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ABSTRACT 

Acoustic and auditory analyses of the English of 
Middlesbrough and Newcastle (UK) have identified 
pre-aspirated allophones for voiceless stops in word-final 
position for female speakers. Acoustic analysis of the 
second author, a native speaker of Middlesbrough English, 
revealed that her pre-aspirated stops were fricated 
throughout in pre-vocalic position. This paper provides 
some preliminary acoustic results on the degree of 
pre-aspiration and frication of stops in Middlesbrough 
English, and compares results with acoustic data for the 
fricated /t/ of Dublin and Hiberno-English (slit-t). 

1. INTRODUCTION 

Pre-aspirated allophones of word-final voiceless plosives 
have been identified in female speech in the cities of 
Middlesbrough and Newcastle in the north-east of England 
[1, 2, 3]. In word-medial position, intervocalic /p, t, k/ are 
pre-glottalised or glottally reinforced [1, 4], often realised 
as creaky voiced stops. These varieties of English show a 
complex pattern of allophonic variation in the voiceless 
stops which is of itself worthy of attention. In addition, 
auditorily identifiable pre-aspiration of stops is a relatively 
rare basis for contrasts among stops in the languages of the 
world [5], although voiceless sounds may show brief 
coarticulatory effects of vocal fold abduction on preceding 
vowels [6]. The sex-based variation reported for 
Middlesbrough English (MbE) and Newcastle English is an 
example of systematic variation which cannot be accounted 
for in traditional models of phonology [7]. 

Informal acoustic analysis of the speech of the second 
author revealed that her pre-aspirated word-final /t/’s were 
fricated throughout, i.e. produced with incomplete closure. 
Although fricated stops are a characteristic of colloquial 
speech in Standard Southern British English [8], regularly 
fricated allophones of voiceless plosives have been 
recorded in the city of Liverpool in north-west England [9, 
10] and also in Southern Irish English (Hiberno-English) [9, 
10, 11, 12]. In neither of these varieties is there any report 
of audible pre-aspiration accompanying the fricated stops. 
The fricated pre-aspirated plosive allophones of female 
MbE may therefore be unique. 
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study aims to provide some quantitative data on 
pirated and fricated /t/’s in MbE, and to compare 
ative data on fricated /t/’s in MbE and 
no-English. 

2. METHOD 

 female speakers of MbE were recorded in the field 
cing word-final /t/, /s/ and /S/ in pre-vocalic position. 
ition, one female speaker of Dublin English resident 
erdeen was recorded performing the same elicitation 
he test words (mat, mass, mash) were embedded in 

rrier sentence Say X again (X = test word), and 9 
s of each word were elicited per speaker. Various filler 
 also appeared. The elicitation material was presented 
 subjects in the form of a Microsoft PowerPoint slide 
 and the subjects were recorded onto a Sony MZ-R35 

Disc recorder with a Sony ECM-717 lapel 
phone. The recordings were digitised at 22,050 Hz 
 Toshiba Satellite laptop computer for analysis using 
etric’s Speech Station 2 speech analysis software. 

es were low-pass filtered at 8,000 Hz. 

s qualitative and quantitative measures were applied 
data. As the data were recorded onto Mini Disc which 
ys a compression mechanism (ATRAC) to mimic the 
ncy responses of the human ear, only very basic 

ative measures have been used. 

ration was a factor to be analysed, the length of the 
ords was measured. Vowel duration and the duration 
-aspiration were measured. The onset of the vowel 
entified by changes visible in the higher formants of 
ectrogram and changes in the shape of the waveform. 
ame criteria were applied to vowel offset and the 
on of frication. 

piration was identified either as a change in the shape 
ottal pulses, with more sinusoidal pulse shapes 
ting a longer open quotient to the glottal cycle, or 
mplitude and spectral changes affecting the formants 

 spectrogram window. In most cases a combination of 
echniques could be and were applied. 

frication was sometimes visible as high frequency 



aperiodicity in the vowel offset for the MbE speakers, 
distinct from the preceding period of pre-aspiration and the 
following period of ‘closure’ (see below). No such pattern 
was seen in the Dublin data. The duration of closest 
approximation of the articulators was also measured, i.e. 
the duration of frication for /s/ and /S/. In the case of the 
plosives, this included the duration of pre-affrication, stop 
closure and any subsequent release for /t/. 

In most cases in the MbE data (18/25) and in all but one 
token of the Dublin data, no stop closure could be reliably 
identified for /t/. For the MbE speakers, aperiodic energy 
associated with pre-affrication marked onset of 
approximation (here termed informally ‘closure’). In these 
cases a drop in amplitude of aperiodicity often followed the 
pre-affrication, but no completely silent period was seen. 
The amplitude of aperiodicity would then rise again as the 
articulators moved further apart until the onset of the vowel 
for again, giving a rise-fall-rise pattern. Often a transient 
was seen within this period of continuing frication (see 
figure 1), possibly due to relatively high intra-oral pressure 
despite the incomplete closure. This pattern was similar to 
that labelled ‘extended frication’ in Newcastle speech [2], 
although a period of ‘pre-release’ frication was usually 
visible. Similar observations have been made about the 
pre-aspirated stops in Scottish Gaelic [13]. 

Figure 1: Fricated ‘closure’ and transient. 

 

Three qualitative measures were applied to the average 
spectrum of any frication using a 512 sample Hamming 
window, and correlating the spectral patterns with the 
display in the spectrogram window. These were the low 
frequency cut-off of spectral energy, the amplitude of the 
major peak in the average spectrum, and the frequency of 
that peak. This allowed very basic measures of spectral 
differences between the fricatives and the frication 
associated with /t/ to be ascertained. 

3. GENERAL OBSERVATIONS 

All three speakers of MbE had pre-aspirated plosives. 
Some variation in productions were found, with the word 
mat being produced with a glottal allophone of /t/ in one 
case for speaker MB3 (the same speaker always produced 
the word kit with a glottal allophone). Speakers 
occasionally produced more canonical /t/ forms (7/25), but 
in all cases some degree of incomplete closure could be 
observed, e.g. pre-affrication. The Dublin speaker also 
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ced one instance of a canonically-released /t/ form, 
h the other 8 repetitions of the word mat were 
ced with slit-t’s, as expected. The elicitation of 
d forms (and some variation) from a relatively formal 
ction task suggest that this phenomenon is a pervasive 
e of MbE speech even under relatively formal 
tions. 

length durations were consistent for each speaker and 
onal results can therefore be regarded as meaningful 
t the result of changes in speaking rate. 

most significant finding was that pre-aspiration 
panies /s/ and /S/ as well as /t/ in the MbE data. 

l voicing for the vowel was relatively brief. For these 
s, it was decided to include the duration of 
piration as a feature of the preceding vowels rather 
s a feature of the coda segments (in contrast to [5, 13], 
 line with [6]). 

ases (7/25) of truly fricated /t/, with stable fricative 
 appearing throughout the period of closest 

ximation of the articulators, emerged in the MbE data 
igure 2). Most cases of coda /t/ (11/25) showed a 
ll-rise pattern in the amplitude of aperiodicity (see 
 1). 

4. DURATIONAL RESULTS 

verage durations of the vowels (including the period 
-aspiration) before /t/, /s/, and /S/ are shown for all 
ers below (Table 1). Some variation is apparent, but 
in speaker MB3 is there any large difference in 
on between the vowel duration preceding coda /t/ and 
o sibilants. Coda /t/ patterns with either /s/ (MB2) or 
UB) or with both (MB1). 

er vowel + /t/ vowel + /s/ vowel + /S/ 

84 ms 88 ms 85 ms 

114 ms 117 ms 138 ms 

102 ms 93 ms 92 ms 

136 ms 153 ms 132 ms 

1: Average vowel duration (ms) 

piration of a duration approximately equal to the 
on of the preceding modal voicing of the vowel was 
t for all 3 MbE speakers before /t/ (see Table 2). 
r durations of pre-aspiration were also seen for the 
honological fricatives. This has not been reported 
. The occurrence of such lengthy vocal fold 
tion before all 3 consonants was unexpected, and 
sted that pre-aspiration should be seen as a 
culatory property of the voiceless coda segment and 
 a part of the plosive articulation itself. 



speaker preasp + /t/ preasp + /s/ preasp + /S/ 

MB1 0.56 0.51 0.62 

MB2 0.57 0.58 0.57 

MB3 0.47 0.52 0.53 

DUB 0. 29 0.18 0.22 

Table 2: Proportion of pre-aspiration to total vowel 
duration 

Interestingly, in no cases is pre-aspiration longest before /t/, 
so it cannot be supposed that impressionistic analyses were 
reliably sensitive to the duration of pre-aspiration. In the 
Dublin data a small degree of vocal fold abduction was also 
seen for all three segments, as expected [6]. 

Figure 2: Fricated /t/ in MbE 

 

Duration of frication for the MbE sibilants was compared 
with the duration of closest articulatory approximation 
(pre-affrication, closure frication and release frication) in 
the MbE /t/. The Dublin data are also presented  (see Table 
3). For MbE speakers, the fricated /t/ had the shortest 
duration for all segments, but the difference between /t/ and 
the sibilants was not great. The Dublin data show that slit-t 
has by far the shortest average duration of frication. The 
Dublin results are in line with those of other studies, though 
absolute and proportional values differ, possibly due to the 
fact that these data were obtained from utterance medial 
tokens, not utterance final tokens as in [12]. 

speaker duration /t/ duration /s/ duration /S/ 

MB1 89 ms 97 ms 95 ms 

MB2 112 ms 113 ms 112 ms 

MB3 67 ms 72 ms 83 ms 

DUB 78 ms 120 ms 126 ms 

Table 3: Average duration of frication (ms) 

5. SPECTRAL RESULTS 

Spectral data show that the slit-t of Dublin speech is 
differentiated from the frication of /s/ and /S/ by all three 
qualitative measures applied here, as well as by durational 
characteristics. The low frequency cut-off for slit-t at 2405 
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 slit-t for this speaker was higher in amplitude at 59 
n that of /s/ (52 dB) or /S/ (53 dB). 

e 3: Slit-t in Dublin English 

 

bE data showed that in general the amplitude of the 
or fricated /t/ was lower than that of /s/ and /S/ (e.g. 38 
 opposed to 44 dB for both /s/ and /S/ for MB1). The 
equency cut-off showed some variation, but was 
 to /s/ or almost equidistant between the values for /s/ 
/ in the MbE data (e.g. MB2: /t/ 3107 Hz, /s/ 4970 Hz 
/ 1747 Hz). 

equency of the highest amplitude spectral peak also 
d between the Dublin and MbE data sets (see Table 

the MbE data, the highest amplitude spectral peak for 
d /t/ appeared close to /s/. In the Dublin data, the peak 
oser to the values seen for /S/. The variation seen 
en the MbE speakers in this measurement closely 
els the inter-speaker variation for /s/, and is perhaps 
dicative of a gradient phonetic effect. 

er peak /t/ peak /s/ peak /S/ 

6395 Hz 7457 Hz 3664 Hz 

5410 Hz 5807 Hz 3522 Hz 

7010 Hz 6677 Hz 3972 Hz 

3720 Hz 7465 Hz 3552 Hz 

4: Average peak spectral frequency (Hz) 

6. CONCLUSIONS 

reliminary data presented above on pre-aspiration and 
on of coda /t/’s in the speech of MbE females confirm 
istence of extensive pre-aspiration and incomplete 
ion leading to the production of fricated /t/’s. A 
r degree of vocal fold abduction is observed 
ing voiceless sibilants. MbE speech differs from 

n speech (and it is hypothesised, from other English 
ies) in this regard. Pre-aspiration, like aspiration, is 
y associated with plosive segments, although 
spirated fricatives do occur in Burmese [14]. 
ives with this degree of prior vocal fold abduction 



(phonetically pre-aspirated fricatives) have not been 
previously recorded to the best of our knowledge. 

This is not the only difference between MbE and Dublin 
speech, however. The durational differences between 
Dublin slit-t and /s/ and /S/, where slit-t is shorter than the 
phonological fricatives, are not as apparent in MbE. In the 
MbE case, duration of closest articulatory approximation  
in coda /t/’s is comparable to frication in /s/ and /S/. In 
spectral terms, Dublin slit-t appears to possess an amplitude 
of the major spectral peak comparable to that of the 
sibilants. In MbE, this is not the case and a lower amplitude 
is registered. The low-frequency cut-off and spectral peak 
values for Dublin slit-t are positioned close to /S/, whereas 
in MbE the values for fricated /t/ are closer to /s/, as are the 
values of the major spectral peak (Table 4). 

Although no articulatory data have been collected at this 
stage, it appears that in MbE there is incomplete lingual 
closure for /t/. It is hypothesised that the reduction in 
amplitude of frication during approximation of the 
articulators for /t/ (the rise-fall-rise pattern) is caused by 
changes in lingual posture which first direct the jet of 
egressive air towards and then away from the upper 
incisors. 

The symbol [T ] has been suggested to transcribe 
Hiberno-English slit-t [12]. It is clear on the basis of the 
data presented here that this symbol cannot be applied to 
the acoustically different MbE phenomenon. Until more 
articulatory data on the production of coda /t/ in MbE are 
forthcoming, it is proposed that the phonologically 
appropriate symbol [t4] be used. The data also indicate that 
what would be described phonologically as identical 
lenition processes (at least in this environment) in two 
varieties of English proceed in phonetically very different 
ways. 

Figure 4. Pre-aspirated /s/ in MbE. 

 

This study provides new data on the wealth of allophonic 
variation characterising voiceless plosives in varieties of 
British English spoken in north-eastern England, and also 
identifies pre-aspirated fricatives as a possible phonetic 
segment type. 
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