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ABSTRACT. Vowel reduction may be the first step towards the emergence of new syllable 
patterns in a language. Reduction is understood here as the time and gestural compression of 
phonetic units, which may or may not lead to vowel deletion. Reduction in words containing 
high vowels [i] and [u] in unstressed CVC-type syllables was evaluated. The data show that 
ultimately deletion occurs at high rates, yielding novel consonant clusters in the language. 
Usage-based phonology (Bybee 2001, 2010) provides the theoretical framework to explain how 
gradual phonetic change may lead to phonological change. 
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1. INTRODUCTION. Vowel reduction may be the first step towards the emergence of new syllable 
patterns in a language. Reduction is understood here as the time and gestural compression of 
phonetic units which may or may not lead to vowel deletion. The assumption that phonological 
change is a gradient processes is supported by studies based on dynamic phonological theories 
such as USAGE-BASED PHONOLOGY (Bybee 2001, 2010) and ARTICULATORY PHONOLOGY 
(Browman & Goldstein 1986, 1992). Dynamic phonological theories predict that phonological 
change derives from gradual changes on lexical and phonetic levels, thus affecting different 
words and phonetic environments in distinct ways. 
 Gradience in vowel reduction phenomena provides evidence that phonetic detail is 
actually present in phonological representations, suggesting a greater proximity between levels 
traditionally regarded as distinct. For instance, speakers can process (and produce) the same 
word with different vowel qualities, degrees of voicing and vowel durations (including zero 
duration, i.e. vowel deletion) every time they speak. Each of these different pronunciations is 
stored in the speaker’s memory, thus enabling processing of gradually variable vowel durations. 
Hence, phonetically different instances of the same unit can be naturally processed as part of 
language representation without eliminating redundant information. 
 In this context, articulatory phonology (Browman & Goldstein 1986, 1992) is a useful 
framework to explain variation data, for it accounts for phonetic gradience as a result of 
articulatory adjustments. In articulatory phonology, gestures are the basic units of phonological 
contrasts. Gestures are abstract characterizations of articulatory events that have intrinsic 
durations. According to Iskarous (2010), important principles of articulatory phonology are: 
 

• Dynamic principles and adjustable motor parameters explain sound variation.  
• Various aspects of phonological structure result from the dynamic expression of 

linguistic tasks and their interaction.  
 
 A great deal of phonetic and phonological variation are found in Brazilian Portuguese. In 
the Belo Horizonte variety, an ongoing vowel reduction phenomenon can be observed in the 
pronunciation of pre-stressed CVC syllables in words containing high vowels. Two examples of 
the variation are given below.  
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1. Reduction of [i]: pistola [pis]tola ~ [pi ̥s]tola ~ [ps]tola: ‘pistol’;  
2. Reduction of [u]: buscava [bus]cava ~ [bus̥]cava ~ [bs]cava:‘(s/he)sought’ 

 
 This study investigated the reduction of pre-stressed high vowels [i] and [u] in the Belo 
Horizonte dialect of Brazilian Portuguese. The two vowels were examined in the context of 
CVC-type syllables in which the coda consonant position was always occupied by the sibilant 
[s]. 
 
2. VOWEL ARTICULATION AND REDUCTION 
 
2.1. ARTICULATORY CHARACTERIZATION: PHONATION. An important factor for evaluating the 
influence of voicing gradience in vowel reductions is to understand the different configurations 
of the vocal cords during speech production. Vowel segments are articulated by means of the 
vibration of vocal cords, which are stretched or relaxed due to larynx muscle activity (Martin 
2008). The larynx either allows the sound to flow freely through glottal space to produce 
voiceless sounds or it can adjust the vocal cords to disturb the airflow to produce different 
degrees of voicing. Voicing can be understood as the product of the rapid opening and closing 
movements of the glottis, in response to air pressure generated in the trachea. The muscular 
action of the larynx can be controlled by the speaker, who may adjust the vocal cords in order to 
produce phonatory effects beyond voicing and devoicing.  
 Just as the muscular action of the articulators is variable and presents different degrees, it 
is expected that voicing too can be gradual. Variations in control of the glottis can be employed 
in different languages to indicate linguistic information, especially through phonation contrasts 
between two or more types of vowel (Ladefoged 1971). 
 A criterion commonly used to characterize vowel production phonetically is to specify 
the different configurations of glottal space during speech. Ladefoged (1971) suggests that 
different kinds of phonation be defined by the degree of openness of the vocal cords. Phonatory 
differences can therefore be classified on a voicing continuum, ranging from total glottal 
occlusion through devoicing to modal voicing and beyond (Gordon & Ladefoged 2001). The 
diagram below represents phonation types according to the degree of openness of the vocal 
cords. 
 

 
 

FIGURE 1. Phonation Types According to Glottal Configuration 
(Gordon & Ladefoged 2001). 

 
 

 The diagram shows that the gradual nature of phonatory types allows for vowel 
articulation to be expressed in a gradient manner, taking the form of a voicing continuum. The 
existence of a voicing continuum thus implies phonetic gradience in the production of vowels. 
An articulatory examination of vowel production in contexts of language change and variation 
may indicate a gradual alteration of voicing in vowel reduction phenomena. The voicing 
continuum serves as an articulatory explanation for phonetically motivated vowel deletion in 
cases such as [pis]tola ~ [pi̥s]tola ~ [ps]tola for pistola ‘pistol’. 

104



	  

 Articulatory production of vowels was examined in this research by means of an 
electroglottograph. This electric device measures the vibrations of the vocal cords via electrodes 
placed around the speaker’s larynx area (Rothenberg & Mashie 1988). The electroglottograph 
(EGG) produces a physiologically safe electric current that monitors vocal cord movement 
during speech, allowing for the characterization of vowels in an articulatory gradient manner 
(Vieira 1997).  
 

 
FIGURE 2. Schematic representation of how the EGG words 

(Rothenberg & Mashie 1988). 
 
 

 During phonation, the vocal folds are intermittently separated by the glottis. As the vocal 
folds move apart, the glottis opens, increasing the electrical impedance across the larynx. When 
the vocal folds come closer together, the size of the glottis subsequently decreases the electrical 
impedance across the larynx. These changes in the electrical current are then recorded into the 
EGG to be later aligned with acoustic measures, such as Praat (Boersma & Weenik 2012) for 
determining voicing patterns. The figures below show how acoustic and articulatory data can be 
paired to allow for an analysis of gradualness in the voicing of vowels.

105



	  

 

 

 
 
 

 
[p i s] 

FIGURE 3. Spectrogram and EGG data paired for the syllable [pis]. 
 
 

2.2. ACOUSTIC IDENTITY: THE BRAZILIAN PORTUGUESE VOWEL INVENTORY. Word stress is 
variable in Portuguese. Stressed and unstressed vowels have different statuses in Brazilian 
Portuguese (henceforth BP). In BP, the number and distribution of vowels are directly related to 
stress placement. This pattern that differentiates vowels according to stress is linked to a number 
of historical vowel change phenomena that have given rise to the current vowel inventory. The 
present description is based on the early work of Câmara Jr. 1973 and a more recent 
characterization in Cristófaro-Silva 1996. Historical data come from Teyssier 2001. 
 In contemporary BP, seven oral vowels [a, e, ɛ, i, o, ɔ, u] contrast in stressed position, 
whereas in unstressed positions the number of contrasting vowels is smaller. In pre-stressed and 
post-stressed medial positions, five vowels [i, e, a, o, u] have vowel contrastive status. Word-
finally, only three vowels [ɪ, əә, ʊ] contrast in most varieties of BP. These final unstressed vowels 
have arisen from reductions in unstressed word final position in more recent times: [i] > [ɪ], [a] > 
[əә] and [u] > [ʊ] (Cristófaro-Silva 1996). This is the case of the spoken language in Belo 
Horizonte. 
 Historically, close mid vowels have been affected by raising phenomena (Teyssier 2001), 
i.e. [e] > [i], [o] > [u] in unstressed final position in the majority of dialects. In addition, the 
contrast between the pairs of mid vowels [e, ɛ] and [o, ɔ] has long been lost in unstressed 
positions. The complete inventory of oral vowels in the Belo Horizonte variety of BP can thus be 
summarized as follows: 
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PRE-STRESSED 
AND POST-

STRESSED VOWELS 
STRESSED VOWELS 

FINAL 
UNSTRESSED  

VOWELS 
[i] [i] 

[e] 
[e] 

[ɛ] 
[ɪ] 

[a] [a] [əә] 
[o] 

[o] 
[ɔ] 

[u] [u] 
[ʊ] 

TABLE 1. BP vowels according to stress and position within the word. 
 
 

2.3. VOWEL DURATION IN BP. The present work uses vowel duration measurements as evidence 
of pre-stressed [i] and [u] reduction. Both internal and external factors influence the duration of a 
vowel. Important external factors are phonetic quality of the adjacent segments and position of 
the vowel within the word. This research tested the influence of both factors in duration. The 
results of three previous studies that measured the duration of vowel segments in BP are 
presented in Moraes 1999, Faveri 2000, and Cantoni 2013.  
 Although the data in Moraes 1999 and Faveri 2000 do not come from the variety under 
investigation in this paper, they serve as indications of how vowel duration influences the 
possible emergence of consonant clusters. I will show that shorter vowels in the Belo Horizonte 
dialect may suggest why this variety shows signs of new syllable patterns. Moreover, these three 
studies confirm the crosslinguistic tendency for high vowels to be shorter than mid or low 
vowels (Lehiste 1970, inter alia). 
	   Moraes (1999) measured the duration of vowels in pre-stressed, stressed and unstressed 
final position in an experiment with speakers of the Rio de Janeiro variety of BP in three speech 
modes. The table below illustrates the durations of the vowels pronounced in regular speaking 
mode in milliseconds: 
	  

CONTEXT / 
VOWEL 

i e ɛ a ɔ o u 

PRE-STRESSED 80.3  91.6 - 97.6 - 94.6 79.6 
STRESSED 125.6 136.4 150.5 141.6 150.7 140.2 127.6 
POST-STRESSED 69.7 - - 101.9 - - 71.9 

TABLE 2. Mean Duration of BP Vowels in Moraes 1999. 
 
 

 Table 2 shows that high vowels had shorter durations, and the vowel [i] is the shortest in 
pre-stressed and tonic contexts. In the pre-stressed context, there was a slight difference between 
[u] and [i], [u] being the shortest. 
 Faveri (2000) studied oral vowels in the Portuguese spoken in Santa Catarina state. The 
results point to a shorter duration of the vowel [i] among all the vowel inventory of the PB. As in 
Moraes 1999, the high vowels [i] and [u] are the shortest. The average durations obtained from 
her study were as follows: 
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CONTEXT / 
VOWEL 

i e ɛ a ɔ o u 

PRE-STRESSED 46,3 70,9 - 72,4 - 70,3 61,9 
STRESSED 83,9 116,3 119,2 107,6 126,2 104,6 103,4 
POST-STRESSED 49,7 - - 64,0 - - 54,8 

TABLE 3. Mean Duration of BP Vowels in Faveri 2000. 
 
 

 Cantoni (2013) measured the duration of the vowels [i] and [u] as part of her dissertation 
on prosodic patterns of Belo Horizonte Portuguese. She gathered vowel duration data related to 
pre-stressed, stressed and final unstressed position. The following results were obtained: 
 

CONTEXT / VOWEL i u 
PRESTRESSED 39,7 51,9 
STRESSED 75,9 86,4 
POST-STRESSED 23,5 38,8 

TABLE 4. Mean duration of [i] and [u] in Cantoni 2013. 
 
 

 Consistent with the results from Rio de Janeiro (Moraes 1999) and Santa Catarina (Faveri 
2000) variants of BP, Cantoni’s (2013) measurements of the durations of pre-stressed vowels [i] 
and [u] in Belo Horizonte show that they are shorter than those of the same vowels in stressed 
position. The data presented above reinforce the evidence for the intrinsic shorter duration of 
high vowels in all positions within the word in BP. The results in Cantoni 2013 also point to the 
fact that high vowels are comparatively much shorter in the Belo Horizonte variety than in other 
dialects of BP. 
 
2.4. VOWEL DELETION AND THE EMERGENCE OF SYLLABLE PATTERNS. The non-production of 
vowels in syllables of the CVC-type would result in the emergence of unusual phonotactic 
patterns in the Portuguese of Belo Horizonte. The absence of a vowel in the syllable nucleus 
would generate a novel sequential arrangement of the remaining consonants, such as in piscar 
[pis]car > [psk]ar ‘to blink’. In pronunciations like [psk]ar, the syllabic pattern expected for 
Portuguese, which consists of a maximum of two consonants in tautosyllabic position, would be 
violated in a sequence of three consecutive consonants. The maximum number of segments that 
make up a Portuguese syllable has the following configuration (adapted from Cristófaro-Silva 
1996): 
    

SYLLABLE SEGMENT 
C1 stop 
C2 liquid 
V vowel or diphthong C1C2VC3 

C3 sibilant or rhotic 

TABLE 5. Longest syllable type in Portuguese. 
 
 

 Thus, the emergence of consonant clusters with three or possibly more consonants would 
be highly innovative, since Portuguese typically allows only sequences of stop consonants 
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followed by either one of two liquid consonants ([l, ɾ]) (Câmara Jr 1973, Parkinson 1990, 
Cristófaro-Silva 1996, Collischonn 2001). If high vowels are indeed deleted in CVC-type 
syllables, some of the innovative segment sequences would look like the following: 
 

VOWEL	   STANDARD 
PRONUNCIATION 

NOVEL 
PRONUNCIATION	  

EMERGING 
SYLLABLE GLOSS 

[kus].tó.dia [kstɔ].dia *CCCV	   ‘custody’ [u] 

[bus].car [bskah] *CCCVC	   ‘to search’ 

[pis].ta.che [psta].che *CCCV	   ‘pistacchio’ [i] 

[pis].car [pskah] *CCCVC	   ‘to blink’ 

TABLE 6. Emerging syllables from vowel deletion. 
 
 

 High vowel deletion therefore has important implications both for syllable and 
phonotactic patterns in BP. Given that it is solely the vowel that is deleted in such instances, the 
remaining consonants would have to be regrouped in unusual combinations. The next section 
reviews a number of studies that correlate phonetic factors to vowel reductions.  
 
3. VOWEL REDUCTIONS AND DELETION IN THE WORLD’S LANGUAGES. Gordon (1998) presents a 
survey of 55 languages in which non-modal vowels occur. Non-modal vowels are defined as any 
vowel sound produced with phonation types other than full, i.e. creaky voiced or devoiced 
vowels. Based on the analysis of phonetic and phonological phenomena affecting these 
languages, he cites a number of common features that lead to devoiced or voiceless vowels. 
Factors that trigger devoicing are commonly of articulatory (vowel height, duration, adjacent 
segments) and prosodic character (distance to prosodic border, stress placement) affecting mostly 
unstressed vowels.  
 In a personal communication on the typology of voiceless vowels, Chitoran and Marsico 
(2010) present a survey of the factors that favor phonetic vowel devoicing in 39 languages, 
among them BP. These factors coincide with those cited by Gordon (1998) and suggest a 
structural explanation for the occurrence of vowel devoicing. Both works suggest that there are 
restrictions to devoicing depending on the type of segments in the vowel’s phonetic vicinity. The 
table below illustrates the five factors that motivate devoicing, according to Gordon (1998) and 
Chitoran & Marsico (2010): 
 

CONDITIONING FACTORS 
 

Vowel Height  
Vowel Stress  
Speech Rate 

Voicing of Adjacent Segments 
Distance to Prosodic Borders 

 
TABLE 7. Conditioning Factors for Vowel Devoicing in Gordon 1998 and 

Chitoran & Marsico 2010. 
 

109



	  

If voicing is considered to be a continuum, devoicing is but a point on the scale that goes from 
the full articulation of the vowel to its total deletion in the opposite end. Such a voicing scale 
would therefore include deletion and devoicing in the same analysis. Consequently, deletion 
would be the final stage of a vowel reduction phenomenon in the direction of consolidating the 
change. 
 Previous studies show that high vowel devoicing takes place in BP. Câmara Jr (1973), 
Bisol and Hora (1993), Abaurre and Sândalo (2007), Leite (2007), Battisti and Herman (2008) 
and Assis (2010) all report devoicing of [i] in unstressed position. I showed in Napoleão 2010 
that in addition to [i], there is a combination of structural factors that favor the devoicing of the 
vowel [u] in pre-stressed CVC syllables closed by the fricative [s]. In the next section the method 
used to investigate the correlation of vowel reduction, devoicing and deletion in the present 
research. 
 
4. METHODOLOGY 
 
4.1. CRITERIA FOR THE CLASSIFICATION OF OVERALL VOWEL REDUCTION. To test the hypothesis 
that high vowel reduction leads to vowel deletion, a controlled experiment was devised. This 
work specifically aimed to evaluate the behavior of high vowels in pre-stressed CVC syllables in 
words such as pistache [pis]tache ‘pistachio’ and buscado [bus]cado ‘(it was) sought’ in Belo 
Horizonte Portuguese. The target vowels were classified as reduced and assigned the value 1 if 
the presented atypical spectrographic characteristics. Non-reduced (or full) vowels were 
attributed the value 0.  
 Cases in which there was no visible formant information, (i.e. cases of vowel deletion) 
were also labeled variant 1. The EGG was used to determine whether a vowel had been deleted 
or simply reduced. All vowels whose formants presented the distinct acoustic characteristics of 
the vowel in question were considered to be variant 0 - full vowel. The values were subsequently 
tallied for each individual token so as to assess the rate of reduction in the sample. Figure 4 
below illustrates instances of vowels that were considered full (left) and reduced (right) in the 
sample, and Figure 5 illustrates a case of vowel deletion. 
 
 

 
 

      [pis]     [pi̥s] 

FIGURE 4. Spectrograms showing the syllable [pis] in full and reduced pronunciations in the 
words copista ‘copier’ and episcopal ‘bishop’s’, respectively. (Speakers G3 and H2, slow 
repetition). The arrows indicate the approximate beginning and end of the syllables. 
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              [pis]            [ps]  

FIGURE 5. Spectrograms showing the syllable [pis] in full and reduced (deleted) pronunciations 
in the words copista ‘copier’ and episcopal ‘bishop’s’, respectively. (Speakers G3 and G4, slow 
repetition). The arrows indicate the approximate beginning and end of the syllables. 

 
 

 Despite different methodological approaches, previous studies (cf. Section 3 above) on 
unstressed vowel reduction reviewed above show broad agreement on the structural factors that 
motivate the occurrence of the phenomenon. These observations were taken into account in the 
experiment design, which sought to verify their accuracy regarding Belo Horizonte Portuguese. 
The lexical items in the sample were thus assessed according to the following structural features: 
 

• VOWEL FRONTNESS – [i] or [u]. Previous works indicate that the vowel [i] is more prone to 
undergo reduction phenomena than the back vowel [u].  

• SPEECH RATE – faster or slower speech rate. Faster speech reportedly favors the 
occurrence of reduction, for it increases the chance for gestural overlap.  

• VOICING OF THE PRE-VOCALIC CONSONANT IN THE SYLLABLE TESTED – voiced or voiceless 
prevocalic consonant. Voicing overlap can cause vowels occurring after voiceless 
consonants to undergo reduction by assimilation.  

• POSITION OF THE SYLLABLE TESTED – initial or non-initial position within a word. Initial 
syllables show prominence that could hinder vowel reduction phenomena in their nuclei.  

• TOKEN FREQUENCY – higher token frequency versus lower token frequency. Token 
frequency reportedly favors the occurrence of phonetically-conditioned reductions.  

 
4.2. ORGANIZATION OF THE WORDS TESTED. In total, sixty words containing the sequence C1V[s] 
were selected for the experiment. High vowels [i] and [u] were the dependent variables in this 
research. Lexical items were selected from two sources: the corpus of the Avaliação Sonora do 
Português Atual (ASPA) Project and the online Houaiss Portuguese Dictionary (Houaiss, Villar 
& Mello 2009). The main criterion for the selection of the items was the phonetic context, 
irrespective of the grammatical category to which the words belonged. Nouns were nonetheless 
preferred whenever possible. The CVC syllables found in the dictionary are shown below. 
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CONSONANTS 
VOWELS 

p_s b_s t_s d_s k_s g_s 

i   -  - - 

u    -   

TABLE 5. CVC syllables containing [i] or [u] found. 
	  
	  

 Two experimental control measures were taken to control for stress and vowel height. To 
test if primary stress restricted the occurrence of reductions, words containing stressed CVC 
sequences containing [i] and [u] were added, for example sambista [sã.'bis.təә] ‘samba dancer’ 
and robusta [ho.'bus.təә] ‘robust’. As a control factor for vowel height, words containing pre-
stressed CVC sequences in which V was the low vowel [a], e.g. pastagem [pas.'ta.ʒẽɪ̯] ‘pasture’ 
were also included (see Table 6 below).  
 Phonological (prosodic) words consisting of a noun plus a different word (e.g. o bistrô 
‘the bistro’) were used in cases where a word containing the CVC syllable configuration desired 
was not found. In addition, some words that have mid vowels subject to raising were used. 
Tables 6–7 below display the words used in the experiment. Control words are shown in italics, 
words containing vowels subject to raising are shown in brown shading and phonological words 
are shown in blue. 
 

VOWEL / [i] [u] [a] 

CONSONANT [p] [b] [p] [b] [p] [b] 

+ 

FREQ. 
cam.pis.ta sam.bis.ta ca.puz ro.bus.ta pas.ta bas.ta 

STRESSED 

- FREQ. co.pis.ta clu.bis.ta pús.tula bus.ta em.pas.te bas.tos 

pis.tola bis.coito pos.tiço bus.cando + 

FREQ. pis.tache bis.caia pus pressão bus.cava 
pas.tagem bas.quete 

pis.coso bis.cate pus.tulenta bus.pirona 
INITIAL 

- FREQ. 
pis.cada bis.pado pus.tuloso bus.tuário 

pas.toso bas.tarda 

e.pis.copal o bis.trô com.pos.tura com.bus.tão + 

FREQ. des.pis.tar o bis.turi ca.puz preto ro.bus.tez 
pas.coal a.bas.tecer 

des.pis.tou ra.bis.tel o.pus.cular re.bus.cada 

PRE-

STRESSED 

MEDIAL 

- FREQ. 
re.pis.car ra.bis.car cre.pus.cular ro.bus.tece 

re.pas.tar a.bas.tado 

TABLE 6. Words with CVC syllables starting with [p, b] tested. 
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FREQUENCY SYLLABLE TYPE 
 [dʒis] [tus] [kus] [gus] 
+ freq. disputa tostão custeio gustavo 
- freq. discado tuscana custódia gustaio 

TABLE 7. Words with CVC syllables starting with [dʒ, t, k, g] tested. 
 
 

 The token frequency of each item was checked using the ASPA Project frequency 
counter. The sample was then divided into two groups according to their individual frequency: 
more frequent items (total token frequency of over 70 in the corpus) and less frequent items (0 to 
50 occurrences in the corpus). Frequencies were obtained from a corpus of 228,766,402 written 
words compiled by the ASPA project. A corpus of written language was selected due to the 
unavailability of a spoken language corpus of Belo Horizonte Portuguese at the time this 
research was undertaken. 
 
4.3. EXPERIMENT DESIGN AND DATA COLLECTION. The present study was based on the analysis of 
speech data recorded in an experiment with 16 adult informants from Belo Horizonte, Brazil. To 
participate in the study, informants had to originally be from Belo Horizonte and to have always 
lived in the city with no absence longer than six months. All informants had a similar level of 
education; they were namely undergraduate students at the Federal University of Minas Gerais 
(UFMG) or already possessed a bachelor’s degree. Two age groups were established: half of the 
participants were younger than 25 years old and half was older than 35 years old. The mean age 
of the younger group was 23 years and 48 years for the older group. An equal number of men 
and women participated.  
 The 60 words tested in the present study were put in different carrier sentences created 
for the purpose of assessing pre-stressed high vowel reduction. Carrier sentences contained a 
total of eight (8) syllables each, with adjacent syllables alternating between strong and weak to 
ensure prosodic systematicity. The syllable tested was always the third one in the sentence. 
These measures were introduced so as to control for prosodic prominence in the syllables tested. 
Carrier sentences varied according to the length of the word tested (two, three or four syllable-
words). The overall number of syllables in the carrier sentences was kept the same. Although 
distance to prosodic borders does play a role in unstressed vowel reduction (Gordon 1998, 
Chitoran & Marsico 2010) the present study did not test such variables. 
 To assess whether speech rate influences reduction, subjects were asked to read each set 
of four repetitions with increasing speed. The first reading was to be at the speaker’s normal 
reading speed. From the second reading on, informants were asked to read each sentence a little 
faster. The fourth and last reading was the fastest. The sentences were presented in slides 
programmed to change at predetermined time lengths. Visual aids helped the participants keep 
track of the speed of the repetition. Only the first and last repetitions, that is, the slowest and the 
fastest ones, were included in the present analysis. 
 Participants were recorded individually in a soundproof booth inside the Center of 
Speech Studies (CEFALA) of the Faculty of Engineering at the University of Minas Gerais 
(UFMG), in Belo Horizonte, Brazil. Recordings began after a short habituation phase in which 
the outline of the experiment was explained to the speakers. They were not informed of the goal 
of the experiment and took four programmed breaks during each session. Each participant could 
choose when s/he wanted to start the experiment again after the breaks. 
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5. RESULTS AND DISCUSSION. The recordings produced 1,920 tokens of vowels for the analysis. 
Of these, 108 were discarded due to several reasons, totaling in 1,812 vowel tokens analyzed in 
this study. The results of the overall vowel reduction analysis follow. 
 

VOWEL TOKENS REDUCED TOKENS % 

[i] 562 346 62 

[u] 584 205 35 

TOTAL  1.176 551 47 

TABLE 8. Overall results.	  
 
 

 When broken down according to speech rate (fast versus slow) results showed a clear 
tendency for reduction in the fast speech rate, as predicted by articulatory phonology and usage-
based theory. Results are shown in Table 9, and Figure 6 below shows the results in a graph. A 
chi-square test was used to evaluate the difference between the speech rates. 
 

 [i] [u] BOTH 

 N % N % N % p 

SLOWER 118 41 37 12 155 26 

FASTER 228 79 168 55 396 67 
<0.0001 

TABLE 9. Results according to vowel type and speech rate. 
 
 

 
 

FIGURE 6. Results according to vowel type and speech rate. 
 
 

 As explained in the introduction, the term reduction is used in this paper to include both 
partially reduced (i.e. shorter) vowels and deleted vowels. If one breaks down the above results 
into those two categories, partially reduced versus deleted vowels, the following percentages 
emerge: 
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VOWEL  PARTIALLY REDUCED DELETED 

[i]  0.33 0.67  

[u]  0.42 0.58  

TABLE 10. Percentage of partial reductions versus deletion of [i] and [u]. 
 
 

 The numbers show that deletions comprise most of the reduction cases for both vowels, 
suggesting not only that new consonant sequences are emerging but also that vowel deletion is 
not a categorical phenomenon. These facts corroborate predictions made by articulatory 
phonology and usage-based theories in that gradualness is an important part of phonological 
change. 
 
6. CONCLUSION. Statistical analyses of the results demonstrate that reduction of pre-stressed [i] 
and [u] is taking place at high rates in the dialect. Moreover, the data showed that there is indeed 
a trend for vowel deletion, thus yielding unusual sequences of segments of up to three 
consonants. Words were affected differently according to a number of factors tested. Variables 
such as vowel type, speech rate, stress and speaker age were relevant in the occurrence of high 
vowel reduction. Frequency effects played a role in words containing [u]. The high rate of 
reductions for the vowel [i] might suggest it is no longer subject to frequency effects, given that 
the change is approaching completion. Additional experiments are needed to evaluate this 
hypothesis.  
 The experiment indicates that vowel reduction may lead to the emergence of new syllable 
patterns. Differences in the range of occurrence of the phenomenon suggest that this ongoing 
change manifests itself in a gradient fashion. Compensatory lengthening as well as the 
simultaneous occurrence of deletion and partial reductions contribute to the view that gradience 
plays a role in the emergence of new linguistic units. 
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