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PREFACE

I have always been interested in languages. I have started my studies at the Tampere
University in Nordic Philology. I think I have been aware that something changes
when I speak another language than Finnish, but I have not been able to pinpoint
the changes. Whenever I discussed the topic of my research with my friends and
acquaintances, they used to reply that they had noticed something changing as well,
but they were not able to locate the changes.

When I studied at the department of Speech Communication and Voice Research
at the University of Tampere I finally understood that voice research was the answer
to my questions. And this is how my research began. It has been a journey to voice,
vocology, languages, phonetics, and me as a researcher. A journey not always smooth.
I may have sometimes tripped along the way, but I have always been able to get back
up.

World known soprano Karita Mattila has said: “I trust the original language. I
haven 't sung translations since my debuting times. I agree with Esa-Pekka Salonen,
as he says that different languages have different temperaments. As I change from
one language to another, my voice changes, as well as my whole personality.
(Helsingin Sanomat 6.12.2003).” This has been an inspiration throughout the years

of this research.
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ABSTRACT

In multicultural societies and international connections, it is essential that people can
speak foreign languages being able to communicate with people from other language
and cultural backgrounds. However, how the voice or use of voice changes between
native and foreign languages has not been previously vastly studied. This research
aims to clarify how vocal parameters change when speaking a foreign language
compared to speaking the native one. The study consists of acoustical and perceptual
analyses of voice and subjects” subjective notions of how the voice and voice use
change in the language shift and, also, how it affects vocal fatigue. The subjective
notions have been gathered by a questionnaire.

This research consists of three studies. First of the studies concentrated on
fundamental frequency changes, the second study on vocal fatigue and vocal loading
in native and foreign languages by subjective notions and analyses of the long term
average spectrum and measures of vocal doses. The third study attends to changes in
voice quality between native and foreign languages by inverse filtering and perceptual
analyses.

Twenty native Finnish and 23 native English speakers participated in the
research. The foreign languages they used were either English or Finnish. In Study
I, sixteen Finnish and 14 English subjects were analyzed, in Study II twenty Finnish
and 23 English. At the time, the results of Study I were presented, thirty subjects in
total had been recorded, and the additional thirteen subjects came in later. To the
Study III 24 subjects were chosen. Twelve of them reported more vocal fatigue and
12 who did not report to feel more vocal loading in the foreign language than the
native one.

The speech samples were recorded in a well damped studio at the University of
Tampere. The subjects read a text in the native and then in the foreign language.
Spontaneous speech samples were also recorded. For spontaneous speech samples,
the subjects were given a comic strip which they described first in the native language
and then in the foreign one. The speech samples were calibrated for the analyses of
sound pressure level.

According to the results, voice and voice use are affected by the language shift

from the native language to the foreign one. Fundamental frequency was higher in



the foreign language (Study I), especially this was the case with the Finnish subjects,
the English subjects change was not as clear. Almost eighty percent of the subjects
considered that speaking a foreign language changes their voices, but acoustically
measured rise in the mean fundamental frequency did not necessarily actualize in the
subjective notion of rising of fundamental frequency. Majority of the subjects (70 %)
reported that the voice tires faster when speaking the foreign language. Vocal dose
measurements (Study II) did not, however, show unambiguously that speaking the
foreign language was more loading. This is due to the fact that these dose
measurements base on fundamental frequency, sound pressure level and the amount
of voiced speech. When speaking a foreign language, the amount of the voiced speech
tends to lower compared to that of the native language, and therefore, the doses are
not sufficient as such in analyzing vocal loading in two languages. However, when
the doses were normalized, that is calculated the doses per second, a trend that
speaking a foreign language can be more loading than speaking the native one was
found. Also, the acoustical analyses based on the long term average spectrum showed
a similar kind of trend. In the study of voice quality (Study III) it was found that the
subjects who reported more vocal fatigue were perceptually evaluated to have poorer
voice quality, more pressed phonation and higher pitch in both native and foreign
languages than the subjects who did not report more vocal fatigue in the foreign
language. The changes obtained by inverse filtering showed that voice production
was more pressed in the foreign language than in the native one, which may cause
vocal overloading.

Vocal doses are not enough but voice quality should be added in the research of
vocal fatigue and vocal loading. Also, people who need to use foreign languages
extensively would benefit from training in speech technique in the foreign language,
since even when the voice use was optimal in the native language it does not

necessarily shift to voice use in the foreign one.



TIVISTELMA

Kansainvilistyvissi maailmassa ja monikulttuurisissa yhteiskunnissa on vieraiden
kielten osaamisella merkittdvd tehtivd ihmisten vilisessi kommunikoinnissa.
Kuitenkaan sitd, miten vieraalla kielelld puhuminen muuttaa puhujan 4inté ja tapaa
kdyttad ddntd, ei ole juurikaan aiemmin tutkitcu. Tdmén tutkimuksen tarkoituksena
on selvittdd, miten ddnen eri parametrit muuttuvat puhuttaessa vierasta kieltd
verrattuna didinkielelli puhumiseen. Tutkimus koostuu #dnen akustisista ja
kuulohavaintoon perustuvista analyyseistd sekd kochenkildiden subjektiivisista
nikemyksista kielen vaihtamisen vaikutuksesta ddneen ja danenkiyttd6n seki ddnen
vasymiseen. Subjektiiviset havainnot on keritty kyselylomakkeella.

Tutkimus koostuu kolmesta osatutkimuksesta, joista ensimmiinen keskittyi
perustaajuuden muutoksiin. Toisessa osatutkimuksessa on tutkittu d4nen visymistd
ja kuormitusta didinkielen ja vieraan kielen vililld subjektiivisten itsearviointien seki
keskiarvospektrin ja kuormituksen arvioinnissa kiytettidvien annosmittausten avulla.
Kolmannessa osatutkimuksessa on tutkittu ddnen laadun muutoksia didinkielen ja
vieraan kielen vililld sekd akustisesti kidanteissuodattamalla ettd kuulohavaintoon
perustuen.

Kochenkildind tutkimuksessa oli kaikkiaan 20 suomea sekd 23 englantia
didinkielenddn puhuvaa henkil6d. Heiddn kdyttiménsi vieraat kielet olivat englanti
ja suomi. Osatutkimuksessa I koehenkildind oli 16 suomea ja 14 englantia
didinkielenddn puhuvaa ja osatutkimuksessa I 20 suomea ja 23 englantia puhuvaa,
yhteensd 23  henkildd. Osatutkimuksen [ tulosten julkaisemisen jilkeen
tutkimukseen saatiin vield kolmetoista koehenkildd lisdd. Osatutkimukseen III
valittiin osatutkimuksen II perusteella 24 kochenkiléd. Koehenkildistd 12 vastasi
kyselylomakkeessa, ettd eivit kokeneet ddnensid visyvin nopeammin puhuessaan
vierasta kieltd ja 12 vastasi d4nensd visyvin nopeammin puhuessaan vieraalla kielelld
kuin didinkielella.

Kochenkildiden — ddnindytteet ddnitettiin  ddnieristetyssd  ddnitysstudiossa
Tampereen yliopistossa. Koehenkildt lukivat kaksi tekstid, ensin didinkielellddn ja
sen jilkeen vieraalla kielelld. Lisiksi heille annettiin spontaanipuheen dinitysti varten
sarjakuva, jonka sisillon he selittivit ensin didinkielellin ja sen jilkeen vieraalla

kielelld. Niytteet kalibroitiin voimakkuuden analysointia varten.



Tutkimuksen tulosten perusteella puhujien Fdni ja ddnenkiyttd muuttuvat
puhuttaessa vierasta kieltd verrattuna didinkielelli puhumiseen. Perustaajuus nousi
etenkin suomalaisilla koehenkil6illd, kun he puhuivat englantia verrattuna suomen
puhumiseen (Osatutkimus I). Myds englantilaisilla koehenkililld oli nahtavissd
muutoksia perustaajuudessa, mutta ne eivit olleet yhta selkeitd kuin suomalaisilla.
Lihes 80 % koechenkildistd koki, ettd vieraalla kielelld puhuminen muuttaa ddnt,
akustisesti mitattu perustaajuuden nousu ei kuitenkaan vilttdmated ollut yhteydessd
subjektiiviseen kisitykseen sivelkorkeuden muutoksessa. Suurin osa (70 %)
koehenkildisti koki, ettd 44ni visyy nopeammin vierasta kielti puhuttaessa. Adnen
annosmittaukset (Osatutkimus II) eivit kuitenkaan osoittaneet yksiselitteisesti, ettd
vieraalla kielelli puhuminen olisi kuormittavampaa. Tdmi johtuu siitd, ettd
mittaukset kiyttdvdt perustanaan perustaajuutta, voimakkuutta ja soinnillisen
ddnnén madrdd kokonaispuheessa. Vierasta kieltd puhuttaessa soinnillisuuden mairi
laskee verrattuna aidinkieliseen puhumiseen, joten annosmittaukset eivit sovellu
sellaisenaan kovin hyvin d4nen kuormituksen analysointiin kahden kielen vililla.
Normalisoituina, so. annos laskettuna sekunnissa, ne kuitenkin osoittivat, etti oli
l6ydettavissi trendi, jonka perusteella voidaan sanoa ddnen kuormittumisen
lisddntyvin vieraalla kielelld puhuttaessa. Myos akustiset spektriin liittyvit analyysit
osoittivat samankaltaisen trendin. Adnen laadun tutkimuksessa (Osatutkimus III)
havaittiin eroja ddnen laadun kuulonvaraisissa arvioissa koehenkiléryhmien valilla.
Henkilsilld, jotka kokivat ddnensi visyvdn nopeammin vieraalla kielelld kuin
aidinkielelld, d4nen laatu arvioitiin vihemman hyviksi, puristeisemmin tuotetuksi ja
sivelkorkeudeltaan korkeammaksi kuin niilla henkililld, jotka eividt raportoineet
ddnen visymisen lisddntymisesti vieraassa kielessi. Kidnteissuodatuksella saadut
ddnen laadulliset muutokset osoittivat, ettd vierasta kieltd puhuttiin puristeisemmin
kuin iidinkieltd, miki voi aiheuttaa d3nen kuormittumista.

Ainen laatu on syyti ottaa huomioon tutkittaessa d4nen visymisti ja kuormirtusta.
Lisdksi henkildt, jotka joutuvat kdyttdimdan runsaasti vierasta kieltd, hydtyisivit
puhetekniikan opetuksesta myos vieraalla kielelli, koska optimaalinenkaan

adnenkayttd didinkielessd ei valttimattd siirry vieraaseen kieleen.
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17 INTRODUCTION

In the modern and global world, it is necessary for people to be able to communicate
with people from other cultural and language backgrounds. Especially people from
a relatively small language environment, such as Finnish, need to learn other
languages besides the native one in order to be able to interact in international
relations. Also, in the multicultural societies it is important for immigrants to learn
the language of the society. In modern work life, it has also become more usual than
previously that workers need to have language skills, and skills in foreign languages
are not considered as special skills anymore, but more as being a part of professional
skills. (1.)

It is possible that speaking a language other than the native one affects the
speaker’s voice production. For instance, people who need to use foreign languages
to a large extent, e.g. professional interpreters and simultaneous translators, have
been reported to have symptoms of vocal fatigue and mental tiredness after
prolonged use of the foreign language (2,3), yet there is little, if any, voice training
obligatory in their studies and/or in profession, see e.g. curricula guides in
Multilingual Communication and Translation Studies (4,5). This notion set the idea
that it would be important to investigate why people’s voices get problems when
speaking a language other than the native one.

Knowing that interpreters have voice problems, and (at least in Finland) a
certified business interpreter must master professional speech communication skills,
which includes correct, clear and fluent speech, and correct, clear and flawless
articulation as well as to be able to build trust and confidence through
communication and presentation skills (6). Also, having to deal with multilingual
and multicultural people, interpreters should have training in communication and
cultures (7) which, then, should include training in voice and speech technique.

However, research on voice in a language other than the native one has not been
carried out as vastly as one would expect. Majority of the research on the use of a
foreign language has concentrated on the accuracy of articulation, or the influence
of the native language on the production of the target language, and on the
intelligibility of the speaker (8-13) or perception of the vowels in the target language
(9,11,14-18). In most of these studies the target language has been English. Usually

19



these studies are not made with the same person speaking two different languages,
and, thus, the studies have not usually compared the production of the native
language and second language and therefore vocal characteristics have not been
investigated in both languages for the same speaker. However, some contrastive
research on same speaker has been done, e.g. Morrison (19) has studied acoustic
characteristics in L1 and L2 focusing on the production and perception of vowels
/iland /1/ of Spanish and (Canadian) English, and Rauber et al. (20) have studied
vowels in English and Brazilian Portuguese. According to the results language
learners discriminate different English vowels with varying levels of accuracy, and a
relationship between perception and production was found. Some contrastive
research comparing Finnish and English has been done (e.g. 21-24).

This research aims to study what changes language shift from native language
(L1) to foreign language (L2) causes in terms of voice production and voice use. The
main focus is not to study accuracy of the spoken language as such, while it is touched
on briefly. The research focuses mainly on vocal characteristics between L1 and L2
as well as the subjects” subjective notions of the possible changes between the
languages. Also, vocal loading and vocal fatigue in L2 compared to that of L1 are
studied.

Interpreters was the starting point for the research, but it became obvious that it
would be beneficial to study people with different levels of language skills. Therefore,
the decision to study “ordinary” people was made, not only people with advanced
skills in foreign languages, such as interpreters. Subjects were recruited to participate
in the research mostly from University of Tampere, some were university lecturers,
and some were students. Overall, a wonderful and diverse group of people
participated in the research.

The text materials for both Finnish and English reading samples was chosen by
the researcher, the traditional texts were not used, since it was essential to have two
texts with the same content in both languages. The vowel-consonant ratio of the
texts was satisfactory: 0.93 in the Finnish text and 0.61 in the English. According to
Hakulinen (25), in Finnish the text based ratio is 0.92 and in English 0.63. Also, the
same criteria applies for the spontaneous speech task: it was necessary to have a task
where the subjects would use similar kind of language in both L1 and L2, and so a
comic strip was chosen. The comic strip used here has been used previously broadly
in voice therapy. Then a questionnaire for the subjects was planned. The main aim
with the questionnaire was to investigate the subjects” subjective views on their voices
in L1 and L2 and whether they had noticed any changes in the language shift. Also,

20



subjective evaluations on vocal endurance in L1 and L2 was included in the
questionnaire.

The first recording was made by special laboratory technician Jarmo Helin, the
researcher was in charge of the recordings of 42 subjects. The subjects filled in the
questionnaire after the recordings at Tampere University.

The first study was done at the time when thirty subjects had been recorded, and
it was on fundamental frequency and its standard deviation and range in native and
foreign languages. This was a clear continuum after the article (26) where it was
discovered that the fundamental frequency is affected by the language shift. The
results of the first study were presented at PEVOC in Marseilles in 2011, and
published in Logopedics Phoniatrics and Vocology in 2013.

Next a study of other parameters alongside with the fundamental frequency, such
as intensity and spectral characteristics was carried out. The results were presented in
Tallinn, Estonia at Phonetics Symposium in 2012, and the results have been
published in the Proceedings of the symposium (27). This study is not included in
the thesis, but nevertheless, it was an important part of the process. Also, vowels and
formant shifts in language shift have been studied, and the preliminary results have
been presented in Phonetics Symposium in Espoo in 2015 (28).

It is known that there are some factors which increase the loading of the voice,
such as rise in fundamental frequency, increase in intensity, and hyperfunctional
voice production (29,30). The results seemed to show independent of the study that
some vocal characteristics are affected by the language shift, so a question arose
whether it makes the voice production more loading. Also, it was interesting to study
if the subjects considered their voices to getting more tired in L2 than in L1. The
vocal doses (31,32) were included in the research for quantifying vocal loading. The
results on vocal loading were presented in Folia Phoniatrica et Logopaedica in 2015.
However, it seemed that the vocal doses were not all that suitable for quantifying
vocal loading in two different languages, so another way of measuring it had to be
studied and voice quality seemed to be the suitable parameter. And, at this point it
was clear that the voice, going through the vocal tract, is affected by the language
shift from native language to the foreign language. This lead to the final question,
whether the language shift affects the voice source.

Since the subjective notions on vocal fatigue showed that some of the subjects
reported more vocal fatigue than others, the change in vocal characteristics to
possibly explain this was studied by inverse filtering, so the voice generated at the

vocal folds could be analyzed. Also, as voice quality became an issue, perceptual
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analyses were conducted. The results of voice quality through inverse filtering and
perceptual analyses have been accepted for publication in Journal of Voice in 2016.

The articles have been published in peer-reviewed publications. The researcher
has been the first contributor in them, preparing the articles, and also making the
corrections presented by the reviewers under supervision by Professor Anne-Maria
Laukkanen and Professor Olli Aaltonen. The researcher has conducted the acoustical
and statistical analyses, with help from Anne-Maria Laukkanen and MSc Jyrki
Ollikainen.
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2 LITERATURE

Many species communicate by voice, that is, by the airflow from the lungs through
larynx and the vocal tract, but only humans have the ability to speak. (33.)

Speech and voice belong together, although they are not synonymous. Voice acts
as a carrier for all voiced speech, and creates an independent source of expression
with its broad variation possibilities. Speech is realization of a linguistic code and a
medium for social interaction between people, but it is also a biological code as it
gives out information about the speaker. The ability to speak makes the human
acoustic communication unique, and speech enables the existence and survival of
verbal languages. With the aid of vocal tract structures, e.g. lips, tongue, velum etc.,
it is possible to alter the size and shape of the vocal tract cavities and thereby vary the
acoustic properties of it or to constrict the vocal tract to a varying degree to produce
a second sound source in addition to vocal folds. This production of the speech
sounds is called articulation.

Acoustically the speech sounds are formed by acoustical phenomena (such as
formants, time-varying succession of sound and silence etc.) and their combinations.
These are linked to the functions of the speech organs. The speech sounds can vary
(depending on the speaker, the surrounding speech sounds, and speech tempo, for
example) but speakers of a particular language can still recognize them as realizations
of the same phonemes of the language. The special characteristic of speech is that a
certain number of meaningless and constant phonemes can be modified into limitless
number of combinations that have mutually agreed meanings in a given speech
community, thereby creating the realization of a language. Language, then, can be
defined as a social construct tightly connected to speech as a medium for
communication. (33,34.)

2.1 Speech

Speech is primarily a dynamic action of the speech organs that results in speech

signal. Speech consists of acoustical phenomena such as periodic and non-periodic
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signal (e.g. friction noise for example due to aspiration, fricatives and phonation
type), formants, silent parts, and their combinations. We use our speech organs to
speak, speech is received by our ears, and the perceived speech is processed in our
brain. All of these organs have been shaped to serve one another, and finally our
social behavior. (33.) It is likely that the human evolution has to a certain extent
followed the evolution of speech, and the early elements of speech have been
interjections and descriptive-onomatopoetic words which are based on speech
sounds. Development of speech has been one major premise for human evolution.
(35.)

Speech can be divided into communicative and informative speech, the first being
significant for the sender, while the latter induces a change in the receiver being
therefore significant to him/her. What the speaker says is communicative, the way
the speaker speaks is informative. (36.)

For people to communicate visual and acoustic channels are used. The visual cues,
also known as extra-linguistic features, are e.g. facial expressions, gestures and
movements, and acoustical cues, which communicate paralinguistic information
with intonation, accentuation and timbre. Some of the paralinguistic
communication may be intentional and addressed to the listener in the context, such
as variations in pitch, intensity and timbre, but occasionally these cues can be

unintentionally signaled being a reaction to the speaker’s emotional state. (37.)

2.2 Language

The origin of language is possibly a result of biological processes, which have lead
the necessary organs for speech to form. The upcoming of a language requires the
ability of abstract thinking, and the actual breakthrough for the human language has
occurred as voice as a communicative medium has become more essential than the
visual messages. Also, the phoneme system has then evolved, and the vocal tract has
changed. (33,35,38.)

The definition of language as having an acoustic channel for communication
excludes sign language as a language, although it is the first and spontaneous native
language for a large number of people. Sign language does not have an acoustical
channel but it is a language altogether. (33,35). Then it would be reasonable to state
that language is a medium for communication between people.

The phonology of languages is as much a result of evolution as is the ability to

speech. The phonemes can vary depending on many reasons, such as differences
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between speakers, phoneme interaction, and varying speech tempo, but people who
speak the same language still recognize them as one and the same phoneme in the
native language. (33.)

Language has two basic functions: it enables thoughts to be symbolized out loud
and thus communication (39), and it gives out and receives information (40). All
languages that exist are the medium for communication and they fill social tasks in
the society. If the needs in the society are changing, the language changes along with
them. Languages, then, are constantly changing. (41.) According to Crystal (42), the
functions of a language is to communicate ideas, and to exchange the facts and
opinions to other people. It allows people to express emotions, and it works as the
instrument of thought. Without language it is not possible to think rationally.
However, this strong relation between language and thought has been criticized,
since, while language is a powerful tool in forming thoughts, it does not entirely
determine a person’s thinking (see e.g. 43,44).

Languages can be classified by typological or genealogical classifications. In
typological classification languages are compared by semantics, phonology,
morphology, and syntax. Genealogical classification explains the relationships
between languages where the relationship is often manifested in similarities in
vocabulary and structure. (35,45.) The two languages used in this research have no
relationship as Finnish is a Uralic, Finnish-Ugric language, and English is an Indo-
European, Germanic language (45), and they differ vastly from each other also in
typology.

English was chosen to the study with Finnish, since the first foreign language that
Finnish school children usually start studying is English: in 2009 ninety percent of
children in grammar school chose English as the first foreign language (46). Also, in
international companies in Finland the working language is mostly English, and
there all official interaction is performed in English (1).

Languages may differ from each other in terms of vocal characteristics, such as
fundamental frequency and voice quality. Also, languages have different formant
frequencies of speech sounds, which affect the spectra, and that has an effect on vocal
timbre (47-55). For example, in Finland a relatively low pitch is considered
favourable whereas in Britain a higher pitch has traditionally been attributed to a
high status in the society (56,57).

Some major differences between Finnish and English can be seen e.g. at the level
of phonemes, articulation, and intonation. For example, Finnish /y/ does not exist
in English, and Finnish does not have voiced affricate /d3/ such as English. Also, in

articulation Finnish /r/ is a voiced tremulant, while in English, it is often realized as
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an approximant /1/. Finnish also has short/long vowel opposition, while in English
there is a quality opposition in vowels to distinguish meaning. Finnish does not have
aspiration of consonants as a distinctive feature, such as English. (For differences in
vowels, see vowel formant charts in chapter 2.4.3, page 32). In the Finnish language
questions are marked mainly by interrogatives, while in English questions are marked
by intonation. In the Finnish intonation, the FO contour has the highest peak
typically located at the start of a sentence and the end is low. Also, the intonation
range is narrower in Finnish than in English. (see e.g. 24,58-60.)

221 Ll1andL2

Foreign language is by definition a language which is taught at school and has no
status as a routine medium of communication in the country, while second language
can be defined as a non-native language which is widely used for purposes of
communication (42). By these definitions it would be safe to say that the Finnish
subjects” English is a foreign language, and the English subjects” Finnish is a second
language, since the research has been made in Finland, and the English subjects had
very little to none education in Finnish. However, such distinctions have not been
made, the term foreign language is used for both Finnish and English subjects” L2.

2.2.2  Foreign language learning

Foreign language learning has interested researchers for decades, and several models
for L2 learning have been created. Crystal (42) (Fig. 1) presents two models for
foreign language learning: behaviourist and cognitive. In the behaviourist view L2 is
learned by formal teaching, while in the cognitive view language learning is obtained
through authentic use of L2 as spoken by native speakers of the language. The
behaviourist model sees the language learning as a process of imitation and
reinforcement, that is, the language learners try to copy what they hear, and by
practice and repetition they can establish acceptable habits in the target language. In
the cognitive view, the language learners use their cognitive abilities to construct rules
of the target language. The rules are tried out and altered if they turn out to be
inadequate. Language learning is seen to proceed in series of transitional stages that

are not equivalent to either L1 or L2, so called interlanguage.
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Behaviourist

Cognitive

L2 input
Formal, controlled, instruction

L2 input
Exposure to authentic use of L2

Imitation and reinforcement
strategies (conscious)

Natural strategies (universal,
unconcsious)

Interlanguage

L2 habits (transitional stages of learning)

L2 output L2 output

Figure 1. The foreign language learning models by Crystal (42).

It can be hypothesized that in this research, the Finnish subjects probably had
mostly been using the behaviourist model, the English subjects mostly the cognitive
one in their foreign language learning. This is, though, not that precise, since the
Finnish subjects had probably been exposed to the English language as spoken by
natives to a large extent through for example popular culture, and some of the
English subjects had had some formal education in the Finnish language.

Most of the L2 learning models focus on language learner’s accuracy and accent
in L2. For instance, Flege’s (61) Speech Learning Model (SLM) and Best’s (62)
Perceptual Assimilation Model (PAM) aim to account for age-related changes in the
ability to produce and perceive L2 sounds. In L2 learning the environment plays an
important role across ages, such as the length of residence and relative usage of the
language (16,63,64), as well as the relative quantity and quality of input from native
L2 speakers (65,606).

Since accuracy is not the main focus in this research, Communication
Accommodation Theory (CAT) (67) suits best for the purposes of this study. This
theory has been developed in the 1970°s, and it is based on the hypothesis that, when
people interact, they modify their speech, vocal patterns, and gestures to
accommodate those of other people. The two main concepts in the theory are
convergence and divergence. In convergence a person adapts a speech style to match
the interlocutor’s speech, while in divergence the speaker starts using a strong
regional or social variation of the language. The adaptation may be partial or total,
for example, a speaker may speed up the speech tempo close to the interlocutor’s

speech tempo, or to fully match it. Adaptation may also be verbal or nonverbal. In
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verbal adaptation, the speaker may use a different language, regional variation of
language, or vocabulary. In nonverbal adaptation, the speaker may change e.g. the
pitch or loudness closer to the interlocutor’s pitch or loudness, which can be seen
already in infants, who, for instance, babble at a lower pitch in the presence of their
father, compared to in the presence of their mother. Adaptation is subjective when
the speaker makes changes that are based on stereotypes of the interlocutor, as the
speaker believes some features to be present, and objective when the changes are in
relation to the features that are, in fact, present in the interlocutor’s speech.
Adaptation is usually unconscious, but to some extent, the speaker may be aware of
it, more in the case of the divergence than of the convergence. (67-72.)

Adaptation can be seen, for instance, in voice of foreign language speakers even
when speaking a language they do not have previous skills in. The foreign language
speech is, then, imitation of a language and it bases primarily on the notions,
stereotypes and images of the native speakers” use of voice. (26.)

In this study, L2 is considered to be a learned language, and L2 learning seen as
an ongoing process. This is in line with Flege’s terminology, when he states that
learning a language does not have a clear endpoint and, thus, can be considered as a

learning process rather than acquisition (73).

2.3 Voice

The voice of a speaker is the premise for speech. For person recognition, the voice is
one of the most important cues, and it includes information on a person’s long-term
traits, such as personality, sex and age, and speaker identification is mostly obtained
by vocal tract characteristics, and speakers” vocal identity may differ in acoustic
features (72,74). The system for voice production consists of the lungs, the structures
of the larynx, and the vocal tract (Fig. 2). The lungs create the energy source for
voice, the vibration of the vocal folds in the larynx create the sound, and in the vocal

tract it is modified to speech by resonances and articulation.
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Figure 2. Voice production system. (Figure: http://www.gbmc.org/anatomyandphysiology, legends
modified).

As air is inhaled, diaphragm lowers, the volume of the lungs expands, and air fills
the space. To produce sound, adductor muscles are activated creating resistance to
exhaled air. Air flows through the larynx, which is a tube shaped structure consisting
of cartilages, muscles, and mucous membrane. The pressure between the vocal folds
drops sucking them back together. This vibration is based on the elasticity of the
vocal folds, aecrodynamics of the larynx (Bernoulli Effect), inertia of the air column
in the vocal tract, and the inner muscles of the larynx. The sound generated in the
larynx is then modified by muscular changes in the pharynx and oral (and nasal)

cavity, and by articulators (e.g. lips, tongue) to create speech. (75). (Fig. 3)
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Nasal cavity

Tongue

Figure 3. Vocal tract, articulators and places of articulation. (Figure: https://publicspeakingstrategies.
wordpress.com/2015/06/04/a-ted-speakers-speech-impediment-and-ways-to-overcome-it/,
legends modified).

The voice is, in addition to anatomy features, affected by the way it is produced
(phonation), which may be influenced by geographic, social, and psychological
factors (52). One way of investigating phonation is to study the firmness of the
closing of the glottal closure i.e. the adduction (moving closer to each other) of the
vocal folds: in hypofunctional voice the adduction of the vocal folds is too loose, and
in hyperfunctional voice it is too hard in relation to subglottic air pressure (75).
According to Laver (76) languages have articulatory settings that are typical for the
language, and every person has his/her own personal settings in the use of the vocal

organs which lead to individual articulatory settings.

24 Voice research

The acoustic research of voice gives an opportunity to study the vocal performance
and the quality of the voice in an objective way. The characteristics of the voice to
be studied here are fundamental frequency, sound pressure level, spectral qualities,
quality of the voice generated at the voice source by inverse filtering (IAIF), and vocal
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loading. Also, voice quality by perceptual analyses will be studied, since acoustical

parameters have been shown to have a relation to perceptual, auditive parameters

(36).

241 Fundamental frequency

The fundamental frequency (F0) is the most important correlate to the perceptually
observable pitch. It is based on the vocal fold vibration measuring its periodic
duration in time. The unit of the fundamental frequency is a hertz, which is one
vibration per second. (77.)

Pitch and its use are somewhat culture-dependent. According to Ohara (49,50)
in Japanese society womens high pitch has a great meaning in reflecting femininity,
while in Western countries a lower pitch is more valued (56,57). Also in other
languages pitch has a significance in perceptual observation (78-80). Pegoraro Krook
(53) has studied differences in fundamental frequency in several languages, and it
seems that differences in women’s mean FO may be language dependent.

Previous studies have shown that FO can be affected by the language shift from
L1 to L2 (26,27,49,50). The reason for FO to change between two languages has
been explained by cultural and by physiological factors. Cultural factors may affect
the use of pitch, as it is possible that speakers of L2, trying to achieve a native-like
pitch, change the use of pitch in order to sound more native-like. (26,27,49,50,81-
83). Also, another explanation has been offered by Jarvinen et al. (26) who state that
the rise in FO may be a consequence of the fact that speaking a foreign language is a
task more stressful than speaking the native one, which, then, increases the psycho-
physiological stress of the speaker resulting in rising of FO (84).

FO may be affected also by linguistic features, such as intonation. Languages differ
from each other in intonation, what kind and how wide it is (e.g. 13,85,86). In
intonation research, some mutual tendencies between languages have been found,
such as the rising intonation in questions and descending intonation in opposition
phrases, also politeness is often expressed by high pitch (87,88). Even more common
is that small things and submissiveness are expressed with a high pitch, and big things
and threat with a low pitch. This is language and culture independent, and emerges

even between species. (89.)
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242  Intensity

The main physiological features correlating with intensity of speech are the glottal
amplitude (amplitude of the vocal fold vibration, i.e. width of excursion of the vocal
folds from the midline during vocal fold vibration), and the speed of glottal closing.
Sound pressure level (SPL) and Equivalent sound level (Leq) are physical parameters
that, to a large extent, correspond the perceptual observation of loudness, and the
measuring unit is decibel (dB). SPL and Leq differ mainly by the fact that SPL
measures the strongest peak of the sample, while Leq measures the total sound
energy. (75,77.)

The normal conversational speech has an average SPL of 60-70 dB, when
measured in a well damped space with the microphone 40 cm from the speaker’s
mouth (77). Intensity and fundamental frequency are connected, a rise in the
intensity raises the fundamental frequency (75,77).

Previous studies of SPL (or Leq) between L1 and L2 is scarce, if not non-

existing, but, according to Jirvinen et al., Leq is not affected by the language shift
from L1 to L2 (27).

243  Spectral analyses

Long-time average spectrum (LTAS) gives out information about the sound energy
and its distribution to different frequency areas. It is an average of many individual
spectra in a long (usually one minute) speech sample. LTAS discloses the quality of
voice, and it is used in analyses of speech and singing to describe the target voice, for
example. (76.) LTAS can offer information on the individual characteristics of the
speaker, despite the linguistic content (90). Voice quality can be analyzed acoustically
from the long-time average spectrum (LTAS) as it provides an averaged spectrum of
all voiced sound in the sample (91,92).

Contrastive research has concentrated on language and/or cultural factors and
their influence on spectral structure and vowel formants (47,48,81,93-98). Previous
studies have shown that the acoustically analyzed quality of voice can be language
dependent, and that LTAS and its differences between languages can be due to the
cultural use of voice (e.g. 27,47,51,55,99-102).

The alpha ratio is a method for describing the steepness of the spectrum. It is the
ratio in RMS-energy in the frequency lanes of the sound signal, a = over 1000 Hz/
under 1000 Hz. (103.) The alpha ratio can be calculated also by reducing the sound

energy in the high frequency area with the sound energy in the low frequency area,
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(SPL (1-5kHz)-SPL (50Hz-1 kHz). However, in this study the low frequency area
was set at 50-1500 Hz, in order to avoid the effect of different formant frequencies
in the two languages on LTAS.

The L1-L0 level difference is the difference in spectral amplitudes between the FO
region (0-300 Hz) and F1 region (300-1200 Hz), and it can give out information
about the type of phonation. A higher alpha ratio and a lower sound level of FO

region in relation to F1 region may indicate a more pressed phonation type (Fig 4).
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Figure 4. LTAS in L1 and L2. Above Finnish female, text reading, below English male, spontaneous
speech. Black line Finnish, grey line English.
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In different languages similar speech sounds may be actualized with different
vocal tract settings, which may lead to differences in formant frequencies, as in the
Finnish and English vowel systems (Fig. 5) (13,24,107). In addition to language
dependent factors, anatomical features, such as length and shape of the vocal tract
have a strong effect on formant frequencies. Formant frequencies are then somewhat
speaker dependent (108). In addition to the formant frequencies, LTAS can also
provide spectral information on changes in the articulatory settings (109).
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Figure 5. Vowel formant charts for Finnish and (American) English short vowels. (Figure for Finnish:
http://lwww.helsinki.fi/puhetieteet/projektit/Finnish_Phonetics/vokaaliakustiikka_eng.htm,
accessed March 29t 2016, modified, and for English:
http://isip.piconepress.com/courses/msstate/ece_8463/lectures/current/lecture_17/index.html,
accessed March 29t 2016).

244  Inverse filtering

Inverse filtering, developed in the 1950’s by Miller (110), reveals the voice source,
that is to say, the airflow pulses that are generated by the vibration of the vocal folds
(111). The basis of the source-filter approach is the ideas that the source and the
filter are independent of each other, and that speech consists of three separate and
independent processes: glottal excitation, vocal tract filter, and lip radiation (112).
Rothenberg (113) introduced an inverse filtering method that estimates the airflow
out of the mouth through a mask avoiding the lip radiation effect. Iterative Adaptive
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Inverse Filtering (IAIF), was developed by Alku (114), and it is one of the methods
that estimates the glottal flow signal from a corresponding acoustic speech pressure
signal.

The parameters investigated through inverse filtering can be time or amplitude
based. The temporal (time based) parameters include open quotient (OQ), closing
quotient (ClQ), and speed quotient (SQ). (110.) In previous studies OQ has been
found to have a negative correlation with the intensity and the pressedness of speech,
breathy voice implies increased open quotient, while an increase of the intensity
increases SQ (115-117). ClQ decreases when pressedness and intensity increase
(115). The closing phase affects most directly the voice quality, since the abrupt
closure of the glottis at the end of the closing phase is to a large extent responsible
for generation of the voicing energy (118). ClQ decreases when intensity and
pressedness increase (115).

Time based parameters may be problematic, since the exact points of the glottal
opening or closing can be hard to determine, so amplitude based parameters,
indicating the features which are related to the time domain of the signal, have been
shown to help avoid the problem (111). Amplitude quotient (AQ) is the ratio of the
flow peak-to-peak amplitude of the flow (that is, the difference between maximum
and minimum value within one period) and the minimum peak of the pulse
derivative (111,119). In order to avoid the influence of FO to the measuring of AQ),
a parameter NAQ has been introduced, which is AQ with FO normalization
(111,118). AQ and NAQ have been found to correlate negatively with pressedness
of voice (114,120).

The time and amplitude based parameters through IAIF to be studied are OQI,
0Q2, CIQ, SQ1, SQ2, AQ, and NAQ (see Fig. 6, in chapter 4.4, page 45).

245  Parameterization of vocal loading

Overloading of the vocal organs can be a result of excessive use of voice, and this
overloading can lead to subjective sensation of vocal fatigue. Vocal fatigue can be
manifested in poor quality of voice, unpleasant feelings in the throat and even in
voice loss. (75.) Vocal overloading is regarded as being a result from a combination
of loading factors such as excessively prolonged voice use, high pitch, intensity, and
a pressed type of phonation (30,104).

Several parameters for quantifying vocal loading has been proposed, such as FO

and SPL (29,121), Vocal Loading Index (122), the phonation threshold pressure
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(123), and the characteristics of vocal fold vibration (124). Also, vocal doses (31,32)
can be used in quantifying vocal loading.

In studying the effects of vocal loading, the self-reported vocal loading symptoms
(104) are included in the analyses in addition to the acoustic analyses. Also, the voice
can be affected by individual factors such as gender, vocal endurance, general health,
life habits, vocal skills, and experience and personality (29), and they may contribute
to the effects of vocal loading.

This study concentrates on Vocal Loading Index and vocal doses in quantifying
the loading of the voice and the subjective sensation of vocal fatigue.

2451 Vocal Loading Index

Vocal loading index (VLI) has been introduced by Rantala and Vilkman (122). The
index can be calculated by frequency of the vibration of the vocal folds multiplied by
the time of the vocal fold vibration divided by thousand (VLI = FO x FO time / 1000,
i.e. number of vocal fold periods in kilocycles). VLI indicates the amount of the vocal
fold vibration, it is an index of the work the vocal folds do. According to Rantala and
Vilkman, the subjects” own observations of the problems in voice and VLI have a

clear connection. (122.)

24.5.2 Vocal doses

Titze, Svec and Popolo have introduced five vocal doses for quantifying the amount
of vocal loading which are based on FO, SPL and voicing time (31,32). The doses
are:
e time dose (D,) indicating the total voicing time
e cycle dose (D.) which indicates the total number of vocal fold oscillatory
cycles (i.e. the same as VLI times 1000)
e the distance dose (Dy) which indicates the total distance the vocal folds
travel in an oscillatory path
o the energy dissipation dose (D.) as total amount of dissipation of heat
energy in the vocal folds
e radiated energy dose (D) indicating the total acoustic energy that radiates
from the mouth.
According to Titze et al. (32), the speaking style (normal-monotone-exaggerated)

may have an effect on the vocal doses, as the highest values were found in the
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exaggerated speaking style. Only the time dose (Dt) did not seem to be affected by
the speaking style. When the doses were normalized to Dt they found a trend that
the mean exposures per second were lowest in monotone and highest in exaggerated
speech. The differences were substantially greater for the energy dose (De) and the
radiation dose (Dr) than for the cycle dose (Dc) and distance dose (Dd). Also, some
differences between men and women were found. The normalized vocal loading
index (VLI/Dt) for men was 100-150 cycles/s and for women 200-250 cycles/s. The
values correspond, as expected, to the fundamental frequency values. The normalized
Dd was about 0.5m/s in the normal speech. The normalized De was 0.39-0.86
m]/(cm3s) for men and 0.16-0.25 m]/(cm3s) for women. The normalized Dr was
0.009-0.036 m]/s for men and 0.02—0.057 m]/s for women. The results suggest that
women were more efficient in their voice production than men, since their Dr/Dt
was about twice the amount for men but De/Drt only about half of that for men.
(32.)

The dose measurements have been used in previous research in studying vocal
loading among schoolteachers and/or kindergarten teachers (e.g. 125-128), also
research has been done on vocal doses among singers (e.g. 129,130). The results of
the studies have shown that vocal doses are suitable in quantifying vocal loading.
Kindergarten teachers have higher vocal doses than elementary school teachers (125)
and, also, that the vocal load is higher in professional voice use environment than in
the nonprofessional one (125,126). Also, a large vocal dose may have an effect on
inability to produce a soft voice, vocal effort, and the subjective ratings of voice (130).

Previous studies on vocal doses in two languages is to this author’s knowledge
non existing, but a short mention on language effect has been made by Titze et al.
(32) as they have found that the total amount of voiced speech was lower with a non-
native speaker than with the native speakers. The dose measures, then, may be

affected by language.

246  Perceptual analyses of voice quality

According to American National Standards Institute (ANSI), voice quality is a
perceptual term, defined as “that attribute of auditory sensation in terms of which a
listener can judge that two sounds similarly presented and having the same loudness
and pitch are dissimilar” (131). In addition to the acoustical analyses of the voice
signal, perceptual analysis of the voice quality is widely used as a research method of
voice. Laver (76) defines voice quality as the characteristic auditory colouring of an

individual speaker’s voice. Both laryngeal and supralaryngeal features can be seen as
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contributing to voice quality. The perceptual analyses can reveal the voice quality of
the speaker (132), since it is possible to perceptually detect even small changes in the
voice signal, although the ability to sense these changes are individual (133).
Vocologists may be defined as expert listeners of voice quality, since training in
perceptual evaluation of voice is included in their education (134).

Perceptual analyses can provide information on the speaker’s phonation type.
Kankare et al. (135) have found that perceptual analyses of pressedness are in line
with EGG parameters (glottal pulse parameters obtained by electroglottography),
however, the perceptual evaluations did not correlate with the self-evaluated voice
problems. They argue that voice quality is not necessarily a major factor in vocal
loading in healthy voices, since pressed phonation type is only one factor in vocal
loading. On the other hand, they discuss that the voice samples used in the perceptual
analyses may have had an effect on the results, as they used sustained vowels and
extracted vowels from continuous speech. In some previous studies continuous
speech has been argued to be more favourable as describing the phonation type than
sustained vowels (136,137).

In previous studies, different systems for analyzing voice quality perceptually have
been developed, and most of the studies have been focused on evaluation of
pathological voices (138). The GRBAS scale (139) is widely used as a tool for
perceptual analysis of voice quality. The scale includes a scale from zero to three, 0
corresponding to healthy voice and 3 to severe disease, in five qualitative
characteristics: Grade of dysphony (G), Roughness (R), Breathiness (B), Asthenia
(A), and Strain (S). A visual analog scale (VAS) may, also, be used in evaluation of
voice quality with GRBAS (140,141), but Wuyts et al. (141) recommend the use of
the original 4-point scale. However, VAS offers more detailed information as the
listeners tend to perceive vocal characteristics along a continuum, and not by
intervals (138). GIRBAS scale is a GRBAS scale with an addition of instability (I)
(142). The Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V) is based
on perceptual vocal characteristics, which are vastly used and easily understood. The
characteristics are overall severity, roughness, breathiness, strain, pitch, and loudness
(143,144). GRBAS has been considered to be a fast and simple method and having
good correlation with acoustic parameters (140), and the CAPE-V scale as being
more sensitive, in especially for detecting small quality changes in voice (144). The
Vocal Profile Analysis (VPA) is a system suitable for both normal and pathological
voices. It involves both the articulatory and phonatory settings, and the general
principles are that an individual ‘s characteristic voice quality is affected by the whole

of the vocal apparatus, and that voice quality is a combination of more or less
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independent settings. Also, a normal baseline is not used, since VPA is based on
“neutral” setting. (145.)

In perceptual analyses the reliability of the listeners” judgements seem, to some
extent, be affected by the method used. For example, Webb et al. (146) have found
GRBAS to be more reliable than VPA. Also, to enhance the reliability of the
perceptual judgements, it has been suggested that external referenced standards
(anchors) should be added to the perceptual analyses (147) since every listener has
his/her internal subjective standards which may affect the judgements (148).

The present study used sentences extracted from continuous speech in perceptual
analyses of voice quality. Also, in perceptual analyses overall voice quality,
strenuousity of voice production and suitability of pitch were used in addition to
phonation type of the speakers. Anchors were not used in this study, since the
comparison was made between same speaker’s L1 and L2 samples, not between

speakers.
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3 AIMS OF THE RESEARCH

3.1 Research questions and research hypothesis

This present research aimed to answer the question if speaking a foreign language
affects the speaker’s voice and voice use compared to speaking the native language,
and whether speaking L2 is more loading than speaking L1. The research hypothesis
was that voice changes when speaking in a foreign language compared to speaking in
the native language. Research questions in studies were as follows:

Study [:

1. Do mean FO and the FO range change when speaking a foreign language compared to
speaking the native language?

2. Are the speakers aware of the changes?

3. Does experience, e.g. residence and education, in speaking the foreign language have
an effect on the changes in F0?

Study II:
1. Does speaking in L2 affect the subjective notions of vocal fatigue?

2. Can increased vocal loading be seen in acoustical analyses?

Study I1I:

1. Is the perceived phonation quality more pressed when speaking L2 than when
speaking L1?

2. Do the characteristics of the voice source (revealed through inverse filtering) differ
between L1 and L2?

3. Do the subjects who report more vocal fatigue in L2 than in L1 have more pressed
phonation in L2?

40



4 METHODS

4.1 Subjects

The first step was to recruit subjects for recordings. A letter (Appendix 1) was sent
to Department of English at the University of Tampere, and to the students in
courses “Finnish for foreigners” held at the University of Tampere. Also, the
researcher used her own connections and recruited people she knew as subjects. The
only criteria for the subject selection was that every subject should know the foreign
language at a level that the text-reading and spontancous speech samples would be
possible to produce. However, three of the English subjects were not able to produce
the spontancous speech samples.

The subjects were native speakers of either Finnish or English, and the foreign
languages they used were English or Finnish. The Finnish subject group consisted of
twenty people, eight males and twelve females, and the English group consisted of
23 subjects, fourteen males and nine females.

The mean age of the Finnish subjects was 39.8 years (sd 15.9, range 19-69) and
the English subjects” 36.0 years (sd 16.9, range 21-79). Finnish subjects had a longer
formal education in L2 (mean 12.0 years, sd 9.2, range 0-40) than the English
subjects (mean 0.8 years, sd 1.1, range 0-6).

The English subjects had a longer residence in Finland than the Finnish subjects
in an English speaking country, 22 percent of the English subjects had resided in
Finland over 10 years, while only 5 percent of the Finnish had residence of 10 years
or more.

The Finnish subjects considered themselves as more experienced in speaking
English than the English subjects in speaking Finnish: seventy percent of the Finnish
subjects considered to be at least experienced, while almost seventy percent of the
English considered to have only some experience. The data was gathered by a
questionnaire (Appendix 2).
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4.2 Recordings

The subjects were recorded at the University of Tampere. The recordings took place
in a well-damped recording studio with a combined level meter and microphone
(Bruel et Kjaer Mediator, Type 2200), placed in front of the subject at a distance of
40 cm from the mouth. The signal was recorded with Sound Forge 7.0 software,
using 44.1 kHz sampling frequency and 16-bit amplitude quantization. The signal
was calibrated for calculation of SPL and Leq by recording a reference signal with a
known intensity.

The subjects read a text (Appendix 3) first in their native language and then in
the foreign language. The subjects read aloud from a text for one minute first in the
native language (Finnish or English) and then in the foreign language (English or
Finnish). The texts were the same in content in both languages. Also, spontaneous
speech samples were recorded. The subjects were shown a comic strip (Appendix 4)
which they described in their own words first in the native language and then in the
foreign one. The duration of the spontaneous speech samples varied between 21.5
seconds and one minute (mean of duration was 42.9 seconds) in LL1 and between 26

seconds and one minute (mean of duration 43.6 seconds) in L2.

4.3 Questionnaire

After the recordings, the subjects were asked to fill in a questionnaire (Appendix 2).
The subjects were able to fill in the questionnaire at the same location the recordings
took place. This helped both the subjects as well as the researcher. Every subject filled
in the questionnaire and the researcher was able to clarify if some questions were not
all so clear. Had the subjects been asked to fill in the questionnaire for example at
home, it is possible that not all of them would have filled it in. Also, the questionnaire
was planned to be filled in after the recordings so the subjects would not have an
exact idea of the aim of the study.

4.4 Acoustical analyses

The acoustical analysis were carried out with Praat speech analysis system (149) and
TKK Aparat (150). Praat was used in Studies I and II. TKK Aparat was used in Study
I11.
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In Study I, mean, standard deviation, and range of FO were analyzed. Individual
pitch ranges and analysis method cross-correlation were used in the analyses.

In Study II mean fundamental frequency (FO), equivalent sound level (Leq,
intensity calculated period by period), speech rate (syllables per second), total
duration of voiced speech (unvoiced speech segments and pauses were excluded), and
VLI were analyzed. Alpha ratio was calculated by subtracting the Leq within the
range of 1.5-5 kHz from the Leq in range of 50-1500 Hz. 1500 Hz was chosen as a
level value, because it may then ignore the different formant frequencies in Finnish
and English (for an example of different formant frequencies in Finnish and in
English see Figure 4, page 33 and Figure 5, page 34).

The level difference between peak in the first formant region (300-1200 Hz) and
peak in the FO region (0-300 Hz) was measured from LTAS. Analysis of LTAS was
pitch-corrected, and unvoiced segments were excluded.

The dose measures were used to quantify vocal loading. For the dose
measurements, Leq 40 cm was converted to Leq 50 cm. The formula Leq50 cm =
Leq40 cm — 10 - log \ 40/50 was used. The time resolution for dose measurements
was 0.01 s. Since the duration of the L1 and L2 spontaneous speech samples varied,
the same length of speech was analyzed in dose measurements in both languages.

In calculation of doses, the equations introduced by Titze et al. (31) were used.
Time dose (Dt) was calculated with the total time and the voicing unit step function.
This equation is the basis of every dose calculation. In calculation of cycle dose (Dc),
FO was added in the equation. In the distance dose (Dd) the amplitude of the vocal
folds was added in the equation, and also a factor 4, since, theoretically, the vocal
folds travel a distance of four times the amplitude within a cycle. The distance dose
accounts for both intensity and fundamental frequency in voicing. To overcome the
problem with the distance dose (the vibration amplitude of the vocal folds being very
difficult to measure), the amplitude can be approximated from the SPL and FO. This
means that, a distance dose typical for an average person when speaking at the
measured SPL and FO are calculated. The amplitude can be approximated using the
empirical rules which take into account the reference vocal fold length (0.016 m for
males and 0.01 m for females), the lung pressure and the phonation threshold
pressure. See Titze (151) for the empirical rule for the phonation threshold pressure.
Also, a nominal fundamental frequency (120 Hz for males and 190 Hz for females)
is added in the equation. In energy dissipation dose (De) the shear viscosity of the
vocal fold tissue (see 152,153), including the vertical thickness of the vocal folds and
the angular frequency of the vocal fold vibration are added to the equation.
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Calculating the radiated energy dose (Dr) the distance from the mouth at which SPL
is registered is taken into account. For the equations, see Titze et al. (31).

The doses are derived for a specified measurement time as three basic parameters
of speech are extracted: the parameter for voiced and voiceless parts of the speech, FO
and SPL. D, D¢ and D; are the true doses for the person, whereas Dy and D. are
approximations, since they are based on typical data for vocal fold amplitudes,
thicknesses, and viscosities for both male and female speakers (31).

In Study III, 24 subjects were divided into two groups, subjects who did not
report more vocal fatigue in L2 than in L1 formed Group 1 (12 subjects in total),
and subjects who reported more vocal fatigue in L2 than in L1 Group 2 (12 subjects
in total). From the speech samples short stressed vowels (/a/ in Finnish and /A/ in
English) were extracted in three different phonetic contexts both in text reading and
in spontaneous speech. The length of the analyzed vowels was 0.045 seconds. The
order of the vocal tract model and the lip radiation coefficient were adjusted
separately for every vowel. To remove low-frequency ambient noise, the cut-off
frequency of the high-pass filter was set at 80 Hz, and changed when necessary. The
mean of the three acoustical parameters for text reading and spontaneous samples
was calculated for every subject.

The following time and amplitude based parameters were studied from the
inverse filtered signal (Fig. 6): Open quotient (OQ), closing quotient (ClQ), speed
quotient (SQ), amplitude quotient, AQ, and normalized amplitude quotient, NAQ.
Calculation of these parameters (111,114,118,119):

o the glottal open phase in comparison to the cycle duration = open
quotient (OQ)

o the ratio between the duration of the glottal closing phase to the period
length = closing quotient (CIQ)

o the ratio between the duration of the opening phase and the duration of
the closing phase = speed quotient (SQ)

o the ratio of the peak-to-peak amplitude of the flow (Aac) and the
minimum peak of the pulse derivative (Admin) = amplitude quotient,
AQ

e AQ divided by period length = normalized amplitude quotient, NAQ.

The opening phase has two opening points (tol and to2 in Fig. 6): OQI is
calculated from the primary opening point while OQ2 is calculated from the
secondary opening point (154). Similarly, SQ1 is calculated from the primary
opening point, and SQ2 from the secondary opening point.
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Figure 6. Time and amplitude points in calculations of the inverse filtering parameters. (Figure:
Jarvinen et al. Voice quality in native and foreign languages investigated by perceptual analyses
and inverse filtering. J Voice 2016).

4.5 Perceptual analyses

Perceptual analyses were used in Study II and Study IIL. In Study II, two native
listeners of the spoken language (1 native Finnish and 1 native English) evaluated
the proficiency of the speakers in the foreign language. The listening samples were
extracted from the speech samples, same sentences in text reading samples were used
for both Finnish and English subjects, in spontaneous speech the listening samples
were one sentence at the beginning of the speech sample. The listeners evaluated the
speech on a scale from O to 4, O representing no skill/fluency/accuracy and 4
representing native-like speech. Proficiency was created by combining skill, fluency
and accuracy into a sum of the variables. Questionnaire for these perceptual analyses
is presented in Appendix 5.

In Study III three vocologists listened to the voice samples (one sentence from the
same point in L1 and L2 with duration from five to eight seconds) and evaluated the
speakers” overall voice quality, strenuousity of voice production, firmness of
phonation and pitch suitability. Questionnaire for perceptual analyses used in Study

111 is presented in Appendix 6.

45



4.6 Statistical analyses

Statistical analyses were carried out by SPSS software (versions 18 and 22). Related
samples Wilcoxon signed ranks test was used for the significance of change in the
parameters, Mann-Whitney U-test was used to test the significance of the difference
in the change of the parameters between groups. Repeated measures analysis of
variances (RM-ANOVA) was used for studying the differences in inverse filtering
parameters between native and foreign languages and the effect of subjective vocal
fatigue. Spearman correlation coefficient was used for investigating the relations
between self-reported notions and the change in acoustical parameters, and
perceptual evaluations. Also, Spearman correlation coefficient was used for
investigating the relations between the acoustical and perceptual results, and
Cronbach’s alpha for the inter-rater reliability. Nonparametric tests were used, since

the results were not normally distributed.
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4.7 Summary of methods and materials used in the studies

The materials, subjects and analyses in each study used are combined in Table 1.

Study I II 111
Speaking a Vocal loading in Voice quality characteristics in
foreign language speaking a native and foreign languages
and its foreign language

effect on FO

Subjects 30 43 24
16 Finnish 20 Finnish 12 Finnish
14 English 23 English 12 English
Material Text reading Text reading Text reading
Questionnaire Spontaneous speech  Spontaneous speech
Questionnaire Questionnaire
Acoustical  F0 FO FO
analyses Standard deviation of Leq 0OQ1 and OQ2
FO Alpha ratio ClQ
FO range L1-L0 level difference SQ1 and SQ2
Amount of voiced NAQ
speech AQ

Speech rate
Vocal doses

Perceptual Skill Opverall voice quality
analyses Fluency Strenuousity of voice
Accuracy production

Firmness of phonation
Suitability of pitch

Statistical ~ Wilcoxon Signed Wilcoxon Signed Wilcoxon Signed Ranks Test
analyses Ranks Test Ranks Test RM-ANOVA
Mann Whitney U-test Spearman correlation  Mann Whitney U-test

Spearman correlation  coefficient Spearman correlation
coefficient coefficient
Cronbach’s alpha

Table 1.  Summary of the subjects and methods used in studies.



5 RESULTS OF THE STUDIES

5.1 Mean, SD, and range of FO in L1 and L2 (Study I)

The results showed that FO was significantly higher in English than in Finnish for
the Finnish subjects, but for the English subjects the change between L1 and L2 was
not as clear. For the Finnish subjects FO was in average four percentages higher in
English than in Finnish (p=.001), for the English 0.84 percentage higher in Finnish
than in English (statistically non-significant), (Figure 7). The change in FO showed
significant differences between Finnish and English subjects (p=.008). Standard
deviation of FO and the range of FO showed no significant changes between native

and foreign languages.
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Figure 7. Difference in FO in percentages in the foreign language compared to FO in the native
language in Finnish and English subjects.
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Twelve (75 %) of the Finnish subjects considered that their pitch was higher in
English than in Finnish, only two considered it to be lower. Eight (57 %) of the
English subjects considered the pitch to be lower in Finnish than in English, two to
be higher. Only two subjects in the Finnish and four in the English group reported
that the pitch is not affected by the language change. The subjective notions of the
change in pitch did not have significant correlation with the actual rise in FO.

The Finnish subjects had a longer formal education in the foreign language than
the English subjects (14 and 0.7 years respectively), while the English subjects had a
longer residence than the Finnish subjects. Fifty-seven percentages of the English
subjects had resided in Finland over five years, while for the Finns all of the subjects
had resided in an English speaking country for five years or less. The Finnish subjects
considered themselves as more experienced in the foreign language use than the
English subjects (Figure 8). No significant correlation between experience in

speaking the foreign language and the change in FO was found.
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Figure 8. The subjects” education in the foreign language (in years), the subjects’ residence in a
country where L2 is spoken (1=less than 1 year, 2=1-5, 3=5-10, 4=10-20, 5=over 20 years), and
the subjects” own estimation of level of experience in speaking L2 (0=some experience,
1=experienced, 2=very experienced, 3=native-like). The vertical axes represents frequency of the
responses.

5.2 Vocal loading in L1 and L2 (Study l)

The majority of the subjects (79%) considered that language shift from L1 to L2 has
an effect on voice, as they reported that the voice changes when speaking 12
compared to speaking L1. Only two percent of the subjects had not noticed any
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changes in voice between L1 and L2, and nineteen percent only slight changes.
Thirty percent of the subjects reported that language shift from L1 to L2 has an effect

on vocal fatigue (Figure 9).

Count
Count

Nochenges  Slightchanges  Moderatechanges  Manychandes  Profound changes Not at al At faster Faster Qute fast Wuch faster
Voice changes when speaking L2 Voice gets tired faster in L2 than in L1

Figure 9. The subjects’ estimations of how much voice changes and whether voice gets tired faster
when speaking L2 compared to speaking L1.

The subjects” own estimation of experience in speaking L2 had a mild negative
correlation with the estimation of vocal fatigue (r = -0.48, p < .01). The level of
experience correlated for the Finnish subjects with education in L2 (r = 0.55, p <
.05), and for the English subjects with the duration of residence (r = 0.66, p < .01).

According to perceptual evaluation by a native speaker of the target language, the
Finnish subjects were evaluated as more proficient than the English subjects in
speaking the target language. Seventy five percent of the Finnish subjects was
evaluated as proficient, very proficient or even native-like in English while 56.5
percent of the English subjects was evaluated as proficient or very proficient. Males
were evaluated as a littddle more proficient than females (72.7 % and 57.1 %
respectively). No correlation between the perceived proficiency and the age or sex of
the speaker was found. A moderate correlation between the self-evaluated experience
in speaking L2 and perceptually evaluated proficiency was found (r = 0.54, p < .01).
Also, a slight negative correlation between the self-reported notion of vocal fatigue
and perceptually evaluated proficiency was found (r = -0.34, p < .05).
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Proficiency correlated moderately with self-evaluated experience in the target
language for the Finnish subjects (r = 0.55, p < .05), and slightly with residence with
the English subjects (r = 0.44, p <.05).

Between L1 and L2 significant changes in the acoustical parameters were found
in FO, and L1-L0 level difference. FO was higher in L2 than in L1 (p < .05), and the
L1-LO level difference was higher in L2 than in L1 (p < .01). Changes in the alpha
ratio and L1-L0 level difference did not have a correlation with the changes in Leq.
The amount of voiced speech and the speech rate were significantly lower in L2 than
in L1 (p < .01 in both).

The speech doses Dy, D¢, and Dy showed significant changes between L1 and L2
(p < .01 in all three dose measurement), the doses being lower in L2 than in L1. Age
and sex of the speaker did not have a correlation with the changes in acoustical
parameters.

Normalizing VLI and D, and calculating doses per second showed significant
changes between L1 and L2 in VLI/D; (p < .05) for all subjects. For Finnish subjects
a significant change was found in D/D. (p < .05), and for females in VLI/D, (p <
.05). The normalized doses are presented in Figure 10.
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Figure 10. Distributions of dose measurements normalized to Dt in text reading and spontaneous
speech samples.

5.3 Voice quality in L1 and L2 (Study III)

Results showed significant differences in the perceptual evaluation of voice in L1 and
L2: in text reading the voice quality was evaluated as poorer in L2 than in L1 (p <
.05), and in text reading and in spontaneous speech the firmness of phonation was
lower (i.e. type of phonation more pressed) in L2 than in L1.

Significant differences between native and foreign languages were found in the
acoustical analyses: in OQ2 (p < .05) in text reading, and in CIQ (p < .05), SQ2 (p
<.05), and NAQ (p < .01) in spontaneous speech (Figure 11). Also, RM-ANOVA
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showed significant differences between L1 and L2 in CIQ (F = 6.20, df = 1, p < .05),
NAQ (F =5.32,df = 1, p < .05), and SQ2 (F = 13.81, df = 1, p < .01), but no
significant differences were found when vocal fatigue was set as a between subject

factor.
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Figure 11. Distributions of parameters obtained through inverse filtering for the two groups of
subjects: subjects who did not report more vocal fatigue in L2 than in L1 (Group 1), and subjects
who reported more vocal fatigue in L2 than in L1 (Group 2).

Between the groups based on subjective sensations of vocal fatigue, significant
differences were found. For subjects in Group 1 (subjects who did not report having

more vocal fatigue in L2 than in L1) voice quality in L2 was evaluated as better (p =
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.017), firmness of phonation lower (i.e. phonation type less pressed) (p = .001), and
pitch more suitable (p = .01) than for subjects in Group 2 (subjects who reported
more vocal fatigue in L2 than in L1). Significant differences between L1 and L2 in
text reading were found in all the perceptual parameters for Group 2 as voice quality
was evaluated poorer, phonation more pressed, voice production more strenuous,

and pitch higher than suitable in L2 (Figure 12).
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Figure 12. Medians of perceptual evaluations for subjects” general voice quality (O=very poor —
10=very good), firmness of phonation (0=very pressed — 10=very breathy), strenuousity of voice
production (0=very strenuous — 10=very easy), and pitch suitability (0=too low — 10=too high).
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Both groups showed a significant increase in firmness in L2 in spontaneous speech
(p<.05).

For some of the inverse filtering parameters significant differences were found
within the same group. In spontaneous speech, Group 1 showed significant
reductions of both NAQ and ClQ, and Group 2 showed significant increase in SQ2
in L2. Text reading showed the same trend but remained insignificant. Between
Group 1 and Group 2 no significant differences in the inverse filtering was found.

The perceptual evaluation of strenuousity of voice production had a mild
correlation with the acoustical inverse filtered parameters. The correlation varied
from r = .26, p < .01 for OQI to r = .47, p < .001 for NAQ. The evaluated
strenuousity of voice production correlated mildly negatively with SQ1 (r = -.32, p
<.01),and SQ2 (r=-.22, p <.05). Also, the perceptual evaluation of pitch suitability
had a mild correlation with FO (r = .41, p < .01), and NAQ (r = .30, p <.01), and a
mild negative correlation with AQ (r =-.28, p < .01).
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6 DISCUSSION OF STUDIES

6.1 Speaking a foreign language and its effect on voice characteristics

The mean fundamental frequency changes when speaking a foreign language
compared to speaking the native one, and the change is, to some point, related to the
target language. According to Lewis (155) the use of pitch can be gender and culture
dependent. This can lead the speakers of L2 to use a certain pitch level they think
the native speaker of the target language would use.

The difference between Finnish and English groups indicates that the use of pitch
in the foreign language may be a result of adaptation to a certain pitch level the
speakers estimate the native speakers would use. In Speech Accommodation theory
itis argued that people tend to modify their communication in interaction with other
people. This adaptation includes both linguistic and non-verbal cues, and in vocal
characteristics pitch is one characteristic which is modified in speech (67-71). Ohara
(49,50) has found that Japanese women have lower pitch in English than in Japanese,
but for men the difference between Japanese and English was not as clear. She argues
that this may be due to the fact that in Japanese culture the women are expected to
manifest their femininity by a high pitch, but it is not as important when they speak
English. Ohara also argues that some of the women who learn Japanese as L2 try to
change their pitch to meet the expectation of a higher pitch in Japanese. Boka (156)
has found in his preliminary study that the fundamental frequency is, according to
the results, affected by the language shift. In the study only one woman was studied
(Japanese L1, English L2), so vast generalizations cannot be made. Surprisingly, the
subject had a lower FO in Japanese than in English, which Boka argues to be a result
of the fact that the speaker was grown up in a Western society and did not, then,
grow up with the Japanese gender expectations. He argues that, if changing the FO
is a conscious choice, after leaving the native speaking country (in this case Japan)
and living in a country without the expectations and social constraints it will
eventually stop maintaining the typical high pitch.

In this present study, the subjective notions of change in pitch in L2 and the
actual change in FO did not seem to be correlated, so one might ask whether the

change in pitch is a conscious choice at all. Perhaps the rise in FO is more related to
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the possibility that the speakers were somewhat more unconfident in speaking the
foreign language than the native one, and it may have resulted in the rise in FO.
Previous studies (87,88) have shown that lack of confidence, or increased psycho-
physiological stress (84) may have an effect on FO causing it to rise. The text reading
as a task may also have an effect on FO (157), so another kind of task, such as
spontaneous speech samples, should be studied.

The range of FO did not show changes between L1 and L2 which can be due to
the fact that the range of FO can be relatively constant in speech and therefore can be
difficult to modify in the language shift. Also, it is possible that the range was affected
by the native language, since the pattern for intonation in the native language is easily
shifted in the foreign language speech (86). For example, the Finnish speakers of L2
have been shown to have difficulties in achieving a prosody or intonation of the target
language (see e.g. 158,159).

The lower alpha ratio and the rise in L1-L0 level difference in L2 than in L1 may
indicate a more pressed phonation (104,160), which is regarded increasing the risk
of vocal loading and voice disorders (161). However, the L1-L0 level difference may
be affected by the different formant frequencies in the two languages (47) (see Figure
4, page 33 and Figure 5, page 34) which make the acoustical voice quality analyses
somewhat hard to make. Earlier studies suggest that language and/or culture may
affect the spectral structure (47,48,81,93-98) and, therefore, the change in alpha
ratio and the L1-L0 level difference between languages may also be resulted from the
language shift itself, as, according to Majewski et al. (55), the first formant is mostly
affected by the language. This has been taken into account in the analyses of alpha
ratio by setting the border of low and high frequencies at 1500 Hz. By this, the effect
of the first formant differences between Finnish and English should be eliminated
from the analyses. Also, it has been previously stated that a speech sample of adequate
length (at least one minute) should ensure that the individual sounds of the language
do not affect the long time average spectrum, and with LTAS it is possible to study
the laryngeal features of a speaker rather than the subglottal ones (90).

The effect different languages have on LTAS, alpha ratio, and L1-LO level
difference needs to be studied further with a larger number of subjects as well as with
several languages. Also, the correlation with L1-LO level difference changes and
changes in FO should be taken into account. Also, perceptual analyses and their
correlation with the spectral based parameters should be added. In this study, the
perceptual analyses were aimed to investigate the proficiency of the L2 speaker.

Significant changes were found only in the dose measures normalized to Time

dose (Dt) in Vocal Loading Index (VLI) in text reading. These changes correspond
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to changes in FO (32), as expected. Speaking a foreign language, though, may increase
vocal loading, as a trend was found that the mean exposure per second tends to be
higher in L2 than in L1. This trend towards increased vocal loading was clearer for
Finnish and female speakers, and it may be resulted from the larger changes in FO.
As previous studies have shown the change in FO may be gender and language
dependent as, according to the results, the change in FO between languages is more
distinctive with women than men (49,50), and more distinctive with Finnish than
English subjects.

People may have differences in sensitivity to adaptation, as experience in speaking
the target language did not show correlation with the actual changes in F0. It would
have been expected that the more experienced the subjects felt in speaking the target
language, the more clearly he/she would have adapted to the FO characteristics of the
target language, had the changes in FO been clearly a result from adaptation. It may
also be that quantifying the overall experience in the target language is not very easy,
as in this study it was considered as the subjective notion of one’s own perspectives
on experience level in the target language. Maybe native listeners” evaluation on the
experience of the speakers would have given different results. Also, the subjects varied
extensively in their education and residence. These factors should be considered
separately.

6.2 Vocal fatigue and vocal loading in speaking a foreign language

Some evidence was found in the acoustical parameters indicating vocal loading that
speaking L2 may, in fact, be more loading than speaking L1. A specific cause of vocal
fatigue is not always obvious, and acoustical changes do not always correlate with the
subjective sensations of vocal fatigue (104). In comparison of L1 and L2 an increase
in effort in phonation and/or articulation may cause an increase in vocal overloading
and, thus, increase the speakers” symptoms of vocal fatigue. The stressfulness of the
task of speaking L2 may increase the mental effort itself which may, then, lead to an
increased subjective sensation of vocal overloading (161). Also, it is possible that the
subjects are not always able to separate the tiredness of the articulators from the
tiredness of the voice. The subjects reported that their voices get tired faster in L2
than in L1, but the question did not specify how tiredness of the voice should be
understood. In addition to voice getting tired faster, the subjects reported the quality

of voice as poorer in L2 than in L1.
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Excessive vibration, in terms of number and amplitude of vocal fold collision,
may cause damage to the vocal fold tissue, and, therefore, FO, SPL and the duration
of voiced speech are considered to be major factors in vocal loading (32). The rise in
FO was significant in L2, and that, then, may contribute to the vocal loading and to
the subjective sensation of vocal fatigue. Previous studies have shown that the
amount of voiced speech is approximately 50 percent of the total amount of speech
(162), and it tends to be lower in the foreign language than in the native one (32).
The results in the present study were in line with the previous findings. According
to Spilkovd and van Dommelen (163), word duration is longer for L2 speakers than
L1 speakers, which can have a relation to the fact that speech rate is slower in L2
than in L1, and that can result in a lower amount of voiced speech of the total
amount of speech. This, in turn, may compensate the increase of vocal loading due
to the rise of FO. The dose measures are based on FO, SPL, and total amount of
voiced speech in the sample (31,32) and, therefore, not all that suitable for studying
the vocal loading in two languages. Some other means for quantifying vocal loading
should be considered. Voice quality investigated by inverse filtering, as well as
perceptual analyses could give additional information on vocal loading.

The negative correlation between self-reported vocal fatigue and the level of
experience in L2, and the native listeners” evaluations of proficiency in the target
language may express that the less experienced speakers tend to experience the task
of speaking L2 more stressful or that they use more effort in the L2 production than
the more experienced speakers and, thus, have more symptoms of vocal fatigue. Lack
of experience, then, may increase their sensitivity of noticing symptoms of vocal
and/or articulatory overloading.

The subjective sensation of vocal fatigue does not always correlate with the
objective measurements of acoustical parameters (104), and a specific reason for vocal
fatigue can sometimes be hard to find. Here, the acoustical parameters obtained
through inverse filtering did not show differences between the subjects who reported
more vocal fatigue in L2 (Group 2) from those subjects” parameters who did not
report more vocal fatigue (Group 1). The subjects in Group 2 had, though, less
optimal voice use (i.e. poorer voice quality and more pressed phonation) also in L1.
This may indicate that the sensation of vocal fatigue was affected by the voice use in
both L1 and L2.

The subjects in Group 1 were more experienced in speaking L2 than the subjects
in Group 2, which may cause increased psycho-physiological stress and mental effort
with subjects in Group 2, which may, then, lead to increased muscle tension and

therefore cause FO to rise and pressedness in voice to increase. These factors have
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been reported to contribute to the increase of subjective sensation of vocal
overloading (161,164). However, a clear answer that FO rose or that NAQ lowered
more with the subjects in Group 2 than with the subjects in Group 1 was not found.
The fact that FO was lower in L2 for subjects in Group 2 can be due to the
composition of the groups, since nine of the twelve subjects were native English
speakers in Group 2 while in Group 1 nine of the subjects were native Finnish
speakers. Languages may differ in the mean FO (53), and it is possible that the
subjects tried to reach a level of pitch they thought the native speaker of the target
language would use (26,49) which, then, affected the results in FO. The composition
of groups was made by the subjective sensations of vocal fatigue, and, therefore, it
was impossible to manage that both groups would have the same amount of native
Finnish and native English speakers. To exclude the effect of different composition
of groups, a further study with more subjects is warranted.

When the inverse filtering parameters of Group 1 and Group 2 were examined
separately, a trend towards increased pressedness in L2 was found. It would have
been expected that it had been significant for Group 2, but, surprisingly, it was
significant only for Group 1. This may be an indication of that the subjects in Group
1 were not as familiar with the symptoms of vocal overloading as the subjects in
Group 2, or possibly the acoustical parameters investigated here did not reveal the
subjective sensations of vocal fatigue (104). The possibility of the lack of familiarity
of the symptoms is in line with Rantala (165) who has found, that the rise of FO and
levelling of the spectrum appeared with subjects with less complaints of vocal fatigue
symptoms rather than subjects with more complaints. According to Rantala this may
reflect a normal adaptation of the human body, as the subjects with more complaints,
in order to avoid excessive strain and exhaustion, tend to shift their voice use towards
more hypofunctional (165).

The length of residence in a country speaking the foreign language (66) and, also,
other factors such as the age when the foreign language studies have begun (9), or
the amount of language use (16), may affect the performance in the foreign language.
For the English subjects a correlation between residence and self-evaluated
experience in L2, and for the Finnish subjects a correlation between self-evaluated
experience and education was found. These findings may indicate that the subjective
notion of experience in using the L2 (or perhaps the self-confidence in it) is gained
differently with the native Finnish and native English speakers, which may, in fact,
be a direct result from the fact that the Finnish and English subjects had learned the
L2 in quite different ways. The Finnish had mostly been taught English in formal

educational settings while the English had learned Finnish in more informal ways.
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The differences in language learning between Finnish and English subjects, then,
may result to the fact that the Finnish subjects” changes in voice between L1 and L2
are somewhat more conscious than those of the English subjects”. (42.) On the other
hand, in Finnish schools English is mostly taught be native Finnish speaking teachers
which may lead to mispronunciation of English (166), and maybe this could be the
case in non-verbal cues, too, but Finnish people tend to have quite a broad
knowledge of native English speakers” English, since it can be heard very extensively
in the media. Therefore, it cannot be stated that the Finnish subjects had learned the
English language solely by Crystal’s behaviouristic model. Also, some of the English
subjects did have some formal education in the Finnish language and, then, their
language learning model was perhaps not solely cognitive (42). Such distinctions
between the two models by Crystal are hard to make in this kind of study. In order
to find the possible distinctions the language learning model have on the changes in
voice between L1 and L2, it would be favorable to recruit the L2 Finnish speakers
from another country.

This study did not take the age when the L2 learning had begun or the amount
of the L2 use into account. It is possible that these factors could have given more
detailed information about the subjects” actual experience in L2. In future research,
it seems essential to include these factors to the study. Also, longer speech samples
should be added. Maybe even conversational speech samples would be beneficial,
since the type of the speaking task, i.e. text reading versus spontaneous speech, may
have an effect on acoustical parameters, such as fundamental frequency (82,159).
However, no indication that the subjects” voice use was largely affected by the task
was found here.

According to the results, a possibility that language shift from L1 to L2 may
influence the speaker’s vocal use causing voice problems in the course of time has
been found, and, therefore, voice coaching in L2 would be beneficial especially to

people who use foreign languages to a large extent, e.g. professionally.

6.3 Voice quality in foreign language

The phonation type in L2 seemed to differ from that of L1. Between L2 and L1
differences were obvious in the perceptual analyses as the voices were perceptually
evaluated as having poorer voice quality, more pressed and strenuous voice
production, and higher pitch in L2 than in L1.
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It may be speculated that the strong accent or mispronunciation of some of the
L2 speakers may have affected the assessment of voice quality and strenuousity of
voice production, as some listeners stated that the mispronunciation or strong accent
was sometimes easily noticeable. However, the listeners were experienced in
perceptual analyses of voice and should be able to ignore the influence of language
and fluency of speech. The language background of the listeners may influence the
perceptual evaluation of some vocal features, for example, asthenia and strain (167),
and roughness (168) have been reported to be evaluated differently by listeners from
different languages. Neither of the studies found that language background had any
effect on the perceptual ratings of breathiness in GRBAS scale. Also, a recent study
(169) on perceptual analyses between native speakers of Finnish and Brazilian
Portuguese has found no significant differences between listeners” evaluations on
voice quality (169,170). In this study, the listeners were native Finnish speakers, and
the cultural and language background was homogenous in a way that it avoided the
possible influence of cultural and language background on the perception of voice
quality (171). However, further study on perceptual analyses of voice quality with
native English listeners is warranted to ensure that the language background has no
effect on evaluations. The scale used in this study was developed for the purposes of
the study, and the evaluated features were overall voice quality, voice production,
firmness, and pitch suitability, since these features can be expected to change in the
language shift (Study I, Study II), and, because the speakers had normal voices
instead of pathological voices, a GRBAS scale would not have been suitable. The
scale used in the study was from zero to ten. Previous studies have shown that a
numerical scale can be as suitable as a visual analog scale (VAS) (141), and in this
study the scale was even broader than the traditional GRBAS scale, which is from
zero to three (140,141). By this, the subtle changes were perhaps more easily
detectable. Also, the numerical scale was easier to fill, the perceptual analyses were
made entirely on line.

Between L1 and L2 acoustical differences were found. A decrease in NAQ and
ClQ in L2 compared to that of L1 point to increased pressedness of voice in L2 (114-
117,120). Also, the acoustical analyses and the perceptual evaluations of voice quality
correlated with each other, when acoustical parameters indicated a more pressed
voice the voice production was evaluated also as more strenuous. Furthermore, voices
with evaluated higher pitches had a correlation with a decrease in AQ, which indicate
that a raised pitch and increased pressedness of voice were at least in some cases
related. Pressed phonation may increase vocal loading (114) which may result in

increased subjective sensations of vocal fatigue.
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Important factors in vocal loading are also voicing time, FO, and SPL (29), a more
pressed phonation does not necessarily singly indicate total vocal loading. Since the
amount of voiced speech can vary between languages (Study II), the acoustical
parameters based on voicing time, FO and intensity, such as vocal doses (31,32) or
Vocal Loading Index (122), are not sufficient in studying vocal loading between two
languages, and, therefore, perceptual voice quality ratings and investigation of the
voice source characteristics are important in studying differences in vocal loading
between L1 and L2. It is, though, important to notice that when FO rises it affects
the length of the fundamental period, and for that reason, the normalized amplitude
quotient (NAQ) may be more suitable for studying the vocal loading than AQ (119).

The subjects in Group 2 had perceptually evaluated poorer voice quality, more
pressed phonation, more strenuous voice production, and higher pitch also in L1
than subjects in Group 1 (with the exception of strenuousity in text reading and of
firmness in spontaneous speech which was the same for Group! and Group 2). This
may lead to the fact that the subjects with less optimal voice use in L1 possibly were
selected to Group 2, and that these subjects also experience more symptoms of vocal
fatigue even with smaller changes in L2 than the subjects in Group 1. This question
should be addressed in further studies by studying a larger number of subjects in
order to possibly avoid the differences in voice use L1.

Speakers have articulatory and phonatory settings, and the neutral phonatory
settings are composed of modal phonation in voicing, that is, the average muscular
tension throughout the whole vocal apparatus is moderate (172). Speaking L2 seems
to set additional challenges to the vocal use that may lead the L2 speakers to use a
less optimal voice and increase the sensitivity to vocal overloading as well as vocal
fatigue, and it also causes changes in the voice that are perceptually perceivable.
Therefore, people who must speak extensively in L2 could benefit from teaching in
speech technique in L2, not only because the amount of voice use is large, but also
because speaking L2 increases the vocal overloading compared to speaking L1. Due
to the different structures and phonatory and articulatory settings in L2 compared
to that of L1, the speech technique in L1 may be insufficient, since the technique
from L1 does not always transfer to L2.
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7 CONCLUSIONS OF STUDIES

7.1 Language shift and its effect on voice characteristics

The mean FO changed, but the standard deviation or range of FO did not change in
L2 compared to L1, and the changes were to some extent related to the target
language. The reasons for the changes in FO may be due to adaptation to a certain
level the speakers consider more native like, or it can be resulted from lack of
confidence and uncertainty. People differ in their ability to observe their own voices
and the changes in it, as the subjective evaluation of change in pitch between L1 and
L2 did not always correspond to the actual changes in FO. FO range of voice is
probably very difficult for a language learner to modify which explains the results of
the standard deviation and the range of FO.

The self-estimated experience in L2 was not related to the actual changes in the
mean FO, which supports the idea of adding perceptual analyses of e.g. fluency to the
study as an evaluation of speakers” experience in the target language. The
quantification of overall experience in L2 should be further studied.

Also, it would be beneficial to study larger number of subjects as well as multiple

language pairs.

1.2 Language shift and its effect on vocal fatigue and vocal loading

The results showed that majority of the subjects experienced more vocal fatigue in
L2 than in L1. However, the vocal doses, as such, did not show more loading in L2
than in L1, which is due to the lower amount of voiced speech in L2 than in L1.
Vocal doses can be used in quantifying vocal loading in two languages but they need
to be normalized with the amount of voiced speech, since a trend was found that the
mean exposure per second was higher in L2 than in L1. Also, the trend of L1-LO
level difference indicated that the speakers” voice use changed towards more pressed,
which supported the idea of including analyses of voice quality measured by

acoustical and perceptual analyses in the study of vocal loading. Also, longer speech
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samples should be studied, since 1 minute does not necessarily reveal long term

changes in the voice use.

7.3 Language shift and its effect on voice quality

Language shift from L1 to L2 caused voice quality changes that are perceptually
observable, and acoustical findings correlated with them. Perceptual analyses showed
that speakers” voices were evaluated as more pressed in L2 than in L1, and acoustical
analyses revealed a decrease in NAQ and CIQ in L2 compared to L1 indicating
increased pressedness of voice. Also, subjects who reported more vocal fatigue in L2
than in L1 were evaluated for the most part as having poorer voice quality, more
pressed and strenuous voice quality, and higher pitch than suitable in both L1 and
L2 than the speakers who did not report having more vocal fatigue in L2 than in L1.

74 Conclusions

Speaking a language other than the native one changes the speakers” voice
production towards a more suboptimal, in terms of higher pitch and more pressed
phonation, causing symptoms of vocal fatigue and possible vocal overloading. In the
study of changes in voice use between two languages perceptual analyses as well as
acoustical analyses through inverse filtering seem to be the most efficient tool for
revealing the changes. These methods are least influenced by the different
characteristics of languages. Inverse filtering suits for research since it ignores the
articulatory differences in the vocal tract between languages. Listening tests are
supported as perceptual evaluations are in line with the acoustical findings through
inverse filtering. Also, spectral analyses may be useful, but levels must be set so that
the changes are not affected by e.g. different formant frequencies in the languages.

Speakers of foreign languages would benefit from having vocal training in the
foreign language. The optimal voice use in L1 does not necessarily shift to voice use
in L2. The group of people who could have this useful is extremely vast, since it has
been estimated that over half of the world’s population uses two or more languages
in their everyday lives (173). Communication between languages and cultures should
include training in speech technique.
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APPENDIX 1

Research request

I'm a doctoral student in vocology, Voice Research Laboratory in School of
Education at Tampere University making my dissertation on Foreign language and
its effect on voice. My research needs test subjects who have English as native
language and some skills in Finnish. The test includes 4 1-minute speech samples,
two in English and two in Finnish. The samples will be recorded in the Voice
laboratory at Tampere University. Additionally, a questionnaire will be filled. The

test takes about 20 minutes in total.

Additional information and signing up in the recordings, please contact:

kati.jarvinen(@)uta.fi

With best regards,

Kati Jarvinen
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APPENDIX 2

Questionnaire for test subjects

Questionnaire

Choose from the alternatives by clicking the circle or by writing in the box. Answer
carefully all the questions.

After answering all the questions you can send the questionnaire to the researcher by
clicking the button "Tallenna".

Background information

L

Name _l_l J

Sex
I male
I female
[ =l
Age | rl
[ =l
=

Education in Finnish language, in years JJ

Residence in a country speaking Finnish

O 0-1

1-5
5-10
10-20

TN

over 20 years



Estimated level of experience in speaking Finnish

. .
some experience

experienced

.

i .
very experienced

i .

native

Own perspective on speaking Finnish and its effects

Speaking Finnish changes the voice

O not at all
C slightly
C moderately
i

many changes
i

profound changes

Pitch changes when speaking Finnish compared to speaking English

]

much lower
somewhat lower
no changes

somewhat higher

T D

much higher

Pitch variation changes when speaking Finnish compared to speaking English

o~

much less
slightly less
no changes

some increase

T D

major increase
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Intensity changes when speaking Finnish compared to speaking English

much lower
somewhat lower
no changes

somewhat higher

TN

much higher

Variation of intensity changes when speaking Finnish compared to speaking English

™

decreases a lot
decreases somewhat
no changes

increases somewhat

TN

increases a lot

Voice tires faster speaking Finnish than speaking English

not at all
a little faster
faster

quite fast

TN

much faster

KN I N

In your opinion, what are the reasons for the changes? _Ll J
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Finnish differs from English

In articulation

How?

T D

not at all

a little
moderately
alot

very much

[ |

In accentuation

How?

T D

not at all

a little
moderately
alot

very much

Lol |

[ |

Intonation range
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TN

much narrower
a little narrower
no difference
a little wider

much wider

Lo LD



In speech tempo

much slower
a little slower
no difference

a little faster

TN

much faster

Something else? What? How? _u

Vocal resources in English

Lo LD

Voice quality

very poor
poor
not good or poor

good

7YY D

very good

Voice resonance

very poor
poor
not good or poor

good

TN

very good



Vocal endurance

very poor
poor
not good or poor

good

D

very good

Vocal expressiveness

very poor
poor
not good or poor

good

T D

very good

Vocal resources in Finnish

Voice quality

i
very poor

poor
not good or poor

good

YD

very good

\oice resonance

]

very poor
poor

not good or poor

D

good
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very good

Vocal endurance

TN

very poor
poor
not good or poor
good

very good

Vocal expressiveness

YYD

very poor
poor
not good or poor
good

very good
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Background information on voice

Voice training in speech

i
none

some
moderately

alot

T D

very much indeed

pany

If yes, what and how long —I—‘
Voice therapy

i
none

some
moderately

alot

T D

very much indeed

pans

If yes, what and how long _u
Smoking

never smoked
have smoked but stopped

smoking regularly
[ =1

If you smoke, how many cigarettes per day Jj

Tietojen l&hetys

Thank you for answering this questionnaire!
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APPENDIX 3

The English and the Finnish texts

The English text:

The island was moving all night. The fisherman’s point drifted imperceptibly a little
farther out to sea. Shudder after shudder shook the whole island like chills running
up and down its spine, and the black pool seemed to creep deeper and deeper into
the rocks. It was sucked in and out and fresh waves broke in from the sea, but the
pool never seemed to fill up. Its enormous mirror-like black eye sank lower and
lower, surrounded by a fringe of sea-grass round the edges. On the beach on the
leeward side, little field-mice ran backwards and forwards at the edge of the water,
the sand slipping away from under their paws. Boulders turned over heavily,
revealing the pale roots of the sea-pinks. At dawn the island slept. The trees had
reached the lighthouse-rock; deep holes were left where great boulders had been
before, now lying scattered among the heather. They were waiting for another night
to come so that they could roll nearer and nearer the lighthouse. The great autumn
gale continued to blow. At seven o’clock father went out to look at the boat. The
water had risen again and the southwest wind was blowing the sea higher and higher.
He found the fisherman lying rolled up at the bottom of the boat. The fisherman
twisted his bent legs over the side of the boat and tumbled on to the beach. His eyes

were just as kind and gentle as ever, and he said:”I haven’t done any harm...”

Jansson, T. 1965. Moominpappa at Sea, translated by Kingsley Hart (1993). USA:
A Sunburst Book Farrar, Straus and Giroux. 199-200.
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The Finnish text:

Saari vaelsi koko yon. Kalastajan niemi kulki huomaamatta kauemmas mereen.
Ankarat vireet puistattivat kallioselanteitd aivan kuin tumma viri kdy pitkin
vedenpintaa, ja musta lampi ryomi syvemmille alkukallioon. Se vetdytyi koristen
alaspiin ja sisddnpdin, ja aallot syoksyivit merestd yli kannaksen kiiltdvind, vihreina
vesiputouksena. Mutta lampi ei tdyttynyt. Se vetdytyi pakoon, nyt sen tumma
peilisilmid hohti kaukaa saaren uumenista meriheindripsien reunustamana.
Tyynenpuoleisessa rannassa juoksentelivat myyrit ja metsihiiret edestakaisin
vedenrajassa. Hiekka valui pois niiden tassujen alta. Kivet kddntyivit raskaasti niin
ettd rantakauran valkoiset juuret jdivit paljaiksi. Aamun sarastaessa saari nukahti.
Silloin puut olivat ehtineet majakkakallion eteen, kivipellon tilalla oli syvd kuoppa,
kokonainen armeija pyoreitd, harmaita mukulakivid oli hajallaan kanervikossa. Ne
odottivat seuraavaa yoti vieridkseen edelleen majakkaa kohti. Suuri syysmyrsky
riehui lakkaamatta. Seitsemin tienoilla isi meni katsomaan venettid. Vesi oli taas
kohonnut ja pitkd lounaistuuli nosti aallokon yhi korkeammaksi. Ja silloin isd 15ysi
kalastajan veneen pohjalta. Kalastaja nosti ryppyiset sddrensd veneen laidan yli ja
muksahti maahan. Hinen silminsi olivat lempedt ja rauhalliset hinen
mumistessaan: “En ole koskaan tehnyt mitddn pahaa...”

Jansson, T. 1965 (7th ed, 1991). Muumipappa ja meri, translated by Laila Jarvinen.
Juva: WSQOY. 161-162.
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APPENDIX 4

The comic strip for spontaneous speech samples

e T
T RTeg
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APPENDIX 5

Listening test for proficiency, fluency, and accuracy

Listen to the samples and mark after every sample with a numeral evaluation of the

speaker’s proficiency, fluency and accuracy in the English language.

subject | proficiency text reading | fluency text reading | accuracy text reading
0=no skills 0=no fluency 0=no accuracy
1=some skills 1=some fluency 1=some accuracy
2=skilled 2=fluent 2=accurate
3=very skilled 3=very fluent 3=very accurate
4=native like 4=native like 4=native like

1

2

3

4

5

6

7

8

9

10

i

12

13

14

15

16

17

18

19

20

O
\®]




subject | proficiency spontaneous | fluency spontaneous | accuracy spontaneous
0=no skills 0=no fluency 0=no accuracy
1=some skills 1=some fluency 1=some accuracy
2=skilled 2=fluent 2=accurate
3=very skilled 3=very fluent 3=very accurate
4=native like 4=native like 4=native like

1

2

3

4

5

6

7

8

9

10

1

12

13

14

15

16

17

18

19

20
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APPENDIX 6

Listening test for perceptual evaluation of voice quality, strenuousity of production,
firmness of phonation, and pitch suitability

Kuuntele nidytteet pareina, esim. nidytteet la ja 1b ovat pari. Klikkaa nidytertd
parhaiten kuvaavaa ympyrii. Jokaisessa ominaisuudessa on asteikko 0-10. (Listen to
the samples as pairs, for example, samples 1a and 1b are a pair. Click the button that

best represents the samples. Every characteristic has a scale from 0 to 10.)
Ainenlaatu O=erittiin huono, 10=erittiin hyvi
(Voice quality O=very poor, 10=very good)

Adnen tiiviys O=erittdin puristeinen, 10=erittdin vuotoinen

(Firmness O=very pressed, 10=very breathy)

Ainentuotto 0=tydlis, 10=helppo
(Voice production O=hard, 10=casy)

Korkeus O=liian matala, 10=liian korkea
(Pitch 0=too low, 10=too high)

Jokaisen ndyteparin perdssi on myos mahdollisuus kommentoida vapaasti ndytteiti,

max. 250 merkkii. (Every sample pair has a possibility to comment freely the
samples, max. 250 signs.)
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1a

AANENLAATU (VOICE QUALITY)

erittdin hUOI’IO 0 1 2 3 4 5 6 7 8 9 10 erittdin hyva
(very poor) (very good)

AANEN TIIVIYS (FIRMNESS OF PHONATION)

(]
w
v
o
~J
o
—
o

erittiin puristeinen 0 1 erittdin vuotoinen
(very pressed) SR (very breathy)
AANENTUOTTO (VOICE PRODUCTION)

tyolis 0o 1 2 3 4 5 6 7 s 9o 10 helppo

(hard) (casy)

KORKEUS (PITCH)

lilan matala 0 1 2 3 4 5 6 7 8 0 10 litan korkea
C e « . « C « « - « C .

(too low) (too high)

1b

AANENLAATU (VOICE QUALITY)
erittdin huono 0o 1 2 3 4 5 6 7 8 o 10 crictdinhyvd
(very poor) (very good)

AANEN TIIVIYS (FIRMNESS OF PHONATION)

(]
w
1
(=
-~
o0
=1
—
o

erittdin puristeinen 0 1 erittdin vuotoinen
(very pressed) A (very breathy)
AANENTUOTTO (VOICE PRODUCTION)

tyolds o 1 2 3 4 5 6 7 8 9 10 helppo

(hard)

KORKEUS (PITCH)

T . . . @ C - O . . O

(easy)

litan matala 0 1 2 3 4 5 6 7 8 9o 10 liian korkea

(too low) o c° (too high)
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Muita huomioita

(Other remarks)

Kiitos vastauksistasi.

(Thank you for your answers.)
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Speaking a foreign language and its effect on F0

KATI JARVINEN!, ANNE-MARIA LAUKKANEN! & OLLI AALTONEN?

LUniversity of Tampere, Voice Research laboratory, Tampere, Finland, and >Behavioural Sciences, Speech sciences,

University of Helsinki, Helsinki, Finland

Abstract

This study investigated whether speaking a foreign language affects the fundamental frequency (FO) of speech in 16 native
Finnish and 14 native English subjects reading a text in Finnish and in English. The speech samples were analyzed for
the mean and range of FO. Speaking a foreign language caused a change in FO for the Finnish subjects, while the result
was not as unambiguous for the English subjects. The change in FO - may be a result of adaptation to a certain pitch level
in the foreign environment. Experience in using the foreign language did not show significant correlation to the change
in FO, which suggests either individual differences in sensitivity to adaptation or difficulty in quantifying the amount of

experience.

Key words: Adapration in speech, English, Finnish, fundamental frequency

Introduction

Fundamental frequency (F0) is a widely studied
parameter in speech, which includes FO and its rela-
tion to speaker characteristics, the type of speech
used, and text materials (1). FO is determined espe-
cially at an individual level, depending on the physi-
cal characteristics of the voice production apparatus,
the vibration of the vocal folds (2), and the habitual
use of voice (3), but many linguistic features, such as
intonation, may affect the mean fundamental fre-
quency of speech (4-6).

Cultural factors can create ideals of the mean FO
of speech that are manifested in the speaker’s voice.
According to previous studies, differences between
languages and cultures can be found (7-11).The dif-
ferences in pitch can be influenced by the functions
of expression in cultures (12—-15), e.g. a relatively low
pitch is considered favorable in Finland while a
higher pitch is traditionally associated with a higher
social status in Britain (16). Differences in percep-
tion of a speaker may thus be both language- and
culture-dependent (17,18).

Not only linguistic but also non-linguistic factors
can affect the FO. Such factors have in previous studies
been mentioned as physiological and psychological

factors, such as the condition of the vocal cords (19),
physiological stress (20,21), and emotional factors
(22-26). Psychological factors, such as stress, may be
connected to the speaker’s personality traits (27).

Speaking a foreign language may have an effect
on voice and on FO. Previous studies suggest that
when speaking a foreign language FO can increase
(12,13,28,29) which can be due to the speakers’
attempt to adjust their voice. This is predominant
in the cultural environment of the target language
or a result of the fact that speaking a foreign lan-
guage may be a task more demanding than speaking
the native language, and may thus increase the level
of stress and therefore cause the fundamental fre-
quency to rise. Even with bilinguals differences
between languages have been found (8), which may
indicate that adaptation influences the pitch rather
than mere stress. Other vocal characteristics, such as
voice quality, may also be affected by the language
change (30,31).

The majority of previous studies in language
change and FO have focused on women. This current
study aimed to resolve the change in FO with men
and women when speaking a foreign language com-
pared to speaking the native language, with the
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focus on mean FO and the FO range, and whether
the subjects are aware such changes occur. Also the
experience in speaking the target language was taken
into account, for e.g. residence in a country speaking
the language may have a vast significance in the
speech production (32).

Methods
Subjects

Sixteen native speakers of Finnish (7 males and 9
females, mean ages 36 and 32 years, standard devia-
tions 13.7 and 8.8, respectively) and 14 native speak-
ers of English (8 males and 6 females, mean ages 42
and 28, standard deviations 20.6 and 8.4, respec-
tively) read aloud a 1-minute text passage in Finnish
and in English; both groups read first the text in their
native language. The texts were the same in content.
Samples with duration of 1 minute have been con-
sidered to be sufficient to establish fundamental fre-
quency and be an indication of the person’s habitual
pitch in a neutral speech situation (33).

Recordings

The recordings took place in a well-damped studio
with Bruel & Kjaer Mediator; the microphone was
placed in front of the mouth, and the distance from
the mouth was 40 cm. The signal was recorded with
Sound Forge 7.0 software, frequency rate 44.1 kHz,
amplitude range 16 bits.

Acoustical analysis

The samples were acoustically analyzed for the mean,
standard deviation, and range of FO with Praat 5.1.15
signal analysis system. Individual pitch ranges and
analysis method cross-correlation were used (www.
fon.hum.uva.nl/praat/).

Statistical analysis

PASW Statistics SPSS 18 software was used for the
statistical analysis. Related-samples Wilcoxon signed
ranks test was used for the change in FO in groups,

Mann—Whitney U test for the difference in the change
in FO between groups, and Spearman’s correlation
coefficient for the correlation between experience
in speaking the foreign language and the change
in FO, and subjective notion on the change in FO
and the actual change in F0. The significance level
was 5%.

Questionnaire

The subjective notions of the possible differences
between speaking the two languages as well as the
education and experience in the foreign language
and residence in a country speaking the foreign lan-
guage were asked by a questionnaire Appendix 1
Overall experience was calculated from education,
residence, and own estimated level of experience by
arbitrarily converting the answer into one measure,
the minimum score being then 2 and maximum 12
in overall experience.

Results

When the change in FO between the native and the
foreign language was calculated in percentages, a
significant difference between groups was found,
P=0.008.

As shown in Table I, mean FO was significantly
higher in the target language for the Finnish subjects,
P=0.001, but for the English subjects the change
was not statistically significant.

FO changed for the Finnish subjects significantly
in English compared to Finnish, males P=0.028 and
females P=0.011. For the English males or females
the change was not statistically significant. Change
of language did not show significant changes in FO
standard deviation or FO range in either groups or
between groups (Table II).

Twelve (75%) of the Finnish subjects thought
that they used a higher pitch when speaking English
than in Finnish speech; only two persons considered
that they had a lower pitch in English than in Finn-
ish. Two of the Finnish subjects had not noticed a
difference in pitch between Finnish and English.
Eight (57%) of the English subjects considered
themselves to have a lower pitch in Finnish than in

Table I. Means and standard deviations for change in FO (%), change in standard deviation of FO (%), and change

in FO range (%) for Finnish and English subjects.

FO change %

FO standard deviation

FO range change %

X (SD) P change (%) X (SD) P X (SD) P
Finns (n=16) 4.00 (3.97) 0.001 1.94 (9.99) ns 0.82 (11.20) ns
English (n=14) 0.84 (4.64) ns -3.74 (12.52) ns —0.26 (7.48) ns

ns = not significant.
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Table II. Means and standard deviations for FO, change in FO (%), standard deviation of F0, change in standard deviation of FO (%), FO

range, and change in FO range in native and foreign language.

FO (Hz) standard FO (Hz) standard
deviation in
native X (SD)

FO (Hz) in FO0 (Hz) in
native X (SD) foreign X (SD) P

FO range (Hz) FO range (Hz)
in native in foreign
X (SD) X (SD) P

deviation in
foreign X (SD) P

Finnish males  102.97 (20.92) 106.35 (22.61) 0.028  14.54 (4.03) 14.98 (4.66) ns 99.83 (20.64) 98.51 (21.11) ns
Fir(lzlli:slz)females 180.94 (16.26) 188.89 (14.14) 0.011  24.04 (4.54) 24.18 (4.63) ns 171.83 (35.14) 173.36 (32.43) ns
En(gnli:hginales 105.26 (14.24) 105.87 (13.53) ns 16.64 (6.06) 16.12 (5.81) ns 117.25 (30.31) 115.84 (32.13) ns
En(gli:hS)females 201.56 (12.61) 199.79 (13.76) ns 27.35 (7.27) 25.65 (7.03) ns 192.83 (40.66) 195.19 (46.51) ns

(n=16)

ns = not significant.

English, two to have a higher pitch in Finnish than
in English, and four had not noticed a change in
pitch between languages (Figure 1).

The subjective notion of how the pitch changes
when speaking the target language did not show sig-
nificant correlation with the actual change in FO.

Experience in the target language consisted of
education, residence, and own estimation of the level
of experience in speaking the language. The Finnish
subjects had a longer formal education in English than
the English subjects had in Finnish (mean 14 and
0.7 years, respectively). The residence in a country
speaking the target language was much longer for

the English subjects (57% more than 5 years) than the
Finns (100% 0-5 years). The Finnish subjects consid-
ered themselves to be more experienced in speaking
English than the English subjects in speaking Finnish
(Table III).

Experience in speaking the target language did not
show significant correlation with the change in FO.

Discussion and conclusions

The mean FO of speech changed when speaking a
foreign language compared to speaking the native
language, and the change seemed to be somewhat

12,00

10,00 4

5,004

6,00 -

4,00 4

2,00 +

Change in FO (%)

0,00

-2,00

-4,004

-6,00 4

M Change in FO (%)
Subjective

aanoalgns

- 2,00
1,00

n 0,00

[[ - -1,00

- -2,00

Finnish

English

Native language

Figure 1. Distributions of change in FO (%) and subjective notions of how pitch changes when speaking the target language compared to
speaking the native language (-2 = much lower, —1 = somewhat lower, 0 = no changes, 1 = somewhat higher, 2 = much higher).
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Table III. Means in experience in speaking the target language.

Education Own Total
(years) Residence estimation experience
Finns 14.0 1.25 1.63 6.5
English 0.7 2.93 0.57 4.3

Total experience is calculated from education (1 =0-1 year, 2=
1-5 years, 3 = 5-10 years, 4 = over 10 years), residence (1 =0-1 year,
2 =1-5 years, 3 =5-10 years, 4 = 10-20 years, 5 = over 20 years),
and own estimation of level of experience (0 =some experience,
1 =experienced, 2=very experienced, 3 = native-like); total
experience: minimum score 2 and maximum score 12.

related to the target language. The use of pitch and
its range can be gender- and culture-related (34),
which can guide the non-native speakers to a certain
pitch level. On the other hand the change in FO was
significantly different between the two groups. This
might also be evidence of a certain kind of adapta-
tion, since the English-speaking subjects’ change in
FO was towards a lower FO in Finnish than in Eng-
lish. Speech Accommodation Theory argues that
people often modify their speech characteristics in
interaction. Adaptation can occur as linguistic and
non-verbal behavior between communicators. Both
children and adults tend to adapt features, such as
pitch, in their speech to match the interlocutor’s
speech (35-37).The rise of FO in speaking the target
language can also be a result of uncertainty, for lack
of confidence can be signaled by a higher FO (38),
and it is possible that speaking a language other than
the native one is a more demanding task and there-
fore can cause uncertainty in the speaker. The range
of FO did not change between languages, which can
be caused by the fact that the range of FO is some-
what constant in speech, and therefore a difficult
characteristic to change consciously or uncon-
sciously. In this study no correlation with experience
and the changes in FO was found, which may indi-
cate that people have individual differences in sen-
sitivity to adaptation, or it may reflect difficulty in
quantifying experience in the use of the target lan-
guage. The quantifying overall experience needs to
be studied further. The subjects varied considerably
in their education in the foreign language as well as
in their residence, so it might be reasonable to view
these factors separately. Also the task in this study
(text-reading) may have influenced the FO and the
range of FO, because the task can affect the funda-
mental frequency (15,39). A further study with a
larger number of subjects is warranted. It might be
appropriate in the future to include speech samples
based on something other than reading a text and
to investigate the effects of age and fluency of the
speakers.

Declaration of interest: This study was supported
by the University of Tampere. The authors report no
conflicts of interest.
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Abstract

Aims: This study investigated whether speaking a foreign lan-
guage affects the subjective notions of vocal fatigue, and
whether acoustic measurements reveal a higher vocal load-
ing. Methods: The speech samples of 20 native Finnish-speak-
ing and 23 native English-speaking subjects were recorded in
Finnish and in English. From the speech samples, fundamental
frequency, equivalent sound level, total duration of voiced
speech, speech rate, alpha ratio and L1-LO level difference
were analyzed. Vocal doses were calculated. Results: Accord-
ing to subjective notions, the voice gets tired more quickly
when speaking a foreign language. The mean fundamental
frequency increased but the speech rate and total duration of
voiced speech decreased significantly when speaking a for-
eign language. Thus, the vocal doses decreased. Conclusions:
The subjective sensations of increased vocal fatigue may be
due to increased mental stress rather than to higher vocal
loading. However, a trend that speaking a foreign language
may involve more loading was found in L1-L0 level difference
and in the doses normalized to time dose. Longer speech sam-
ples should be studied. Voice quality-based indicators of vocal
loading are worth testing in addition to the measures based
on the amount of voicing in speech. ©2015 S. Karger AG, Basel

Introduction

Skills in foreign languages are needed in multicultural
societies and globally. Speaking a language other than the
native one requires the speaker to adapt to different
speech sounds and prosodic systems and to the vocal ide-
als of other cultures [1]. Contrastive research in language
learners’ production and perception of a foreign language
has to a large extent focused on the accuracy of perfor-
mance in the target language or the influence of the native
language on the target language [for examples, see 2-5;
for examples of differences between Finnish and English,
see 6-8]. Voice parameters are prone to be affected by a
language change between native and foreign languages.
Parameters previously considered include mean funda-
mental frequency (F0) [9-11], FO range [12] and sound
energy distribution along frequencies [13, 14]. People
who use foreign languages to a large extent, e.g. profes-
sional interpreters and simultaneous translators, have
complained about symptoms of vocal fatigue and mental
tiredness after prolonged use of the foreign language [15].
This leads to the question whether speaking a foreign lan-
guage is vocally more loading than speaking the mother
tongue.

Vocal overloading is regarded as resulting from a com-
bination of loading factors such as excessively prolonged
voice use, high pitch and intensity, and a pressed type of
phonation [16, 17]. Loading factors imply a higher impact
stress on the vocal fold tissue. A higher alpha ratio (the
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ratio of spectral energy below and above 1,500 Hz) [18]
and alower sound level of the F0 region in relation to that
of F1 [19] may indicate a more pressed phonation type
[18, 20].

Previous studies have proposed different parameters
for quantifying vocal loading, such as FO and sound pres-
sure level (SPL) [21], vocal loading index (VLI, FO x FO
time/1,000, i.e. the number of vocal fold periods in kilo-
cycles) [22], phonation threshold pressure [23] and char-
acteristics of vocal fold vibration [24]. Five vocal doses
based on F0, SPL and voicing detection have been intro-
duced for quantifying the amount of vocal loading [25,
26]. The doses are: the time dose (Dy) as an indication of
total voicing time, the cycle dose (D.) indicating the total
number of vocal fold oscillatory cycles (i.e. the same as
VLI times 1,000), the distance dose (D4) which indicates
the total distance that vocal folds travel in an oscillatory
path, the energy dissipation dose (D,) indicating the total
amount of dissipation of heat energy in the vocal folds,
and the radiated energy dose (D,) which indicates the to-
tal acoustic energy that radiates from the mouth.

In studying the effects of vocal loading, self-reported
vocal loading symptoms [18] and psychological stress
[27] should be considered in addition to acoustical analy-
sis. Individual factors, such as gender, endurance, gen-
eral health, life habits, vocal skills, and experience and
personality, affect the voice [28] and may contribute to
the effects of vocal loading.

This study investigates whether speaking a foreign lan-
guage affects subjective notions of vocal fatigue and
whether signs of increased vocal loading can be seen in
acoustical analysis. The first foreign language that Finn-
ish school children nowadays start studying is English; in
2009, 90% of children in school (attending the third class
at the age of 8-10 years) chose English as their first for-
eign language [29], so it seemed logical to consider Finn-
ish and English in the present study.

Some characteristic differences between Finnish and
English include differences in phonemes (English does
not have /y/, Finnish does not have voiced affricate /d3/),
differences in articulation (e.g. Finnish /r/ is a voiced
tremulant, while in English, it is often realized as an ap-
proximant /1/, and vowels have different formant fre-
quencies), and the fact that Finnish has short/long vowel
opposition while English has quality opposition in vowels
to distinguish meaning. Furthermore, Finnish has no as-
piration of consonants as a distinctive feature. The Finn-
ish language mainly uses interrogatives to mark ques-
tions, while English uses intonation type. In Finnish in-
tonation, the highest peak in the FO contour is typically
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located at the start of a sentence and the end of the sen-
tence is low. Also, the intonation range is narrower in
Finnish than in English [6, 30-32].

Methods

Subjects and Tasks

Forty-three subjects (mean age 37.8 years, SD 16.4, range 19—
73; Finnish subjects’ mean age 39.8 years, SD 15.9, range 19-69;
English subjects’ mean age 36.0 years, SD 16.9, range 21-73) par-
ticipated in this study. Twenty of the subjects were native Finnish
speakers (8 males and 12 females), and 23 were native English
speakers (14 males and 9 females); the subjects were not simulta-
neous bilinguals but had learned the foreign language later. The
English-speaking subjects came from different regions, with the
majority of them being native speakers of American or British
English. All subjects were recruited in Finland, and the English
subjects were living in Finland at the time of the study. The subjects
read aloud from a text for 1 min first in the native language (Finn-
ish or English) and then in the foreign language (English or Finn-
ish). The texts were the same in content in both languages. After
reading the texts, the subjects recorded a sample of spontaneous
speech in both languages, the task being a description of a comic
strip. The duration of the spontaneous speech samples varied be-
tween 21.5 s and 1 min (mean 42.9 s) in the native language and
between 26 s and 1 min (mean 43.6 s) in the foreign language. The
spontaneous speech samples were gathered from 40 subjects; 3 of
the English-speaking subjects were not proficient enough to pro-
duce spontaneous speech in the foreign language. For dose mea-
surements, samples of the same duration were analyzed in both
languages.

After the recordings, the subjects filled in a questionnaire col-
lecting background information and their opinion whether speak-
ing a foreign language affects their voice use and whether the voice
gets tired faster in foreign language than in native language use
(vocal fatigue). According to the answers to the questionnaire, the
subjects’ mean duration of formal education in the foreign lan-
guage was 6 years (SD 8.4, range 0-40). The wide range in the du-
ration of education is explained by the fact that some subjects were
teachers of English at the university and, thus, most likely consid-
ered language learning as an ongoing process. Half of the subjects
had resided in a country of the foreign language for <1 year (51%),
35% from 1 to 10 years and 14% for >10 years. Half of the subjects
(50%) considered themselves as having some experience in speak-
ing the foreign language, 43% as being experienced or very expe-
rienced and 7% as being native-like. Eighty-five percent of the
Finnish subjects had >5 years of education in the foreign language
and 60% of the English subjects <5 years. Seventy-five percent of
the Finnish subjects had resided in an English-speaking country
for <1 year, while 70% of the English subjects had resided in Fin-
land for >5 years. Forty percent of the Finnish subjects and 9% of
the English subjects considered themselves as very experienced or
native-like in speaking the foreign language..

Recordings and Analyses

The recordings took place in a well-damped recording studio
using a combined level meter and microphone (Bruel and Kjaer
Mediator, type 2206), placed in front of the subject at a distance
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of 40 cm from the mouth. The signal was recorded with Sound
Forge 7.0 software, using 44.1-kHz sampling frequency and 16-
bit amplitude quantization. The signal was calibrated for calcula-
tion of equivalent sound level (Leq) by recording a reference
tone.

From the speech samples, the mean F0, Leq, speech rate (syl-
lables per second), total duration of voiced speech (unvoiced seg-
ments and pauses excluded) and VLI were analyzed. The alpha
ratio was calculated by subtracting the Leq within the range of
1.5-5 kHz from that of the range from 50 Hz to 1.5 kHz, and the
level difference between L1 (peak in the first formant region be-
tween 300 and 1,200 Hz) and LO (peak in the FO region between 0
and 300 Hz) was measured from long-term average spectra (LTAS,
pitch-corrected, unvoiced segments excluded). For the acoustical
analyses, the Praat speech analysis system was used [33]. The dose
measures were used to quantify vocal loading. For the dose mea-
surements, Leqy ., was converted to Leqsg ¢ by using the formu-
la Leqsg cm = Leqgo em — 10-1log v/ 40/50. The time resolution for dose
measurements was 0.01 s.

Two native listeners (1 native Finnish and 1 native English
speaker) listened to each subject’s samples in the foreign language
and evaluated the speaker’s skill, fluency and accuracy in the lan-
guage on a scale from 0 to 4, with 0 representing no skill/fluency/
accuracy and 4 representing native-like speech. A variable reflect-
ing proficiency was created by combining the three variables into
a sum of the variable.

The difference between the native language and the foreign lan-
guage in acoustical parameters was calculated by subtracting the
measure in the native language from the corresponding measure
in the foreign language, which results in a negative number if the
measure is higher in the native language. For statistical analyses,
the Wilcoxon signed-rank test was used for testing the signifi-
cance of difference in parameters between the languages, and
Spearman’s correlation coefficients for studying the relations be-
tween self-reported notions and perceptual evaluations and
acoustic parameters. The analyses were carried out with SPSS 18
software.

Results

The majority of subjects (79%) considered that the
voice is affected by the language shift. Nineteen percent
of those noticed only slight changes. Only 2% of the sub-
jects did not notice any voice changes when speaking the
foreign language compared to speaking their mother
tongue (table 1).

Only 30% of the subjects reported no effect on voice
fatigue while speaking the foreign language (table 1).

The subjects’ estimation of the level of experience in
speaking the foreign language had a mild negative corre-
lation with the estimation of vocal fatigue (r = -0.48, p <
0.01). The level of experience correlated with education
for the Finnish subjects (r = 0.55, p < 0.05) and with the
duration of residence for the English subjects (r = 0.66,
p < 0.01).

Vocal Loading in Speaking a Foreign
Language

Table 1. Subjects’ notions (%) on voice differences, vocal fatigue
and quality of voice between native and foreign languages

The voice changes when speaking the foreign language
compared to the native language

notatall slightly =~ moderately = many profound
changes changes
n=43 2.3 18.6 44.2 30.2 4.7
The voice tires faster in the foreign language than in the native
language
notatall alittle faster quite fast  much faster
faster
n=43 30.2 34.9 16.3 7.0 11.6
Voice quality in the native language
Very poor poor neither good good very good
nor poor
n=42 0.0 2.4 33.3 52.4 11.9
Voice quality in the foreign language
very poor poor neither good  good very good
nor poor
n=42 23 18.6 44.2 34.9 0.0

Table 2. Native listeners’ evaluation (%) of subjects’ proficiency in
the target language

No Some Proficient Very Native-

proficiency proficiency proficient like
Finnish (n=20) 5.0 20.0 30.0 35.0 10.0
English (n =23) 13.04 30.44 43.48 13.04 0.0
Male (n = 22) 13.64 13.64 40.90 27.27 4.55
Female (n=21) 4.76 38.10 33.33 19.05 4.76

The majority of the subjects were evaluated as profi-
cient in the foreign language: the Finnish subjects were
evaluated more proficient than the English subjects, and
males a little more proficient than females (table 2).

No correlation was found between perceived profi-
ciency and the age or sex of the speaker. However, there
was a moderate correlation between self-evaluated expe-
rience and proficiency ratings by native listeners (r = 0.54,
p < 0.01) and a slight negative correlation between the
self-reported notion of vocal fatigue and proficiency (r =
-0.34, p < 0.05). Proficiency correlated moderately with
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Table 3. Medians and statistical significance (p values) of differences in acoustical parameters from text reading and spontaneous speech

between the native and the foreign language

FO, Hz p Leqso cm, dB p  Alpha ratio, dB p L1-Lo,dB p

native foreign native foreign native  foreign native  foreign
Text (n = 43) 154.78 156.50 * 68.10 68.67 -20.36 -20.47 -3.08 -3.75
Spontaneous (n = 40) 154.96 158.12 67.86 68.11 -19.71 -18.86 -4.32 -3.40  **

Voiced, % p Speech rate, syllables/s p  Dgs p VLI p

native foreign native foreign native  foreign native  foreign
Text (n = 43) 51.39 47.55 k425 2.88 ** o 30.65 2848 k454 3.88
Spontaneous (n = 40) 44.85 37.96 k340 2.50 1891 15.49 w278 2.46

D, cycles p Dgm p D, mJ/cm’® p D.,mj

native foreign native foreign native  foreign native  foreign
Text (n =43) 4,535.35 3,877.63 w1577 13.75 k752 8.47 0.54 0.48
Spontaneous (n =40) 2,780.83 2,460.77 ** 9.23 7.13 ** 446 4.01 ** 0 0.26 0.24

*p <0.5,* p <0.01, Wilcoxon signed-rank test.

Table 4. Medians of vocal doses per second and statistical significance (p values) of differences between the native and the foreign
language for all subjects, for Finnish and English subjects, and for male and female subjects

VLI/Dy keycles/s p Da/D¢ m/s p D./D;, mJ/cm?®/s D,/D¢, m]/s P
native  foreign native  foreign native foreign native  foreign
All
Text (n =43) 0.155  0.156 * 0483  0.481 0.254 0.291 0.016  0.018
Spontaneous (n = 40) 0.155  0.158 0.471  0.464 0.265 0.268 0.016  0.018
Finnish
Text (n = 20) 0.167  0.177 * 0466 0474 0.222 0.248 0.017  0.019
Spontaneous (n = 20) 0.162  0.163 0.463  0.464 0.250 0.259 0.016  0.021 *
English
Text (n =23) 0.137  0.123 0.510  0.511 0.324 0.331 0.016  0.015
Spontaneous (n = 20) 0.133  0.132 0.477  0.463 0.288 0.280 0.015 0.013
Males
Text (n = 22) 0.109  0.110 0.466  0.432 0.525 0.474 0.015  0.012
Spontaneous (n = 20) 0.110  0.109 0.425  0.397 0.453 0.409 0.012  0.010
Females
Text (n =21) 0.1888 0.1889 * 0.539 0.547 0.176 0.180 0.024  0.021
Spontaneous (n = 20) 0.191 0.187 0.498  0.536 0.152 0.177 0.018  0.028
*p < 0.05, Wilcoxon signed-rank test.
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experience for the Finnish subjects (r = 0.55, p < 0.05) and
slightly with residence for the English subjects (r = 0.44,
p < 0.05).

The acoustical parameters showed some significant
differences between the native language and the foreign
language. FO was significantly higher in the foreign lan-
guage than in the native language in text reading. The L1-
LO level difference showed significant differences be-
tween the native language and the foreign language in
spontaneous speech only, but there seemed to be a trend
that the alpha ratio was lower and the L1-L0 level differ-
ence higher in the foreign language compared to the na-
tive language. Changes in the alpha ratio and the L1-L0
level difference did not correlate with changes in Leq. The
amount of voiced speech and the speech rate were sig-
nificantly lower in the foreign language than in the native
language. The D,, D, and D4 dose measures showed sig-
nificant differences being lower in the foreign language
than in the native language (table 3). Age and sex did not
correlate with the changes in acoustical parameters.

The dose measurements were gathered from continu-
ous speech with different voicing times, so it was useful
to normalize the VLI and D. Significant differences were
found only in VLI/D; for all subjects and in D,/D; for
Finnish subjects. English and male subjects showed no
significant changes. Females showed significant changes
in VLI/D; (table 4).

Discussion

Acoustical changes do not always correlate with the
subjective sensations of vocal fatigue [18], and a specific
cause of subjective sensations is not always apparent.
Speaking a foreign language is probably a more stressful
task than speaking the native one, which can lead to an
increase in phonatory and articulatory effort, causing vo-
cal overloading and, thus, symptoms of vocal fatigue. On
the other hand, the mental effort itself may lead to a sub-
jective sensation of vocal overloading [34]. It is also pos-
sible that the subjects are not always capable of differen-
tiating between tiredness of the articulators and that of
the voice. The subjects of the present study reported that
their voice was getting tired faster in the foreign language
than in the native language. The quality of voice was also
reported as poorer in the foreign language than in the na-
tive language. The acoustical parameters which indicate
vocal loading showed some evidence that speaking the
foreign language showed more loading than speaking the
native one. The normalized dose measures showed sig-

Vocal Loading in Speaking a Foreign
Language

nificant changes only in VLI/Dy in text reading which cor-
responds to changes in FO [26]. However, the differences
between the native language and the foreign language
show a trend that the mean exposure per second tends to
be higher in the foreign language than in the native lan-
guage, which may indicate that speaking a foreign lan-
guage may, in fact, increase vocal loading. Finnish and
female speakers showed a clearer trend towards increased
vocal loading due to a larger FO change. Earlier results by
Jarvinen et al. [9] suggest that an FO change in language
shift is somewhat gender and language dependent: wom-
en seemed to have more distinctive changes in FO be-
tween languages than men, and Finnish speakers more
distinctive than English speakers. The trend of a higher
L1-LO0 level difference in the foreign language may be re-
lated to different formant frequencies in the languages
[35]. However, it may also indicate a more pressed pho-
nation [36], which has been regarded to increase the risk
of vocal loading and voice disorders [34]. It seems that a
language shift from the native to the foreign language
may influence the speaker’s vocal use in such a way that
it may cause voice problems in the long run, and, there-
fore, people who use foreign languages to a large extent,
e.g. professionally, may benefit from voice coaching in
the target language.

F0, SPL and the duration of voiced speech are consid-
ered to be major factors in vocal loading [25] since exces-
sive vibration (in terms of number and amplitude of vocal
fold collisions) may cause damage to the vocal fold tissue
[26]. In this study, FO was significantly higher in the for-
eign language, which may contribute to the vocal loading
and to the subjects’ notion on it, too. An increase in FO
may also indicate a higher mental load [37]. The results
obtained for the amount of voiced speech were in line
with previous studies that have shown it to be approxi-
mately 50% of the total amount of speech [38] and to be
lower in the foreign language than in the native one [26].
The change in the amount of voiced speech can be related
to the fact that the speech rate is lower in the foreign lan-
guage than in the native language, e.g., according to
Spilkova and van Dommelen [39], the word duration is
longer for foreign language than for native language
speakers.

A negative correlation between self-reported vocal fa-
tigue and the level of experience in speaking the foreign
language was found. This may indicate that the subjects
with less experience in speaking the foreign language con-
sider the task somewhat more stressful, and, therefore,
their sensitivity to observe symptoms of vocal (and/or ar-
ticulatory) overloading increases.
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It seems natural that the length of residence in a coun-
try would improve the spoken language performance, and
Flege and Liu [40] have provided such results. Not only
the length of residence, but other factors, such as the age
when the foreign language studies have begun [5], or the
amount of language use [3], may affect the performance
in the foreign language. In the present study, a correlation
between residence and self-evaluated experience in lan-
guage use was found for the English subjects, and, for the
Finnish subjects, between experience and education. This
may indicate that the Finnish subjects considered that ex-
perience in a foreign language is acquired by education or
that the amount of formal education increases the Finnish
speakers’ self-confidence as language users. The English
subjects had little to no education in Finnish so their ex-
perience had been gained through residence in Finland.

The speech doses that are based on voicing time are
not necessarily sufficient for a comparative investigation
of vocal loading in speaking different languages. Some
other parameters, like voice quality, should also be taken
into account in the investigation of vocal loading. Thus,
perceptual analyses should be included to provide infor-
mation on the speakers’ phonation type [41] and on the
possible vocal impairment due to vocal overloading after
a prolonged voice use in the foreign language compared
to that in the native language. More detailed acoustic
analysis, e.g. through inverse filtering, is also warranted.
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Previous studies have shown that the type of the speak-
ing task, i.e. text reading versus spontaneous speech, may
have an effect on acoustical parameters, such as funda-
mental frequency [42, 43], but, according to the results of
the present study, there was no indication that the sub-
jects’ voice use was largely affected by the task. Longer
speech samples would be worth studying.

Conclusions

The majority of subjects in the present study experi-
enced that speaking a foreign language causes their voic-
es to get tired faster than speaking the native language.
The acoustical vocal doses, however, were lower in the
foreign language due to a lower amount of voiced speech.
The results suggest that either the reason for increased
vocal fatigue in speaking a foreign language is mental
stress and not changes in the speaking style or that vocal
loading in two languages cannot be sufficiently deter-
mined through acoustical dose estimation which is based
on the amount of voiced speech.
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Voice Quality in Native and Foreign Languages
Investigated by Inverse Filtering and Perceptual

Analyses

*Kati Jarvinen, *Anne-Maria Laukkanen, and TAhmed Geneid, *Tampere and Helsinki, Finland

Summary: Objectives. Language shift from native (L1) to foreign language (L2) may affect speaker’s voice pro-
duction and induce vocal fatigue. This study investigates the effects of language shift on voice source and perceptual
voice quality.

Study Design. This is a comparative experimental study.

Subjects and Methods. Twenty-four subjects were recorded in L1 and L2. Twelve of the subjects were native Finnish
speakers and 12 were native English speakers, and the foreign languages were English and Finnish. Two groups were
created based on reports of fatigability. Group 1 had the subjects who did not report more vocal fatigue in L2 than in
L1, and in group 2 those who reported more vocal fatigue in L2 than in L1. Acoustic analyses by inverse filtering were
conducted in L1 and L2. Also, the subjects’ voices were perceptually evaluated in both languages.

Results. Results show that language shift from L1 to L2 increased perceived pressedness of voice. Acoustic analy-
ses correlated with the perceptual evaluations. Also, the subjects who reported more vocal loading had poorer voice
quality, more strenuous voice production, more pressed phonation, and a higher pitch.

Conclusions. Voice production was less optimal in L2 than in L1. Speech training given in L2 could be beneficial

for people who need to use L2 extensively.
Key Words: L1-L2-voice source—vocal fatigue.

INTRODUCTION
Speaking a foreign language (L2) can impose a number of chal-
lenges for the non-experienced speakers. Such challenges are
not only limited to the mental stress associated with speaking
a foreign language but also include possible effects on voice that
are not encountered while speaking the native language (L1).

According to earlier studies'” and clinical observations, people
often report experiencing more symptoms of vocal fatigue when
they speak a foreign language than when they speak their native
language. It has been hypothesized that the experience may be
related to the fact that more mental stress is associated with speak-
ing a foreign language.’ Therefore, either all sensations of fatigue
may be intensified, or mental stress itself results in a more taxing
speech production (increased phonatory and articulatory effort),
which causes overloading of the vocal organ.

Whether or not mental stress is involved, a shift from one lan-
guage to another is prone to cause changes in voice and speech
parameters. In earlier studies, for instance, a change in mean fun-
damental frequency and pitch range has been reported.”® Changes
in voice spectrum have also been observed, as measured by the
shape and slope of long-term average spectrum (LTAS), and the
level difference between the first harmonics and noise-to-
harmonics ratio.**!

Mechanical loading posed on the vocal folds increases with
fundamental frequency (FO0), intensity, and degree of adduc-
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tion of the vocal folds.!" The degree of adduction corresponds
to phonation type (breathy having a low adduction and pressed
showing a high adduction). The amount of vocal loading has been
quantified by calculating vocal doses.'>"* Vocal doses are mea-
sures based on fundamental frequency, sound pressure level, and
voicing time. A previous study' applied vocal doses on the study
of vocal loading in L1 and L2. Contrary to the expectations, the
vocal doses decreased in L2. This was due to the fact that the
total duration of voiced speech decreased significantly when
speaking a foreign language. The time of voicing may be related
to speech tempo and also to the ratio between voiced and voice-
less sounds in a particular language. Therefore, calculation of
doses as such does not seem to be sufficient to reflect vocal
loading in speaking a foreign language. However, it was found
in Jdrvinen et al' that the mean exposure per second tended to
be somewhat higher in L2 than in L1, which suggests that speak-
ing a foreign language may be more loading than speaking L1.
LTAS results also seemed to point toward the same direction.
A higher level difference between the peak in the first formant
region between 300 and 1200 Hz and the peak in the FO region
between 0 and 300 Hz in L2 was found,' possibly indicating a
more pressed phonation. That, in turn, is considered to be one
factor in vocal loading, in addition to high pitch and intensity,
and excessively prolonged voice use.'*"

The present study continues the previous one. Here the pho-
nation type is studied by applying inverse filtering, which reveals
voice source, that is, the airflow pulses that are generated by the
vibration of the vocal folds.'® Inverse filtering was developed in
the late 1950s by Miller."” The source-filter approach is based
on the ideas that the source and the filter are independent of each
other, and speech consists of three separate and independent pro-
cesses: glottal excitation, vocal tract filter, and lip radiation.'®
Rothenberg" introduced an inverse filtering method that esti-
mates the airflow out of the mouth through a mask that avoids
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the lip radiation effect. The iterative adaptive inverse filtering
(IAIF), developed by Alku,” is one of the methods where the
glottal flow signal is estimated from a corresponding acoustic
speech pressure signal.

The following are the research questions of the present study:
(1) Is the perceived phonation quality more pressed when speak-
ing a foreign language (L2) than when speaking the native one
(L1). (2) Do the characteristics of the voice source (revealed
through inverse filtering) differ between L1 and L2? (3) Do the
subjects who report more vocal fatigue in L2 than in L1 have
more pressed phonation in L27?

METHODS

Participants and recordings

Originally, 43 subjects in total participated in the study. Twenty
of the subjects were native Finnish speakers and 23 were native
English speakers, and the foreign languages used were either English
or Finnish. A questionnaire about vocal fatigue experienced when
speaking L1 and L2 was filled in by all the subjects. Based on the
answers to the questionnaire, we picked out 12 subjects (six men
and six women) who reported that language shift from L1 to L2
does not increase vocal fatigue (group 1, G1), and another 12 sub-
jects (also 6 men and 6 women) who instead reported more vocal
fatigue in L2 than in L1 (group 2, G2). In G1, three of the sub-
jects were native English speakers and nine were native Finnish
speakers, and in G2 nine of the subjects were native English speak-
ers and three were native Finnish speakers. The mean age for G1
was 31.6 (standard deviation [SD]: 9.1), and for G2 it was 35.6
years (SD: 15.4). The subjects in G1 considered themselves as
more experienced in speaking L2 than the subjects in G2: 50% of
the subjects in G1 considered themselves as very experienced or
native like, whereas 83% of the subjects in G2 considered them-
selves to have only some experience.

The recordings took place in a well-damped recording studio
using a combined level meter and microphone (Bruel et Kjer
Mediator, Type 2206, Copenhagen, Denmark). The micro-
phone was placed 40 cm from the mouth. Sound Forge software
(Sony Creative Software Inc, Middleton WI, USA) was used.
The input frequency was 44,100 Hz, and the amplitude quan-
tization was 16 bits. One-minute text reading and spontaneous
speech samples in L1 and L2 were recorded. The texts were the
same in content in both languages, and the spontaneous speech
samples were recorded from a description of a cartoon using the
same picture for both languages.

Perceptual analyses

From the speech samples, one sentence (from 5 to 8 seconds in
duration) was extracted for the listening analysis. The text ex-
tracts for L1 and L2 were taken from the same place in the text.
Three experienced vocologists listened to each subject’s samples
in L1 and L2. The samples were replayed in random order, but
the same speaker’s L1 and L2 samples were always presented in
pairs. Half of the samples had L1 sample first, and half L2 sample
first. Two persons’ samples in text reading and in spontaneous speech
were repeated in order to study the intra-rater reliability of the per-
ceptual analysis. The listeners first listened to the text reading samples

and then to the spontaneous speech samples. After every sample
pair, the listeners set a mark on a scale from 0 to 10 reflecting
four voice characteristics: general voice quality (0 = very poor —
10 = very good), strenuousity of voice production (0 = very stren-
uous — 10 = very easy), firmness of phonation (0 = very pressed
— 10 = very breathy), and suitability of the pitch for the speaker
(0 =too low — 10 =too high).

Acoustic analyses

Short stressed vowels (/a/ in Finnish and /a/ in English) were
extracted in three different phonetic contexts both in text reading
and in spontaneous speech. The length of the extracted vowels
was 0.045 seconds. The extracted vowels were inverse-filtered
by TKK Aparat software,”’ which has been developed for IAIF
inverse filtering of speech pressure signal.” The formant and lip
radiation effects were manually set for every vowel in the inverse
filtering. The low frequency noise cutoff was set at 80 Hz, and
changed if necessary. In the acoustic analyses, the mean of each
acoustic parameter of the three vowels per text type was calcu-
lated for every subject.

The following time and amplitude-based parameters were
studied from the inverse-filtered signal (Figure 1): (1) open quo-
tient (OQ), which measures the glottal open phase in comparison
to cycle duration; (2) closing quotient (C1Q), which is the ratio
between the duration of the glottal closing phase to the period
length; (3) speed quotient (SQ), which is the ratio between the
duration of the opening phase and the duration of the closing
phase, and two amplitude-based parameters; (4) amplitude quo-
tient (AQ), which is the ratio of the peak-to-peak amplitude of
the flow (Aac) and the minimum peak of the pulse derivative
(Admin); and (5) normalized amplitude quotient (NAQ), which
is the AQ divided by period length.'¢20>>23

It is common to find that the opening phase has rather two
opening instants (t,; and t,; in Figure 1) after the closed phase
with a possible (knee) shaped waveform in the beginning of the
opening phase. Accordingly, OQ1 is calculated from the primary
opening instant, whereas OQ?2 is calculated from the second-
ary opening instant.** Similarly, SQ1 is calculated from the
primary opening instant, whereas SQ2 is calculated from the sec-
ondary opening instant. If a flow pulse did not show two opening
instants, then the two opening instants were actually one rather
than two separate ones. In such a case, OQ1 = 0Q2 and
SQ1 =SQ2.

According to earlier studies, phonation quality is signaled by
various voice source parameters as follows. Breathy voice implies
increased open quotient.” %’ The properties of the closing phase
most directly affect the voice quality as the abrupt closure of
the glottis at the end of the closing phase involves the majority
of the voicing energy.'” When intensity and pressedness in-
crease, CIQ decreases.”” Amplitude-based AQ and NAQ have
been found to correlate negatively with pressedness of voice.”**

Statistical analyses

Median and interquartile range were calculated for each param-
eter because parameters were not normally distributed. Wilcoxon
signed-rank test was used for testing the statistical significance
of differences between L1 and L2 in perceptual analyses.
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FIGURE 1. Time and amplitude instants used in calculating the parameters from inverse-filtered signal. The upper part shows the

glottal flow estimate, whereas the lower part shows the respective derivative. The parameters used in this study are calculated as

follows: OQ1 = Lo

,0Q2 =
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Mann-Whitney U test was used for statistical significance of the
differences between G1 and G2. Repeated measures analysis of
variances (RM-ANOVA) was used for analyzing the differ-
ences in inverse filtering parameters between L1 and L2 and the
effect of subjective vocal fatigue. For RM-ANOVA, the acous-
tic results from text reading and spontaneous speech were
combined, and the mean of each parameter was calculated for
L1 and L2. The inter-rater reliability was studied with Cronbach’s
alpha reliability coefficient, and intra-rater reliability was studied
with Spearman correlation coefficient. Spearman correlation co-
efficient was also used for studying the relations between the
acoustic and perceptual results. Significance level was set to
P < 0.05 in all statistical analyses. The statistical analyses were
carried out with SPSS 22 software (IBM SPSS Statistics v. 22
for Windows, Armonk, NY).

RESULTS

Perceptual results

The reliability of the perceptual analysis was found satisfacto-
ry. The inter-rater reliability for listeners was quite good,
Cronbach’s alpha = 0.70. The intra-rater reliability for voice
quality was r=0.83, P <0.001, for strenuousity of voice pro-
duction r=0.87, P < 0.001, for firmness r =0.53, P <0.001, and
for suitability of pitch r=0.47, P <0.05.

Evaluation of voice in L1 and L2 showed significant differ-
ences; in text reading, the voice quality was poorer in L2
(P <0.05), and in text reading and in spontaneous speech firm-
ness of phonation was lower (ie, type of phonation more pressed)
in L2 than in L1 (Table 1).

Acoustic results

The results of the analysis were first statistically investigated
gender-wise, but because no significant differences between the
gender were found except for FO, the male and female sub-
jects’ other parameter values are presented here together.

T, A

,ClQ:%,SQI: , SQ2=

0

, A
LAQ=—" - NAQ=—%.

T, Admin

Acoustic analyses showed significant differences between L1
and L2 in OQ2 in text reading, and in CIQ, SQ2, and NAQ in
spontaneous speech (Table 2).

RM-ANOVA showed significant differences between L1 and
L2in CIQ (F=6.20,df =1, P < 0.05), NAQ (F=5.32,df =1,
P <0.05), and SQ2 (F=13.81,df =1, P < 0.01), but vocal fatigue
set as a between-subject factor showed no significant differences.

Differences between group 1 and group 2

For subjects in G1, voice quality in L2 was evaluated as better
(P=0.017), firmness of phonation lower (ie, phonation type
less pressed) (P =0.001), and pitch more suitable (P =0.01)
than for subjects in G2 (Figure 2). Significant differences between
L1 and L2 in text reading were found in all the perceptual

TABLE 1.

Median and Interquartile Range (IQR) for Perceptual Anal-
yses (N = 24), Wilcoxon Signed-Rank Test, Significance
Level (0.05)

Spontaneous
Text Reading Speech

L1 L2 L1 L2
Quality Median 4.33 4.00* 433 4.33
IQR 0.33 0.75 1.08 1.33
Strenuousity Median 4.67 4.67 4.67 4.33
IQR 1.08 2.00 1.33 1.42

Firmness Median 4.33 3.83** 450 4.17**
IQR 1.00 1.08 0.67 0.67
Pitch Median 5.00 5.00% 5.00 5.00
IQR 0.67 1.00 0.67 1.08

Notes: Voice quality (very poor =0 — very good = 10), voice production
(very strenuous = 0 — very easy = 10), firmness of phonation (very
pressed = 0 — very breathy = 10), and pitch suitability (too low =0 - too
high = 10).

* P<0.05, **P<0.01.
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TABLE 2.
Median and IQR for Acoustic Analyses in Text Reading (/N = 24) and Spontaneous Speech (/N = 24), Wilcoxon Signed-
Rank Test

Text Reading Spontaneous Speech
L1 L2 L1 L2
FO, men (N = 12) Median 116.67 114.23 124.29 117.41
IQR 40.09 23.99 64.10 34.14
FO, women (N = 12) Median 208.60 218.04 195.12 191.91
IQR 25.95 30.35 58.48 24.14
0oaQ1 Median 0.78 0.76 0.82 0.78
IQR 0.14 0.19 0.11 0.14
0Q2 Median 0.57 0.568* 0.53 0.55
IQR 0.12 0.12 0.14 0.11
clQ Median 0.22 0.23 0.24 0.21*
IQR 0.06 0.05 0.08 0.04
SQ1 Median 2.49 2.55 2.54 2.66
IQR 0.63 0.77 0.99 0.79
SQ2 Median 1.51 1.62 1.43 1.70*
IQR 0.39 0.59 0.45 0.69
NAQ Median 0.09 0.09 0.09 0.08**
IQR 0.02 0.02 0.02 0.02
AQ Median 0.0006 0.0006 0.0006 0.0006
IQR 0.0004 0.0004 0.0003 0.0003

* P<0.05, **P<0.01.
Abbreviations: 0Q, open quotient; CIQ, closing quotient; SQ, speed quotient; NAQ, normalized amplitude quotient; AQ, amplitude quotient; IQR, interquartile
range.
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FIGURE 2. Perceptual evaluation of subjects’ voices in L1 and L2. G1: subjects who did not report more vocal fatigue in L2 than in L1, G2:
subjects who reported more vocal fatigue in L2 than in L1. Evaluated characteristics: general voice quality (0 = very poor — 10 = very good), strenuousity
of voice production (0 = very strenuous — 10 = very easy), firmness of phonation (0 = very pressed — 10 = very breathy), and suitability of the pitch
for the speaker (0 = too low — 10 = too high).
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TABLE 3.
Medians and Interquartile Range (IQR) for Perceptual Analyse
Test, Significance Level (0.05)

s for G1 (N =12) and G2 (N = 12), Wilcoxon Signed-Rank

Text Reading

Spontaneous Speech

G1 G2 G1 G2

L1 L2 L1 L2 L1 L2 L1 L2
Quality Median 4.33 4.33 4.17 3.67* 4.50 4.50 4.00 4.00
IQR 0.25 0.92 0.92 0.92 1.50 0.92 1.33 1.58
Strenuousity Median 4.50 5.00 4.83 3.67*%* 4.67 4.33 4.50 4.17
IQR 1.25 1.92 1.67 1.92 1.17 1.58 1.58 1.50

Firmness Median 4.50 4.50 4.17 3.33* 4.50 4.17% 4.50 4.17%
IQR 0.67 1.67 0.92 1.17 0.58 0.67 1.17 1.25
Pitch Median 5.00 4.83 5.33 5.50* 5.00 4.83 5.17 5.50
IQR 0.33 0.58 0.92 1.17 0.33 0.58 1.00 1.50

Notes: Voice quality (0 = very poor — 10 = very good), strenuousity of voice production (0 = very strenuous — 10 = very easy), firmness of phonation (0 = very

pressed — 10 = very breathy), and pitch suitability (0 = too low - 10 = too high).
* P<0.05, **P<0.01.

parameters for G2: Voice quality was evaluated poorer, phona-
tion more pressed, voice production more strenuous, and pitch
higher than suitable in L2. In spontaneous speech, a significant
increase in firmness in L2 was found for both G1 and G2.
Medians and interquartile ranges are presented in Table 3.
Significant differences were found within the same group for
some of the inverse filtering parameters. G1 showed signifi-
cant reductions in both NAQ and CIQ, and G2 showed significant
increase in SQ2 for L2. These changes for both groups were found

TABLE 4.

in spontaneous speech (Table 4). Text reading showed the same
trend, but it remained insignificant. Medians and interquartile
ranges are presented in Table 4.

The inverse filtering parameters did not differ significantly
between G1 and G2 either in L1 or L2.

The perceptual evaluation of strenuousity of voice produc-
tion correlated mildly with the acoustic inverse-filtered parameters;
the correlation varied from r = 0.26, P < 0.01 for OQ1 tor=0.47,
P <0.001 for NAQ. The evaluated strenuousity of voice pro-

Median and IQR for Acoustic Analyses for G1 (N = 12) and G2 (N = 12) in Text Reading and Spontaneous Speech, Wilcoxon

Signed-Rank Test

Text Reading

Spontaneous Speech

Group 1 Group 2 Group 1 Group 2
L1 L2 L1 L2 L1 L2 L1 L2
FO, men (N = 6) Median 122.87 114.23 115.72 115.23 124.29 120.29 120.03 112.10
IQR 35.33 24.84 66.13 39.35 60.67 46.14 39.92 33.51
FO, women (N=6) Median 202.31 218.94 209.32 218.04 195.12 191.34 189.05 199.22
IQR 39.34 38.12 24.25 42.94 60.03 12.26 64.75 53.26
oaQ1 Median 0.78 0.74 0.78 0.78 0.81 0.75 0.82 0.78
IQR 0.16 0.19 0.13 0.17 0.11 0.15 0.12 0.12
0Q2 Median 0.57 0.57 0.56 0.58 0.58 0.54 0.52 0.56
IQR 0.12 0.11 0.11 0.18 0.14 0.08 0.15 0.12
ciQ Median 0.22 0.23 0.21 0.22 0.24 0.21* 0.23 0.21
IQR 0.04 0.03 0.07 0.07 0.07 0.04 0.08 0.04
SQ1 Median 2.46 2.45 2.66 2.65 2.43 3.02 2.68 2.50
IQR 0.37 0.49 0.97 1.03 0.51 0.71 1.06 0.39
SQ2 Median 1.51 1.58 1.51 1.75 1.39 1.57 1.47 1.70%
IQR 0.39 0.49 0.34 0.62 0.40 0.46 0.63 0.79
NAQ Median 0.10 0.09 0.09 0.09 0.09 0.08** 0.09 0.08
IQR 0.02 0.01 0.03 0.02 0.02 0.02 0.02 0.02
AQ Median 0.0007 0.0006 0.0006 0.0007 0.0007 0.0006 0.0006 0.0007
IQR 0.0003 0.0003 0.0004 0.0005 0.0002 0.0002 0.0002 0.0004

* P<0.05, **P<0.01.

Abbreviations: OQ, open quotient; ClQ, closing quotient; SQ, speed quotient; NAQ, normalized amplitude quotient; AQ, amplitude quotient; IQR, interquartile

range.
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duction had a mild negative correlation with SQI (r=-0.32,
P <0.01) and SQ2 (r=-0.22, P < 0.05). Also, the evaluation of
pitch suitability correlated mildly with FO (r=0.41, P <0.01)
and NAQ (r =0.30, P < 0.01), and negatively with AQ (r =-0.28,
P <0.01).

DISCUSSION

Languages as such may differ in the type of phonation.* The
results of the present study, however, did not seem to reflect dif-
ferences between languages as such, but L2 seemed to differ from
L1 independent of the language. The perceptual differences
between speaking L2 and L1 were obvious. Changes from L1
to L2 resulted in poorer voice quality, more pressed and stren-
uous voice production, and higher pitch.

Although the perceptual assessment was randomized, some
listeners still stated that it was easy to notice mispronunciation
or strong accent in some L2 samples. It is possible to specu-
late whether this may have had some effect on the assessment
of voice quality and strenuousity of voice production. However,
the listeners were experienced in perceptual analysis of voice
regardless of language and fluency of speech. The perceptual eval-
uation of some vocal features may be dependent on the language
background of the listeners. Yamaguchi et al”® found asthenia
and strain to be evaluated differently by listeners from differ-
ent languages, and Ghio et al*” reported the same finding for
roughness, while neither of the studies found any influence of
language background on the perceptual ratings of breathiness
in the GRBAS scale, which is a common tool for subjective eval-
uation of voice, the GRBAS scale describes voice in five
parameters: overall voice performance (G—grade); roughness
(R), breathiness (B), asthenia (A), and strain (S). In the present
study, all the listeners were native Finnish speakers, and ac-
cordingly the cultural and language background was homogenous
among them in a way that the possible influence of cultural and
language background on the perception of voice quality was
avoided.’ Further study with native English listeners is warranted.

The acoustic differences between L1 and L2 included a de-
crease in NAQ and CIQ in L2, which points to increased
pressedness of voice in L2.2%% Acoustic analyses and percep-
tual evaluations also correlated with each other. Voice production
was evaluated as more strenuous when acoustic parameters in-
dicated a more pressed voice. Furthermore, voices that were
evaluated as having higher pitch correlated with a decrease in
AQ, suggesting that a raised pitch was at least in some cases
related to increased pressedness of voice. More pressed phona-
tion increases vocal loading,”” and thus may result in subjective
sensations of vocal fatigue. However, more pressed phonation
does not necessarily singly indicate total vocal loading, as also
voicing time, FO, and intensity are important factors in vocal
loading." Acoustic parameters based on voicing time, F0, and
intensity are not sufficient in studying vocal loading between two
languages due to the fact that the amount of voiced speech can
vary vastly between languages.' According to the results in the
present study, perceptual voice quality ratings and investiga-
tion of the voice source characteristics may be an important
addition to studying differences in vocal loading between L1 and
L2.

Subjects who reported more sensation of vocal fatigue in L2
did not differ from the others in terms of acoustic parameters.
According to Laukkanen et al,”” subjective sensation of vocal
fatigue does not always correlate with the objective measure-
ments of acoustic parameters, and it can sometimes be hard to
find a specific reason for vocal fatigue. The results show that
subjects with more subjective sensations of vocal fatigue in L2
had less optimal voice use also in L1, which may contribute to
the sensation of vocal fatigue.

By examining the inverse filtering parameters of G1 and G2
separately, we found that both groups showed a similar trend like
the previously reported, which points to increased pressedness in
L2. However, surprisingly, this trend was only significant for G1
rather than G2. This may indicate that the subjects in G1 were not
as familiar with the symptoms of vocal loading. As Rantala® has
found, the rise of FO and leveling of the spectrum during a vocally
loading working day occurred in the group of subjects with less
complaints of vocal fatigue symptoms rather than in the group
with more complaints. She discussed that the result may reflect a
normal adaptation of the human body, where the subjects with
more complaints have a tendency to shift toward a more
hypofunctional voice use to avoid excessive strain and exhaus-
tion. According to the results from the perceptual evaluations,
subjects in G2 had poorer voice quality, more pressed phonation,
more strenuous voice production, and higher pitch in L1 than sub-
jects in G1. It is possible that subjects with less optimal voice use
in L1 may, in fact, experience more symptoms of vocal fatigue
even with small changes in voice use in L2.

In this study, the two groups differed from each other as sub-
jects in G1 were more experienced in speaking L2 than the
subjects in G2. Lack of experience in speaking L2 may cause
increase in psycho-physiological stress and mental effort, which
may lead to more muscle tension and therefore to higher FO and
increased pressedness in voice. These factors may contribute to
the increase of subjective sensation of vocal overloading.'?
However, FO was lower in L2 for subjects in G2. This can be
due to the composition of the groups. In G2, 9 of the 12 sub-
jects were native English speakers, whereas in G1 9 of the subjects
were native Finnish speakers. It is possible that the subjects tried
to reach a certain level of pitch they thought the native speaker
of the target language would use,” as languages have been found
to differ in the mean FO.** Further study with more subjects is
necessary to exclude this effect.

Laver® suggests that speakers have articulatory and phona-
tory settings, and neutral phonatory settings consist of modal
phonation in voicing where the average muscular tension through-
out the vocal apparatus should be moderate. Speaking L2 seems
to impose additional vocal challenges that make them use less
optimal voice production and increase the susceptibility to vocal
overloading and vocal fatigue, and also causes perceivable changes
in acoustic characteristics of the voice.

It is probable that people who must speak extensively in L2
(professional interpreters for example) may benefit from teach-
ing in speech technique in L2, not only because they need to
use voice to great extent, but also because the vocal loading seems
to increase when speaking L2 compared with speaking L1. Al-
though speech technique in L1 may be sufficient, it does not
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always transfer to L2, which has a different structure and pho-
natory and articulatory settings.

CONCLUSIONS

Language shift caused voice quality changes between L1 and
L2 that are markedly perceptually observable, as speakers’ voices
were evaluated as more pressed in L2 than in L1. Acoustic find-
ings correlated with the perceptual results. Decrease in NAQ and
CIQ in L2 compared with L1 indicated increased pressedness
of voice. The speakers who report more vocal fatigue in L2 than
in L1 were also evaluated as having poorer, more pressed and
strenuous voice quality, and higher pitch in both L1 and L2 than
the speakers who did not report having more vocal fatigue in
L2 than in L1.
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