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ABSTRACT 

 

This study intends to investigate the duration of 

American English vowels as produced by males and 

by females who were first language (L1) and second 

language (L2) speakers of the language. Results 

showed that females produced longer vowels than 

males both in L1 and in L2 speech, which was solely 

an effect of sex, while no interaction of speech 

nativeness was found. When comparing our results to 

studies investigating languages other than English, 

we observed that similar patterns of sex-related 

nativeness-independent vocalic duration differences 

emerged. Finally, we argue for sex differences to be 

always considered in phonetic studies so that 

important phenomena may not be overlooked. 

 

Keywords: Speech production, Vocalic duration, 

Nativeness, Sex-specific phenomena 

1. INTRODUCTION 

It is well-established in the phonetic literature that 

males and females (which we will represent here with 

the Sex variable) present morphological differences 

or even sociolinguistic features that make them 

produce speech differently from each other e.g. [1, 2]. 

Average pitch is higher in females than in males, also 

the vowel formants have higher center frequencies in 

females than in males. Less has been said in the 

literature about inter-sex differences in vowel 

duration production. 

Studies have recurrently shown that female 

speakers of German, Swedish and American English 

languages as L1 produce longer vowels than male 

speakers [3, 2, 4]. Those studies used read sentences 

as well as spontaneous speech. Results support a 

biomechanical account to explain the male-female 

difference in vocalic durations. The explanation goes 

towards a temporal lengthening of vowels by females 

in order to compensate for a shorter vocal tract than 

males in order to achieve similar phonetic targets in 

terms of vocalic production. The difference in 

duration is achieved by moving their tongues in 

different speeds, females move their tongues slower 

than males. Evidence for the biomechanical 

hypothesis comes from the studies above mentioned, 

which show consistent cross-linguistic similarities in 

their results. These results have important 

implications for sex dynamics in speech synthesis and 

typology [4].  

Both in [4] and [2] another possible explanation 

is given that not only greater vocalic durations may 

be produced by females, but also greater duration 

differences between categories as a consequence of 

sociophonetic factors related to the female sex. For 

instance, women produce clearer speech than men, 

because her vocalic production may be more stable 

concerning spectra and durations, which includes a 

greater contrast between the durations of long and 

reduced vowels. 

The purpose of the present study was to 

investigate how male and female speakers of 

American English as L1 and as L2 produce full and 

reduced vowels of American English. We conducted 

an English word naming study. The resulting 

production data allowed us to check if females and 

males differ in their vowel durations and if there was 

symmetry in vowel duration cross-linguistically 

within the same sex - e.g. females produced similar 

vocalic duration patterns both in AE L1 and AE L2.  

Because vowel reduction in the L1 sound 

inventory of Brazilian Portuguese L1 (BP L1) 

speakers is not phonemic, it is most likely that the 

word naming data of BP L1 speakers should show a 

contrast relative to English speakers, e.g., reduced 

vowels in unstressed position might be produced as 

full vowels. 

2. METHOD 

2.1. Participants 

For this study, 20 subjects took part in the experiment. 

They were exchange students at Leiden University 

Centre for Linguistics (LUCL), Leiden, The 

Netherlands. The American English monolingual 

group consisted of 10 native monolingual speakers of 

American English (5 males and 5 females, age range 

between 19 and 48, mean age: 25.6 years). The non-

native American English speaker group consisted of 

10 Brazilian participants with Brazilian Portuguese as 

their first language and English as their second 

language (5 males and 5 females, ages ranged 

between 21 and 44 years, mean age: 30). L2 speakers 

of American English reported their scores in English 
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proficiency tests, such as TOEFL and IELTS 

proficiency tests. As only three participants had 

performed the IELTS test, we transformed their 

scores into TOEFL scores, using the metrics provided 

by the TOEFL comparison tool [5]. After the 

transformation of scores, it was possible to select 

participants who graded equal to 90 or above 

according to TOEFL scores (Mean TOEFL Scores = 

94.9, SD = 7.4). The L2 participants also performed 

the X_Lex2.05 English vocabulary test [6]. In order 

to be selected for the experiment, a participant should 

score above 3,500 points in the vocabulary test. Their 

scores ranged between 3,500 and 4,850 points 

(Mean=4,193 points, SD = 418) out of a maximum of 

5,000 points. The TOEFL and the X_Lex2.05 scores 

rated them as upper intermediate to advanced learners 

of English. None of the participants reported having 

hearing problems and all had normal or corrected-to-

normal vision. Participation in the experiment and 

travel costs were paid. Some volunteered to 

participate with no compensation.   

2.2. Stimulus Materials 

We used 360 3-syllable words, half of them with 

stress on the first syllable and the other half with 

stress on the second syllable, such as Advocate and 

Adjective, with stressed full vowels in the first 

syllable (capitals indicate stressed syllables), as 

opposed to gaLACtic and goRIlla with unstressed 

reduced vowels in the initial syllable (underline 

indicates unstressed syllable). 

2.3. Procedure 

The experiment took place at LUCL Phonetic lab. 

Participants were positioned in a sound-attenuating 

booth and seated at approximately 60 cm from a 

computer screen (size: 32.5 x 24 cm). The word 

naming experiment was implemented and presented 

with E-Prime 2.0 software. English words were 

presented in black Arial font with size 18 points, at 

the center of the screen. The list of English stimulus 

words was randomized for each participant and 

divided in four experimental blocks containing 90 

words each which were counterbalanced in the 

number of stimuli with stressed and unstressed target 

syllables. Before each block there was a break. Words 

were preceded by a 250 ms fixation cross (+) and 

presented individually for 1000 ms. Participants had 

another 3000 ms after the word disappeared to 

pronounce it before another trial began. They were 

instructed to read the word on screen aloud as fast and 

as accurately as possible. A Sennheiser MKH-416 

unidirectional condenser microphone was used to 

capture participants’ speech directly onto a PC 

(22,050 Hz, 16 bit/sample) and E-Prime 2.0 recorded 

and stored their speech productions for later analysis. 

Sessions lasted 30 minutes on average. The actual 

experiment was preceded by a training phase with the 

same dynamics of the actual experiment and 

contained 20 American English words not included in 

the experimental phase. 

2.4. Phonetic transcriptions 

A Praat [7] script was used to automatically trace the 

speech responses within the 3-seconds response time 

window. Word boundaries were later corrected 

manually by the authors of this study. A second Praat 

script was used to label the words. Next, a third Praat 

script was used to automatically align and label the 

segments according to canonical transcriptions for 

each word. The automatic alignment and labelling 

were later checked and corrected by two phonetician 

experts. Ambiguous transcriptions were discarded by 

the reviewers and 9 words that resulted in many 

ambiguities in transcription were excluded from our 

analyses. 

2.5. Vowel duration measurement 

Concomitantly to vowel spectrum, vowel duration is 

an important feature in the relationship of vowel 

phonemes with word and sentence stress in English. 

We therefore measured the vowel durations of words 

in our dataset. In Brazilian Portuguese (the first 

language of the AE L2 group of this study), only 

spectrally full vowels are found, whether in stressed 

or unstressed syllable positions [8]. Also, vowel 

duration differences between stressed and unstressed 

vowels are not large in BP (except for variation found 

in spontaneous speech, see [9]); however, in English 

the ratio between full and reduced vowels is larger 

than in BP [10]. We therefore expect that BP speakers 

of English will show a smaller duration ratio for 

reduced vs. full English vowels than native English 

speakers. Note that in our English target words, full 

vowels only occurred in stressed position, while 

reduced vowels only occurred in unstressed position.  

3. RESULTS 

Each participant produced 360 trisyllabic words of 

which 180 had stress on the first syllable and 180 on 

the second syllable, making a total of 7,200 word 

tokens. 

Only vowels in the first and second syllables of 

the word tokens were included in our analyses to 

avoid effects of final lengthening. Thus, 14,040 

vowel tokens, and after data cleaning a total of 11,459 

vowel tokens were used for the statistical analysis.  

Table 1 shows the results for vowel duration per 

language group, as well as the ratio of full stressed 
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vowels vs. reduced unstressed vowels produced on 

the first and second syllables of trisyllabic English 

words. 
 

Table 1: Vowel duration means by Language 

Group and Sex 

 

 Full vowels Reduced 

vowels 

Ratio 

full/reduced  

 males fem. male

s 

fem. males fem. 

AE 

L1 

102 

(34) 

116 

(43) 

59 

(28) 

71 

(36) 

1.73 1.63 

AE 

L2 

107 

(39) 

116 

(39) 

74 

(36) 

82 

(40) 

1.45 1.41 

*Vowel duration means in milliseconds and Standard 

Deviations within parenthesis. 

 

Table 1 indicates that native speakers of 

American English produced a greater difference in 

duration between full and reduced vowels in English 

than Brazilians did. The trend by both males and 

females from the AE L2 group seems to be to produce 

a smaller ratio between full and reduced vowels than 

their peers from the AE L1 group, which is shown by 

the ratio values.  

Concerning Sex differences in the duration of 

vowels, we observed that females appear to have 

produced longer vowels than males in both full vowel 

category and in reduced vowel category. Although 

the AE L1 group is formed by different participants 

from the AE L2 group, we noticed the same pattern 

emerging in the vowel duration of males and females: 

females produce longer vowels than males both in 

their L1 and in the L2. The means in Table 1 indicate 

that the vowel durations of females from the AE L2 

group is closer to same-sex AE L1 group than in the 

two groups of male speakers.  

Although male and female differences in vocalic 

duration are not great (Table 1), in between 8-11 ms 

for reduced vowels and 9-14ms for full vowels, they 

are within the range of Just-Noticeable Difference 

(JND) of vocalic duration. As shown in several 

papers, JND of vocalic duration is roughly 10% of the 

total vowel duration e.g. [11, 12, 13, 14, 15], 

especially in the elicited speech modality and high-

quality recorded data, like the data from this 

experiment. We expect that JND of vocalic duration 

to vary depending on speech modality (whispered 

speech and spontaneous speech, for instance), 

nonetheless, we hypothesize the vocalic duration JND 

to be symmetrical to our current findings and to be 

perceived in communication. 

A Multiple Regression Analysis with fixed 

factors was performed in R [16] to investigate how 

Language Group (American English as L1 or L2), 

Sex (male or female speakers), and stress (full or 

reduced vowel durations) affect vowel duration in 

American English as produced by L1 and L2 speakers 

(see Table 2). 

 
Table 2: Multiple Regression Analysis on 

duration by Language Group, Vowel Quantity 

and Sex 

 
  Estimate SE t p 

(Intercept) -0.30 .11 -2.63 .08 

Language 

Group 

0.22 .07 3.07 .02 

Vowel 

Quantity 

-1.16 .16 -7.23 <.01 

Sex 0.43 .07 6.02 <.01 

Vowel 

Quantity*Sex 

-0.06 .10 -0.58 .57 

Language 

Group*Vowel 

Quantity 

0.22 .10 2.16 .03 

Language 

Group*Sex 

-0.10 .05 -2.28 .02 

Language 

Group*Vowel 

Quantity*Sex 

0.01 .06 0.17 .87 

 

We observed main effects of Language Group, Sex, 

and Vowel Quantity, as well as significant 

interactions between Language and Sex, and 

Language and Vowel Quantity. These results support 

the conclusions drawn from Table 1: The significant 

main effect of Vowel Quantity indicates that full and 

reduced vowels in English differ in duration. The 

duration of vowels in general was also clearly 

different in the two language groups, being longer in 

the L2 group than in the L1 group –due to the fact that 

the L2 durations for unstressed vowels were too long 

relative to the L1 norm.  

The observed interaction between Vowel Quality 

and Language Group indicates that overall 

differences in the production of full and reduced 

vowels depend on whether English vowels were 

produced by Americans or Brazilians. Furthermore, 

both males and females showed significant 

differences in English vowel duration depending on 

whether they were English L1 or English L2 speakers 

(as reflected in the interaction between Language 

Group and Vowel Quantity).  

The evidence indicates that full vowels and 

reduced vowels are produced distinctly depending on 

sex and language group. To find out whether 

Brazilians and Americans showed a similar duration 

reduction to English vowels, a closer look is needed 

at the reduced vowel durations. The reduced vowels 

present in this dataset are the mid-central vowel (also 

known as Schwa, phonetic symbol /ә/), and the near-

front near high vowel (phonetic symbol /I/), which 
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were produced either on the first or second syllables 

of the trisyllabic words. Overall, 5,673 reduced 

vowels were available in our dataset. After outliers 

were excluded, a total of 5,535 items remained for 

analysis. 
The statistical analysis showed that Schwa 

vowels are produced overall with longer durations 

than Mid-High Mid-Front vowel vowels. This is due 

to the intrinsic characteristics of closed and open 

vowels. Mid vowels, such as Schwas, require longer 

articulation time due to the jaw opening than high 

vowels, such as Mid-High Mid-Front vowels.  

Males and females from both Language Groups 

produce comparable differences in vowel durations, 

which are relatively larger in Brazilians’ productions 

than in Americans’. Male American English speakers 

produced shorter vowels than female American 

English speakers in both L1 and L2 groups. To test if 

the differences between Brazilians’ and Americans’ 

vocalic reduction are significantly different, we ran 

two Multiple Regression Analysis, one for Mid-High 

Mid-Front vowels and another one for Schwa vowels, 

taking as a dependent variable the Square root 

duration values and as independent variables 

Language Group (American English as L1 or L2) and 

Sex. In total, 3,600 Schwas were produced. After 

outliers were excluded, a total of 3,474 tokens 

remained for statistical analysis.  

A Multiple Regression Analysis with Language 

Group and Sex factors showed that Language Group 

is significant (β = 0.35, SE = 0.08, p < .001), and Sex 

is significant (β = 0.23, SE = 0.08, p = .04) as main 

factors, but insignificant in interaction (p > .05).  The 

production of Mid-High Mid-Front vowel numbered 

2,073 tokens, but after outliers were excluded, 2,040 

tokens remained for statistical analysis. The results 

from the Multiple Regression Analysis showed the 

same pattern as in the Schwa analysis, Language 

Group and Sex are significant as main factors 

((βLanguage Group = 0.29, SE = 0.08, p < .001) and (βSex = 

0.31, SE = 0.08, p < .001)), but they are not significant 

in interaction (p > .05). As no significant interaction 

between Language and Sex was found, it indicates 

that the effects of Language Group and Sex on vowel 

duration are independent of each other. 

4. CONCLUSION 

Following studies which investigate sex-specific 

vowel duration differences, we indicated that female 

speakers produced longer vowels than male speakers 

when speaking in their L1, in this case, American 

English. This pattern was also found in the 

productions of a non-native speaking group of 

American English. Our statistical results showed no 

dependency between Language Group and Sex, so 

the inter-sex phenomenon of vowel duration patterns 

here observed, longer vowels produced by females, 

is something that occurs independently of the 

language used by speakers or language of dominance 

(L1 or L2) and is solely related to sex. 

The findings of this study have some important 

implications for phonetics studies. They provide 

further evidence for the study of inter-sex phonetic 

features as independent phenomena. They also show 

that inter-sex duration differences in vocalic 

realization are independent of language proficiency 

because the pattern emerged also in L2 productions.  

For future investigations, using data that address 

specifically male and female speech differences, 

speech rate is an important factor to be considered 

for future analyses.  

Although this is a preliminary study on the topic, 

the current data support the hypothesis that females 

produce longer vowel than males as an articulatory 

strategy to compensate for vocal tract dimensional 

differences and not because of a language specific 

factor, such as language proficiency. These 

preliminary analyses support differences in the use 

of language by female speakers and male speakers, 

as advocated by several studies, e.g. [1, 2, 3, 4, 17, 

18, 19] adding to those studies new evidence that 

female speakers produce larger vocalic duration 

contrast than male peers, not only in first language, 

but also in second language.  
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