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2 LITERATURE 

2.1 Speech 



2.2 Language 
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2.2.1 L1 and L2 

2.2.2 Foreign language learning 



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



Figure 2.  Voice production system. (Figure: http://www.gbmc.org/anatomyandphysiology, legends 
modified). 



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). 

2.4 Voice research 



2.4.1 Fundamental frequency 



2.4.2 Intensity 

2.4.3 Spectral analyses 

α



Figure 4.  LTAS in L1 and L2. Above Finnish female, text reading, below English male, spontaneous 
speech. Black line Finnish, grey line English. 



Figure 5.  Vowel formant charts for Finnish and (American) English short vowels. (Figure for Finnish: 
http://www.helsinki.fi/puhetieteet/projektit/Finnish_Phonetics/vokaaliakustiikka_eng.htm,  
accessed March 29th 2016, modified, and for English: 
http://isip.piconepress.com/courses/msstate/ece_8463/lectures/current/lecture_17/index.html, 
accessed March 29th 2016). 

2.4.4 Inverse filtering 



2.4.5 Parameterization of vocal loading 



2.4.5.1 Vocal Loading Index 

2.4.5.2 Vocal doses 
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2.4.6 Perceptual analyses of voice quality 







3 AIMS OF THE RESEARCH 

3.1 Research questions and research hypothesis 



4 METHODS 

4.1 Subjects 



4.2 Recordings 

4.3 Questionnaire 

4.4 Acoustical analyses 
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Figure 6.  Time and amplitude points in calculations of the inverse filtering parameters. (Figure: 
Järvinen et al. Voice quality in native and foreign languages investigated by perceptual analyses 
and inverse filtering. J Voice 2016). 

4.5 Perceptual analyses 



4.6 Statistical analyses 

 



4.7 Summary of methods and materials used in the studies 

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



5 RESULTS OF THE STUDIES 

5.1 Mean, SD, and range of F0 in L1 and L2 (Study I) 

Figure 7.  Difference in F0 in percentages in the foreign language compared to F0 in the native 
language in Finnish and English subjects. 





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 II) 



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





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) 



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). 



Figure 12.  Medians of perceptual evaluations for subjects´ general voice quality (0=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). 





6 DISCUSSION OF STUDIES 

6.1 Speaking a foreign language and its effect on voice characteristics 





6.2 Vocal fatigue and vocal loading in speaking a foreign language 







6.3 Voice quality in foreign language 







7 CONCLUSIONS OF STUDIES 

7.1 Language shift and its effect on voice characteristics 

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



7.3 Language shift and its effect on voice quality 

7.4 Conclusions 
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APPENDIX 1 



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 

 

Name  

 

Sex 

male 

female 

 

Age   

Education in Finnish language, in years  

 

Residence in a country speaking Finnish 

 

0-1 

1-5 

5-10 

10-20 

over 20 years 

 

 

 



Estimated level of experience in speaking Finnish 

 

some experience 

experienced 

very experienced 

native 

 

Own perspective on speaking Finnish and its effects 

Speaking Finnish changes the voice 

 

not at all 

slightly 

moderately 

many changes 

profound changes 

 

Pitch changes when speaking Finnish compared to speaking English 

 

much lower 

somewhat lower 

no changes 

somewhat higher 

much higher 

 

Pitch variation changes when speaking Finnish compared to speaking English 

 

much less 

slightly less 

no changes 

some increase 

major increase 



 

Intensity changes when speaking Finnish compared to speaking English 

 

much lower 

somewhat lower 

no changes 

somewhat higher 

much higher 

 

Variation of intensity changes when speaking Finnish compared to speaking English 

 

decreases a lot 

decreases somewhat 

no changes 

increases somewhat 

increases a lot 

 

Voice tires faster speaking Finnish than speaking English 

 

not at all 

a little faster 

faster 

quite fast 

much faster 

In your opinion, what are the reasons for the changes?   

  



Finnish differs from English 

In articulation 

 

not at all 

a little 

moderately 

a lot 

very much 

How?  

 

In accentuation 

 

not at all 

a little 

moderately 

a lot 

very much 

How?  

 

Intonation range 

 

much narrower 

a little narrower 

no difference 

a little wider 

much wider 



 

In speech tempo 

 

much slower 

a little slower 

no difference 

a little faster 

much faster 

Something else? What? How?  

 

Vocal resources in English 

Voice quality 

 

very poor 

poor 

not good or poor 

good 

very good 

 

Voice resonance 

 

very poor 

poor 

not good or poor 

good 

very good 

 

 



Vocal endurance 

 

very poor 

poor 

not good or poor 

good 

very good 

 

Vocal expressiveness 

 

very poor 

poor 

not good or poor 

good 

very good 

 

Vocal resources in Finnish 

Voice quality 

 

very poor 

poor 

not good or poor 

good 

very good 

 

Voice resonance 

 

very poor 

poor 

not good or poor 

good 



very good 

 

Vocal endurance 

 

very poor 

poor 

not good or poor 

good 

very good 

 

Vocal expressiveness 

 

very poor 

poor 

not good or poor 

good 

very good 

 



Background information on voice 

Voice training in speech 

 

none 

some 

moderately 

a lot 

very much indeed 

If yes, what and how long   

Voice therapy 

 

none 

some 

moderately 

a lot 

very much indeed 

If yes, what and how long   

Smoking 

 

never smoked 

have smoked but stopped 

smoking regularly 

If you smoke, how many cigarettes per day  

Tietojen lähetys 

Thank you for answering this questionnaire! 



APPENDIX 3 





APPENDIX 4 



APPENDIX 5 

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             

11             

12             

13             

14             

15             

16             

17             

18             

19             

20             



subject proficiency spontaneous fluency spontaneous accuracy spontaneous 

 

0=no skills 
1=some skills 
2=skilled 
3=very skilled 
4=native like 

 0=no fluency 
1=some fluency 
 2=fluent 
3=very fluent 
 4=native like 

0=no accuracy 
1=some accuracy 
2=accurate 
3=very accurate 
4=native like 

1         

2         

3         

4         

5         

6         

7         

8         

9         

10         

11         

12         

13         

14         

15         

16         

17         

18         

19         

20         
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 Speaking a foreign language and its effect on F0      

    KATI     J Ä RVINEN  1  ,       ANNE-MARIA     LAUKKANEN  1    &        OLLI     AALTONEN  2    

  1  University of Tampere, Voice Research laboratory, Tampere, Finland, and   2  Behavioural Sciences, Speech sciences, 
University of Helsinki, Helsinki, Finland                              

 Abstract 
 This study investigated whether speaking a foreign language affects the fundamental frequency (F0) 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 F0. Speaking a foreign language caused a change in F0 for the Finnish subjects, while the result 
was not as unambiguous for the English subjects. The change in F0 may be a result of adaptation to a certain pitch level 
in the foreign environment. Experience in using the foreign language did not show signifi cant correlation to the change 
in F0, which suggests either individual differences in sensitivity to adaptation or diffi culty in quantifying the amount of 
experience.  

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

  Introduction 

 Fundamental frequency (F0) is a widely studied 
parameter in speech, which includes F0 and its rela-
tion to speaker characteristics, the type of speech 
used, and text materials (1). F0 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 F0 
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 infl uenced 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 F0. 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 F0. Previous studies suggest that 
when speaking a foreign language F0 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 infl uences 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 F0 have focused on women. This current 
study aimed to resolve the change in F0 with men 
and women when speaking a foreign language com-
pared to speaking the native language, with the 

Logopedics Phoniatrics Vocology, 2013; 38: 47–51

ISSN 1401-5439 print/ISSN 1651-2022 online © 2013 Informa UK, Ltd.
DOI: 10.3109/14015439.2012.687764
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focus on mean F0 and the F0 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 signifi cance 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 fi rst 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 suffi cient 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 F0 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 F0 in groups, 

Mann – Whitney  U  test for the difference in the change 
in F0 between groups, and Spearman ’ s correlation 
coeffi cient for the correlation between experience 
in speaking the foreign language and the change 
in F0, and subjective notion on the change in F0 
and the actual change in F0. The signifi cance 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 F0 between the native and the 
foreign language was calculated in percentages, a 
signifi cant difference between groups was found, 
 P   �    0.008. 

 As shown in Table I, mean F0 was signifi cantly 
higher in the target language for the Finnish subjects, 
 P   �    0.001, but for the English subjects the change 
was not statistically signifi cant. 

 F0 changed for the Finnish subjects signifi cantly 
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 signifi cant. Change 
of language did not show signifi cant changes in F0 
standard deviation or F0 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 F0 (%), change in standard deviation of F0 (%), and change 
in F0 range (%) for Finnish and English subjects.  

F0 change %
      X ̄  (SD)  P 

F0 standard deviation 
change (%)    X ̄   (SD)  P 

F0 range change %
   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 signifi cant.   
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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-
nifi cant correlation with the actual change in F0. 

 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 signifi cant correlation with the change in F0.   

 Discussion and conclusions 

 The mean F0 of speech changed when speaking a 
foreign language compared to speaking the native 
language, and the change seemed to be somewhat 

  Table II. Means and standard deviations for F0, change in F0 (%), standard deviation of F0, change in standard deviation of F0 (%), F0 
range, and change in F0 range in native and foreign language.  

F0 (Hz) in 
native    X ̄ (SD)

F0 (Hz) in 
foreign       X ̄  (SD)  P 

F0 (Hz) standard 
deviation in 

native       X ̄  (SD)

F0 (Hz) standard 
deviation in 

foreign       X ̄  (SD)  P 

F0 range (Hz) 
in native 
      X ̄  (SD)

F0 range (Hz) 
in foreign
      X ̄  (SD)  P 

Finnish males 
( n   �    7)

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

Finnish females 
( n   �    9)

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

English males 
( n   �    8)

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

English females 
( n   �    6)

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

   ns  �  not signifi cant.   

 

 Figure 1.     Distributions of change in F0 (%) 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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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 F0 was 
signifi cantly different between the two groups. This 
might also be evidence of a certain kind of adapta-
tion, since the English-speaking subjects ’  change in 
F0 was towards a lower F0 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 F0 in speaking the target 
language can also be a result of uncertainty, for lack 
of confi dence can be signaled by a higher F0 (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 F0 did not change between languages, which can 
be caused by the fact that the range of F0 is some-
what constant in speech, and therefore a diffi cult 
characteristic to change consciously or uncon-
sciously. In this study no correlation with experience 
and the changes in F0 was found, which may indi-
cate that people have individual differences in sen-
sitivity to adaptation, or it may refl ect diffi culty 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 infl uenced the F0 and the 
range of F0, 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 fl uency of the 
speakers. 

  Declaration of interest:  This study was supported 
by the University of Tampere. The authors report no 
confl icts of interest.         
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  Table III. Means in experience in speaking the target language.  

Education 
(years) Residence

Own 
estimation

Total 
experience

Finns 14.0 1.25 1.63 6.5
English 0.7 2.93 0.57 4.3
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 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] , F0 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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  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-L0 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 
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ratio of spectral energy below and above 1,500 Hz)  [18]  
and a lower 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 F0 and sound pres-
sure level (SPL)  [21] , vocal loading index (VLI, F0 × F0 
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 (D t ) as an indication of 
total voicing time, the cycle dose (D c ) indicating the total 
number of vocal fold oscillatory cycles (i.e. the same as 
VLI times 1,000), the distance dose (D d ) which indicates 
the total distance that vocal folds travel in an oscillatory 
path, the energy dissipation dose (D e ) indicating the total 
amount of dissipation of heat energy in the vocal folds, 
and the radiated energy dose (D r ) 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 /dʒ/), 
differences in articulation (e.g. Finnish /r/ is a voiced 
tremulant, while in English, it is often realized as an ap-
proximant /ɹ/, 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 F0 contour is typically 

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 L0 (peak in the F0 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, Leq 40 cm  was converted to Leq 50 cm  by using the formu-
la Leq 50 cm  = Leq 40 cm  – 10      ·      log √ 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).

  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 

 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

not at all slightly moderately many 
changes

profound 
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

not at all a little 
faster

faster quite fast much faster

n = 43 30.2 34.9 16.3 7.0 11.6

Voice quality in the native language

very poor poor neither good 
nor poor

good very good

n = 42 0.0 2.4 33.3 52.4 11.9

 Voice quality in the foreign language

v ery poor poor neither good 
nor poor

good very good

n = 42 2.3 18.6 44.2 34.9 0.0

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

No 
proficiency

Some 
proficiency

Proficient Very 
proficient

Native-
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
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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

F0, Hz p Leq50 cm, dB p Alpha ratio, dB p L1-L0, 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 Dt, s p VLI p
native foreign native foreign native foreign native foreign

Text (n = 43) 51.39 47.55 ** 4.25 2.88 ** 30.65 28.48 ** 4.54 3.88
Spontaneous (n = 40) 44.85 37.96 ** 3.40 2.50 ** 18.91 15.49 ** 2.78 2.46

Dc, cycles p Dd, m p De, mJ/cm3 p Dr, mJ
native foreign native foreign native foreign native foreign

Text (n = 43) 4,535.35 3,877.63 ** 15.77 13.75 ** 7.52 8.47 0.54 0.48
Spontaneous (n = 40) 2,780.83 2,460.77 ** 9.23 7.13 ** 4.46 4.01 ** 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/Dt, kcycles/s p Dd/Dt, m/s p De/Dt, mJ/cm3/s p Dr/Dt, mJ/s p
native foreign native foreign native foreign native foreign

All
Text (n = 43) 0.155 0.156 * 0.483 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 * 0.466 0.474 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. F0 was significantly higher in the foreign lan-
guage than in the native language in text reading. The L1-
L0 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 t , D c  and D d  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 t . Significant differences were 
found only in VLI/D t  for all subjects and in D r /D t  for 
Finnish subjects. English and male subjects showed no 
significant changes. Females showed significant changes 
in VLI/D t  ( 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-

nificant changes only in VLI/D t  in text reading which cor-
responds to changes in F0  [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 F0 change. Earlier results by 
Järvinen et al.  [9]  suggest that an F0 change in language 
shift is somewhat gender and language dependent: wom-
en seemed to have more distinctive changes in F0 be-
tween languages than men, and Finnish speakers more 
distinctive than English speakers. The trend of a higher 
L1-L0 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, F0 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 F0 
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 
Spilková 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.

  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 Järvinen, *Anne-Maria Laukkanen, and †Ahmed 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 andMethods. 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 studies1,2 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.3 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.4–8 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.4,9,10

Mechanical loading posed on the vocal folds increases with
fundamental frequency (F0), intensity, and degree of adduc-

tion of the vocal folds.11 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.12,13 Vocal doses are mea-
sures based on fundamental frequency, sound pressure level, and
voicing time. A previous study1 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 Järvinen et al1 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 F0 region
between 0 and 300 Hz in L2 was found,1 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.14,15

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.16 Inverse filtering was developed in
the late 1950s by Miller.17 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.18

Rothenberg19 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,20 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 L2?

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 usedwere eitherEnglish
or Finnish.Aquestionnaire 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 inG2 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 Kjær
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.Twopersons’ samples in text reading and in spontaneous speech
were repeated in order to study the intra-rater reliability of the per-
ceptual analysis.The listenersfirst 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 /ʌ/ 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,21 which has been developed for IAIF
inverse filtering of speech pressure signal.20 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 (ClQ), 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.16,20,22,23

It is common to find that the opening phase has rather two
opening instants (to1 and to2 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 OQ2 is calculated from the second-
ary opening instant.24 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 = OQ2 and
SQ1 = SQ2.
According to earlier studies, phonation quality is signaled by

various voice source parameters as follows. Breathy voice implies
increased open quotient.25–27 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.17 When intensity and pressedness in-
crease, ClQ decreases.25 Amplitude-based AQ and NAQ have
been found to correlate negatively with pressedness of voice.20,28

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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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 F0, the male and female sub-
jects’ other parameter values are presented here together.

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

L2 in ClQ (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

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
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TABLE 1.

Median and Interquartile Range (IQR) for Perceptual Anal-

yses (N = 24), Wilcoxon Signed-Rank Test, Significance

Level (0.05)

Text Reading
Spontaneous

Speech

L1 L2 L1 L2

Quality Median 4.33 4.00* 4.33 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** 4.50 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

F0, men (N = 12) Median 116.67 114.23 124.29 117.41
IQR 40.09 23.99 64.10 34.14

F0, women (N = 12) Median 208.60 218.04 195.12 191.91
IQR 25.95 30.35 58.48 24.14

OQ1 Median 0.78 0.76 0.82 0.78
IQR 0.14 0.19 0.11 0.14

OQ2 Median 0.57 0.58* 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: OQ, open quotient; ClQ, closing quotient; SQ, speed quotient; NAQ, normalized amplitude quotient; AQ, amplitude quotient; IQR, interquartile
range.

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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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 ClQ, and G2 showed significant
increase in SQ2 for L2. These changes for both groups were found

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 to r = 0.47,
P < 0.001 for NAQ. The evaluated strenuousity of voice pro-

TABLE 3.

Medians and Interquartile Range (IQR) for Perceptual Analyses for G1 (N = 12) and G2 (N = 12), Wilcoxon Signed-Rank

Test, Significance Level (0.05)

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.

TABLE 4.

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

F0, 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

F0, 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

OQ1 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

OQ2 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

ClQ 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 SQ1 (r = −0.32,
P < 0.01) and SQ2 (r = −0.22, P < 0.05). Also, the evaluation of
pitch suitability correlated mildly with F0 (r = 0.41, P < 0.01)
and NAQ (r = 0.30, P < 0.01), and negatively withAQ (r = −0.28,
P < 0.01).

DISCUSSION

Languages as such may differ in the type of phonation.4 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 al29 found asthenia
and strain to be evaluated differently by listeners from differ-
ent languages, and Ghio et al30 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.31 Further study with native English listeners is warranted.

The acoustic differences between L1 and L2 included a de-
crease in NAQ and ClQ in L2, which points to increased
pressedness of voice in L2.20,25–28 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,20 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, F0, and intensity are important factors in vocal
loading.14 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.1 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,32 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 G1were not
as familiar with the symptoms of vocal loading. As Rantala33 has
found, the rise of F0 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 F0 and
increased pressedness in voice. These factors may contribute to
the increase of subjective sensation of vocal overloading.1,3

However, F0 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,5–7 as languages have been found
to differ in the mean F0.34 Further study with more subjects is
necessary to exclude this effect.
Laver35 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
ClQ 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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