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Two experiments investigated whether listeners change their vowel categorization decisions to
adjust to different accents of British English. Listeners from different regions of England gave
goodness ratings on synthesized vowels embedded in natural carrier sentences that were spoken
with either a northern or southern English accent. A computer minimization algorithm adjusted F1,
F2, F3, and duration on successive trials according to listeners’ goodness ratings, until the best
exemplar of each vowel was found. The results demonstrated that most listeners adjusted their
vowel categorization decisions based on the accent of the carrier sentence. The patterns of
perceptual normalization were affected by individual differences in language backgfewnd
whether the individuals grew up in the north or south of Englaadd were linked to the changes

in production that speakers typically make due to sociolinguistic factors when living in
multidialectal environments. @004 Acoustical Society of AmericdDOI: 10.1121/1.1635413

PACS numbers: 43.71.Es, 43.71.BpFA] Pages: 352-361

I. INTRODUCTION of anatomical variation, such as the length of the talker’s
o ) N vocal tract and characteristics of their glotts.g., Hillen-

In multld_lalectal envwonm_entéze.g., large cities such_ as prandet al, 1995; Ladefoged and Broadbent, 1957; Nearey,
London), native speakers of different accents regularly inter-19gg | isteners have been thought to normalize for anatomi-
act with one another. Speakers in these environments oftefy| variation by relying on gross acoustic—perhaps
avoid variants that are markedly regional or unusual, in ordefyngyage-universal—characteristics of the speech signal such
to facilitate communicatiorTrudgill, 1986 and to appear g the fundamental frequency of the vowel and the range of
cosmopolitan(Foulkes and Docherty, 1999However, they  ormant frequencies used in a carrier sentefsee Nearey
also retain some regional variants that show their aIIegianceLgSg for a reviewl. However, accent normalization is dif-
to particular SO(?'aI or geographlcal grouesg., Foulkes and  ferent hecause the realizations of phonemes in an accent can-
Docherty, 1999; Trudgill, 1986; Watt, 1988n order to un- ot he predicted from such basic acoustic factors. That is,
de_rstand sp_eech_, Il_steners must somehow tolerate or adlUSt§Ecent normalization must require more language-, accent-,
this phonetic variation. and phoneme-specific processes.

In British English, the focus of the present study, vowels oy might listeners accomplish accent normalization?
are particularly important for distinguishing accertesg., Exemplar models of speech perceptiée.g., Goldinger,
Wells, 1982. Vowels can be used, for example, to broadly 1996 1998 have theorized that listeners store phonetically
classify the many regional accents in England as northem Qjetajled memory traces every time they listen to speech.
southern (Trudgill, 1986; Upton and Widdowson, 1996 Johnson(1997 has suggested that these exemplar represen-
Speakers of southern English accents use the vpMéh  a4ons can produce talker normalization effects, if listeners
words such asb.uck but northern English speakers do not compare the words that they hear to stored exemplars of
have this vowel; they sayuckwith a higher vowel[u], such  gneech produced by similar talkers. Accent normalization
that it becomes a homophone or near-homophonboqk can be viewed as an extreme example of this kind of talker
Southerners and northerners both use the vol@gsnd[a:],  ormalization(see also Nygaard and Pisoni, 1998 that
but with somewhat different lexical distributions; words suchy,o incoming speech could be compared to stored exemplars
asbath, danceandaskare produced witha:] by southermers ¢ sneech produced by talkers with similar accents. For ex-
and [a] by northerners, even though mos.t WOI’.dS that haVeample, individuals who have experience with different Brit-
these vowelge.g.,badusing[a], andbard using[a:]) donot  jsn" accents may be able to recognize northern-accented
cﬁffer between accents. When .Ilstenmg to a soujtherner, Napeech by mapping it onto similar stored exemplars pro-
tive speakers of_northern English are thus TEQ_U"@d to mag;ced by northern talkers, and recognize southern-accented
Words_that contaifia:] and[a] onto their own lexical repre- speech by mapping it onto similar stored exemplars pro-
sentations that may be based [ah and[u]. i o duced by southern talkers. Listeners may thus be able to fully

Previous research on vowel normalizatioms primarily  aqjyst to vowel differences between accents, provided that
examined how listeners adjust to the acoustic CONSeqUeNnCsey have had previous experience with similarly accented
speech.
dElectronic mail: bron@phon.ucl.ac.uk The evidence from cross-language speech research,
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however, suggests that individuals cannot easily adjust thejusted their vowel categorization decisions when listening to
phonemic categorizations to match the talker, at least whespeech produced in SSBE and Sheffield English accents.
listening to foreign or foreign-accented speech. Novice lis1.ondon is a multidialectal community, and anyone living in
teners tend to assimilate foreign phonemes into the santhe city for an extended period of time will have had expe-
categories that they use for native speéelege, 1992; Best, rience with listening to and interacting with speakers of
1994; Bestet al,, 1988, 200L Although more experience northern and southern English accents, as well as a wide
with a foreign accent improves recognition abilitiés.g.,  variety of other accents. All listeners in experiment 1 thus
Clarke, 2002, the category assimilation processes are diffi-had experience with different English accents, but their own
cult to modify; experienced listeners continue to assimilatenative accents differed in terms of being northern or south-
most foreign phonemes into native categories, and creatern.
new categories for foreign speech primarily in cases where
the foreign phonemes are too different from the native phoA. Method
nemes to be strongly assimilatéélege, 1992, 1995 1. Participants

_Even bilingual listeners do not appear to strongly adjust  yyenty-three subjects were tested. All were native En-
their phonetic categorization processes when switching bejish speakers resident in London at the time of testing. They
tween different languages. One could expect, for examplé,oq Jived in London for an average of 8.6 years, with a
that a Spanish—English bilingual would have a categoryninimum of 1 year. The subjects were 20—45 years old, had
boundary for /d/-/t/ at a shorter VOT for Spanish than for, ynown hearing problems, and reported no speech or lan-
English, because Spanish speakers produce /t/ with a shortgyage gificulties. Three subjects were dropped from the ex-
VOT. However, late or weak bilingual listeners appear to Useyariment because their best exemplar locations were not re-
a single VOT boundary in both languages; they set theiljgpe (j.e., their best exemplar locations for vowels that are
VOT boundary to a compromise location between Englisty, oy ced the same in SSBE and Sheffield accents, such as in
and SpanishFlege, 1991, 1992 There is some evidence e \ordshird andbed differed by more than 2 ERB in the
that early or strong bilinguals adjust their VOT boundariesyq carrier sentencesOf the remaining 20 subjects, 10 were
for different language¢Elmanet al, 1977; Flege and Eeft- o southern England and 10 were from northern England.
ing 1987; Hazan and Boulakia, 199Dut the magnitudes of g ¢jassification of background was based on where they
these boundary shifts are small and it is possible that thesg, 4 jived between the ages of 5 and 18 years, an important

shifts may be caused by postperceptual procedaisn and  harinq for the development of acceffoulkes and Docherty,
Flege, 1993 The perception of different accents within the 1999.

same language could operate similarly to these cross-
language cases; listeners may assimilate the incoming speegh stimuli and apparatus

to the phonetic categories of their own native accent without The stimuli consisted of synthesized vowels in the pho-

making specific adjustments for the accent of the speakefeyic onyironments /b/-V-/d, /b/-\8/, and /k/-\-/d/, embed-
(see Flege, 1992and create new categories only in CaS€S4ed in naturally spoken recordings of the carrier senténte

where the non-native phonemes are too different from nativ%sking you to say the word [ ] pleas&he /b/-V-b/ words
phonemes 10 be strongly assimilated. were included because northerners and southerners produce

hei | L hen li . h SEath with different vowels. The /k/-V-/d/ words were in-
their vowel categorizations when flistening to speech prog luded in case the potential shift in thed and cud vowels

duced with different accents within the same language. T Bh accent was affected by lexical influencée., if these
study contrasted two varieties of British English: SheffieldWords were produced with the northefu] vowel ’cud and
English, a northern variety, and Standard Southern Britis'lould would become homophones, botd woulc’j not be-
English (SSBB. Listeners with varying backgrounds were come the same as any lexical com,peiitor

tested: northerners and southerners living in Lon@xperi- The carrier sentence was produced in both Sheffield
ment 1 and northerners living in the north of Englacix- nd SSBE accents by the same male speaker
periment 2. Listeners heard synthesized vowels embedde omasknjo?saws:d---pli:s] in Sheffield and

in natural carrier sentences that were produced in either ma:skigju:tosadows:d-—pli:s] in SSBE. Multiple in-

Sheffield or SSBE accent. They 9"5?"‘9 goodness ratings on t fances of the carrier sentences were recorded in each accent

exemplar of each vowel was found. The aim was to assess. 4 had then moved to the south of England, where he had

whether listeners change t heir best exemplar Io.cation.s bas‘ﬁged for 7 years. This speaker was selected because he had
on the accent of .the carrier sentence. .Of particular mteresén unusual ability to switch between accents at will, and was
were the vowels' Irbath, bud andcud which are produced able to produce versions of both accents that sounded like
very differently in northern and southern English accent§yose of native speakeftsn addition to the carrier sentences,
(Wells, 1982. the speaker was recorded reading a 2-min passage from a
novel in both accents.

CVCs were embedded in the carrier sentences. The

Experiment 1 investigated whether listeners from thebursts, fricatives, and aspiration were spliced from the sen-
north and south of England who were living in London ad-tence recording, and the voiced portions were synthesized

II. EXPERIMENT 1
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on-line using the cascade branch of a Klatt synthesizethe voice quality of the natural speech produced by this
(Huckvale, 2003; Klatt and Klatt, 1990to allow for fine- talker.

grained coverage of the entire vowel space. Each stimulus The stimuli were put together on-line during the experi-
had a middle portion in which the formant frequencies werement and played at a sampling rate of 11 kHz using a com-
static, and had formant transitions appropriate for the consgputer sound card and headphoti€ennheiser HD 414in a
nants (see below. All transitions were linear. The stimuli sound attenuated booth.

varied in terms of F1-F3 frequencies and duration of the

middle portion. F1 frequency was restricted so that it had &. Procedure

lower limit of 150 Hz and an upper limit of 950 Hz. F2
frequency was restricted to have a lower limit of480 Hz,
and had an upper limit defined by the equation

There were two testing sessions, one for each accent.
The order of presentation was counterbalanced across sub-
jects. Sessions were conducted on separate days to minimize
the risk that subjects would be aware that the speaker was the

F2,ppertimic= 3000 Hz-1.7*F1, (1) same in both conditionsubjects were informally questioned

after completing the experiment and no subject reported that
F3 frequency was restricted to have a lower limit of 2000 Hz the speaker was the sam&ach session was self-paced and
an upper limit of 3150 Hz, and was always at least 100 HAasted approximately 1 h. At the start of each session, sub-
greater than F2. Duration of the middle portion was re-jects listened to a short passage read by the speaker to famil-
stricted to be greater than 20 ms and less than 403 ms. iarize them with the accent. They then found the best exem-

All other synthesis parameters were chosen to mimic thelar for one practice wordkid), and best exemplars for 16
natural speech recordings. For /b/-V-/d/, F1-F3 were 200experimental wordsbad, bard, bed, bird, bud, bod, bawd,
1500, and 2400 Hz at the start of the formant transitions fobid, bead, booed, cud, could, cooed, Beth, biathdbath To
/bl. The duration of the initial transition was 20 ms. F1-F3find the best exemplars, subjects heard a synthesized word
were 200, 2300, and 3200 Hz at the end of the formanembedded in a carrier sentence on each trial, and rated
transitions for /d/. The final transition duration was 120 ms.whether it was close to being a good exemplar of the target
F4 and F5 were fixed to 3200 and 4900 Hz throughout thevord that was displayed orthographically on a computer
stimulus. The bandwidths of F1-F5 were fixed to 100, 120screen. They gave their response by positioning and clicking
150, 100, and 175 Hz. Flundamental frequengystarted at a computer mouse on a continuous scale frddoseto far
116 Hz, rose to 126 Hz, and fell to 104 Hz. Aemplitude of  away The vowel parameter$1, F2, F3, and duratiorwere
voicing) started at 45 dB, rose to 51 dB, and fell to 48 dB. adjusted after each trial using a customized procedure that

For /k/-V-Id/, F1-F3 began at the target formant fre-was inspired by computer minimization algorithnisee
guencies of the vowsi.e., there were no formant transitions Presset al, 1992 and was designed to find the best exem-
at the onset of voicing, which is typical of voiceless sfops plar location for that word in this four-dimensional parameter
F1-F3 were 200, 1500, and 2600 Hz at the end of the forspace.
mant transitions for /d/. The final transition duration was 40  The procedure had five stages, with six trials per stage,
ms. F4 and F5 were fixed to 3200 and 4450 Hz throughouand was able to find the best exemplar locations within this
the stimulus. The bandwidths of F1-F5 were fixed to 100Jarge vowel space after 30 trials. In brief, the procedure ad-
120, 150, 150, and 175 Hz. FO started at 125 Hz, rose to 12f8isted F1 and F2 in Stages 1 ands2arting along a path in
Hz, and fell to 108 Hz. AV was ramped from 0 to 40 dB over Stage 1 that would be likely to get close to best exemplars
the first 10 ms, rose to 50 dB, and fell to 45 dB. most quickly, adjusted the more secondary dimensions of

For /b/-V-B/, F1-F3 were 200, 1300, and 2335 Hz at F3 and duration in Stages 3 and 4, and then fine-tuned the
the start of the formant transitions for /b/. The duration of thebest exemplar location in Stage 5.
initial transition was 20 ms. F2 and F3 were 1290 and 2400  The best exemplar was found in Stage 1 along a straight-
Hz at the end of the formant transitions {ér], and F1 ended line path through the F1/F2 plane that was defined by two
on the target vowel frequency. The final transition durationpoints: the middle of the vowel spa¢e1=500 Hz and F2
was 20 ms. F4 and F5 were fixed to 3200 and 4900 Hz=1500 H2 and the average F1 and F2 frequencies that the
throughout the stimulus. The bandwidths of F1-F5 werespeaker of the carrier sentence had used for that awelr-
fixed to 100, 160, 250, 150, and 175 Hz. FO started at 11%@ged across the two accentShe path passed through these
Hz, rose to 125 Hz, and fell to 106 Hz. AV started at 40 dB,points and was terminated at the boundaries of the vowel
rose to 45 dB, and fell to 10 dB over the last 30 ms of thespace. For example, the Stage 1 search pathdadcrossed
vowel. diagonally through the vowel space, from the extreme high-

After synthesis, the stimuli were processed using daront boundary of the spacé.e., low F1 and high FR
multi-band filter to fine-tune the match between the longthrough the measured values for /i/ and the middle of the
term average spectra of the synthetic and natural speechpace, and through to the extreme low-back boundary of the
frequencies between 0 and 1500 Hz were attenuated by ldpace(i.e., high F1 and low FR All other parameters were
dB, frequencies between 1500 and 3500 Hz were amplifiefixed to neutral valueg=3=2500 Hz and duration116 m3g
by 6 dB, and frequencies between 3500 and 5500 Hz werm this stage.
attenuated by 2 dB. This filter was necessary because adjust- On the first two trials of Stage 1, subjects heard the most
ments of the Klatt synthesis parametéesy., formant band- extreme stimuli that it was possible to synthesize along the
widths) were not entirely sufficient by themselves to matchsearch pathe.g., in the case obead they heard extreme
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high-front and low-back vowels, with the order of these twoother parameters fixed to the best exemplar values found in
trials randomized The selection of stimuli on the remaining Stage 3. Stage 5 searched along a straight-line path through a
trials was based on the subjects’ judgments, using formulathree-dimensional F1, F2, and duration sp#&€E8 did not

that were designed to find stimuli along the path that wouldvary), that began in the middle of the vowel spd&4=500

be perceived as better exemplars. On the third trial, subjectdz, F2=1500 Hz, and duration116 mg and passed through
heard a stimulus that was selected by a weighted average tife parameters of the best exemplar chosen thus far.

the first two stimuli, according to the equation Subjects were allowed to repeat stages if they responded
f(b) f(a) that the search algorithm had gone wrofegg., when the
c=a* +b* 2) search was thrown off by an erroneous goodness nafirige

f(a)+f(b) f(a)+f(b)’ best exemplar was defined as the stimulus given the highest
wherea and b are the positions on the search path for thegoodness rating in Stage 5.
first two trials,f(a) andf(b) are the goodness ratings for the
stimuli on those trial§the goodness responsesctdseto far B. Results
awaywere scaled from 0 to)landc is the new path position
selected for the 3rd trial. On the 4th-6th trials, the stimulil' Bud and cud
were selected by finding the minimum of a parabola that was ~ As displayed in Fig. 1, listeners chose different formant

defined by the equation frequencies fobud and cud in SSBE and Sheffield carrier
sentences, indicating that they normalized these vowels for
_ b—05{[b—a]**[f(b)—f(c)]-[b—c]**[f(b)—f(a)]} accent. The shift appeared to occur predominantly along the
- [b—a]*[f(b)—f(c)]—[b—c]*[f(b)—f(a)] ’ F1 dimension; both groups of listeners chose a higher F1 for

3) bud and cud in SSBE (Standard Southern British English
sentences than in Sheffield sentences, although the size of
whereb was the path position of the best stimulus found thushe shift appeared to be larger for northerners. The differ-
far; a andc were the most recently tested positions on eitherences in F1 and F2 were tested in separate repeated measures
side ofb; and f(a), f(b), andf(c) were the goodness rat- ANOVA analyses, with wordbud or cud) and sentence con-
ings for those stimuli. In cases where E8) could not be text (SSBE or Sheffieldcoded as within-subject variables,
calculated(i.e., if a, b, andc were co-linear, ob was at an and subject backgrounthorthern or southejncoded as a
extreme position on the patha weighted averageeq. (2)]  between-subject variable. For F2, there were no significant
was calculated instead, based on the best exemplar foundain effects or interactiong>0.05, suggesting that listen-
thus far and the last stimulus that had been played. At thers were not normalizing for accent on this dimension. For
completion of this stage, the parameters of the best stimulus1, however, there was a main effect of sentence context,
found thus far were passed onto the next stage of the sear¢h(1,18)=11.94, p<0.01, confirming that listeners overall
algorithm. chose higher F1 frequencies fbud and cud in the SSBE
The same six-trial search algorithm was used for thesentences.There was also a main effect of subject back-
other stages, along different paths. Stage 2 found the begtound,F(1,18)=12.08,p<0.01, demonstrating that north-
exemplar along a straight-line path that was orthogonal in thern listeners consistently chose higher F1 valuebtmtand
F1/F2 plane to the Stage 1 path, and included the best exeraud than did southern listeners. There was no significant
plar found in Stage 1. Stage 3 searched along the F3 dimemain effect of word and no significant interactions for F1,
sion, keeping all other parameters fixed to the best exemplg™>0.05.
values that had been found in Stage 2. Stage 4 searched The effects of sentence and subject background on F1
along the duration dimensidfog-scaled valugskeeping all can be seen clearly in Fig. 2. In the Sheffield sentences,

Southern Listeners Northern Listeners
F2 (ERB)
23 20 17 14 11 23 20 17 14 11
125 T T T T T T 4
Qbead ® ‘(ma) (im
4 L ™ 47 FIG. 1. Average F1 and F2 formant
S;“ frequencies of best exemplars for
cua/ Y bu northern and southern listeners in
= ] - E SSBE and Sheffield carrier sentences.
I 500 B T a The F1 frequencies obud and cud
e O birtn s = were significantly different in the two
be(pm' carrier sentences for both groups of
4 O, . 413 listeners, but no other words were re-
@ liably normalized for accent.
-’.
1000 ! 1 ! L 16
2000 1000 500 2000 1000 500
F2 (Hz)
O SSBE sentences @ Sheffield sentences
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Bud Cud

16 FIG. 2. Boxplots of F1 formant fre-
quency values forbud and cud in
144 SSBE and Sheffield carrier sentences

O e for northern and southern listeners.
B124 Boxplots display the interquartile
E range of scores. The box shows the
o

104 25th to 75th percentiles, with a line at
the median value. The lower and upper
- E “whiskers” respectively show the first
O o and last quartiles, with outliers repre-
1 sented by the unshaded circles. The
6 1 @ best exemplar locations for northern-
ers had higher F1 frequencies than
Southern listeners Northern listeners Southern Listeners Northern Listeners those chose_n by southemers,_ and both
groups of listeners chose higher F1
frequencies in Sheffield than in SSBE
‘ ] SSBE Sentences [l Sheffield Sentences } carrier sentences.

northerners chose a high vowgk., low F1 frequencythat  sentences, with perhaps a small shift in the F1 dimension for
was appropriate for that accent, but southerners chose a loweuthern listeners. Separate repeated measures ANOVA
central vowel that was lower than Sheffield speakers actuallgnalyses for F1, F2, and F3 revealed that there were no sig-
produce. In the SSBE context, southerners chose a lowificant main effects or interactions of sentence or subject
vowel (i.e., high F1 frequenoythat was appropriate for that backgroundp>0.05, suggesting that the formant frequen-
accent, but northerners chose a central vowel that was higheres ofbath were not consistently normalized.
than SSBE speakers produce. Although the size of the shift As displayed in Table Il, there were no strong normal-
in bud was relatively small for southerners, the direction ofization effects for duration; listeners chose similar vowel du-
this shift was consistent; nine of ten southerners chose higheations in both sentence contexts, although there was a trend
F1 frequencies fobudin the Sheffield context. for southerners to choose shorter vowels in the Sheffield sen-
As displayed in Tables | and Il, there were few differ- tences. However, there was a consistent effect of subject
ences betweebudandcudin terms of F3 or duration. Sepa- background; southern listeners chose a longer vowedditi
rate repeated measures ANOVA analyses for F3 and duratian both sentence contexts than did northerners. A repeated
revealed that there were no significant main effects or intermeasures ANOVA analysis verified that there was a main
actions of sentence context, subject background, or word, effect of subject background;(1,18)=8.09, p<0.01, but
>0.05, further suggesting that vowel normalization for ac-no significant main effect of sentence context or significant
cent only took place in the F1 dimension foud and cud interactions,p>0.05. The effect of subject background on
duration can be seen clearly in Fig. 3. Northerners preferred
2. Bath shorter vowels that corresponded to their productiofapin

As displayed in Fig. 1, listeners chose relatively similarbath and southerners preferred longer vowels that corre-
formant frequencies fobath in SSBE and Sheffield carrier

TABLE I. Average F3 frequencig€ERB) of best exemplars for northern and TABLE Il. Average durations(ms) of best exemplars for northern and

southern listeners in SSBE and Sheffield sentence contexts. southern listeners in SSBE and Sheffield sentence contexts.
Northern Southern Northern Southern
Word SSBE Sheffield SSBE Sheffield Average Word SSBE Sheffield SSBE Sheffield Average
bud 23.4 23.0 22.8 235 23.2 bud 62.5 72.8 74.5 62.2 68.0
cud 23.7 23.2 22.9 23.4 23.3 cud 63.7 62.0 81.8 69.7 69.3
bath 22.7 22.1 23.1 22.1 22.5 bath 81.8 715 146.0 108.6 102.0
bead 24.0 24.5 24.0 23.7 24.1 bead 138.9 129.4 120.9 130.7 130.0
bid 24.0 24.2 23.8 23.2 23.8 bid 72.5 60.0 63.0 62.5 64.5
bed 22.9 22.9 23.2 23.2 23.1 bed 78.1 66.8 78.1 66.8 72.5
beth 23.4 22.4 23.2 234 23.1 beth 76.9 68.1 71.3 71.6 72.0
bird 22.7 22.4 22.9 23.0 22.8 bird 182.6 144.2 119.5 130.6 144.2
birth 22.3 22.4 235 23.1 22.8 birth 135.6 137.5 145.1 158.1 144.1
bad 22.1 22.1 22.6 22.9 22.4 bad 101.0 70.6 104.6 84.7 90.2
bard 22.8 22.9 23.6 23.2 23.1 bard 208.2 181.3 176.6 174.0 185.0
bod 23.6 23.3 23.1 22.7 23.2 bod 68.5 79.5 77.5 74.4 75.0
bawd 23.6 23.2 235 23.3 23.4 bawd 187.8 170.1 176.3 151.7 171.5
booed 22.2 22.4 22.4 22.4 22.4 booed 176.7 161.7 162.1 154.5 163.8
cooed 22.5 22.8 22.2 23.4 22.7 cooed 173.3 169.7 147.0 146.0 159.0
could 23.3 23.0 23.4 22.8 23.1 could 65.3 64.8 70.0 77.2 69.3
Average 23.1 22.9 23.1 23.1 Average 117.1 106.9 113.4 107.7
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Bath for cooed rather than high-back vowels with lower F2 fre-
300 guencieqsee Fig. 1 Although these preferences may seem
unusual, they correspond to recent changes in the way that
British English speakers produce these vowels; younger
speakers in particular have begun to produce these tradition-
200 4 O ally high-back vowels with less lip rounding and with a more

g forward tongue positioitDocherty and Foulkes, 1999; Torg-
5 o ersen, 1997; Williams and Kerswill, 1999

g

3

O 1004

Ill. EXPERIMENT 2
F;g Experiment 1 demonstrated that individuals living in

London normalizedoud and cud for accent, and that the
patterns of normalization depended on whether the listeners
were northern or southern. Experiment 2 further examined
the role of language experience on vowel normalization by
[ ] SSBE Sentences [l Sheffield Sentences testing northerners who still live in the north of England. The
subjects were born and raised in Ashby de la Zouch, a mar-
FIG. 3. Boxplots of duration values fdrathin SSBE and Sheffield carrier !(et tOWI‘_l where the d_omlnant accent is similar to that spoken
sentences for northern and southern listeners. Northerers chose shoriéy Sheffield. The subjects were 1617 years old, and had not
vowels than southerners overall, but there was no normalization for thezet moved for employment or university education. The aim
accent of the carrier sentences. was to determine whether the patterns of normalization
found for northerners in Experiment 1 were affected by the
sponded to their production gfi:] in bath Although the  subjects’ time living in London, or whether all northerners
formant frequencies were not significantly different, the re-(i.e., even those who have not lived in the soutave the
sults trended in the same directi¢see Fig. J; the median  same patterns of normalization.
values of F1 and F2 fobath were more similar tobad
([bad)) than bard ([ba:d]) for northerners, and were more A. Method
similar to bard thanbadfor southerners. This difference may
have failed to reach significance becaljiakand[a:] have
very similar formant frequencies overall; the vowels differ Twelve subjects were tested. All were native English

Southern- listeners Northern' listeners

1. Subject selection

more markedly in duration. speakers, aged 16—17 years, born and raised in Ashby de la
Zouch, and reported no hearing or language problems. One
3. Other words subject was dropped from the experiment because her best

xemplar locations were not reliablee., as in Experiment
subjects were dropped when the best exemplar locations
the vowels that were stable between accents differed by
nmore than 2 ERB

As displayed in Fig. 1, listeners chose similar F1 and in
frequencies in SSBE and Sheffield carrier sentences for mo%’r
other words, with shifts for a few words such lasoedand
bawd The potential differences in F1 and F2 were tested i
separate repeated measures ANOVA analyses, with word
(i.e., all words other thabud, cud andbath) and sentence 2. Stimuli and apparatus
context coded as within-subject variables, and subject back-  The stimuli were synthesized in advance so that the ex-

ground coded as a between-subject variable. There was g riment could be run using a portable computer. The entire
main effect of word for F1F(12,216)=203.98,p<0.01,  range of possible vowels was synthesized with a resolution
and F2,F(12,216)=113.76, p<0.01, demonstrating that of 0.5 ERB' (Mooreet al, 1997 in F1 and F2. Duration was
different words had different formant frequency values, bthuantized in 16 steps on a log scale, from 20 to 403 ms. F3
there were no main effects of sentence context or subjejas fixed to 2500 Hz for all stimuli; although Experiment 1
background, and no significant interactions>0.05. The  had shown that F3 varied for different words, the results
differences irbawdandbooeddisplayed in Fig. 1 were thus  syggested that this parameter made only a modest contribu-
not reliable. As displayed in Tables | and II, listeners generjon to perceived goodness. There were a total of 7616
ally chose similar values for F3 and duration in SSBE andstimuli synthesized for each of the CVC contexts. The

Sheffield sentence contexts. Separate repeated measuiggnuli and apparatus were the same as in Experiment 1 in all
ANOVA analyses revealed that there was a main effect obther respects.

word for F3,F(12,216)7.78, p<0.01, and for duration,
F(12,216)=40.58, p<0.01, demonstrating that different
words had different F3 and duration values, but there wer
no main effects of sentence context or subject background, There was a four-stage search for best exemplars along
and no significant interactionp,>0.05. the F1, F2, and duration dimensions, with six trials for each
It is notable that northern and southern listeners botlstage; the F3 adjustment stage was omitted. The procedure
chose a high-front vowel fdoooedand a high-central vowel was the same as in Experiment 1 in all other respects.

é’" Procedure
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Ashby Listeners TABLE llI. Average durationgms) of best exemplars for Ashby listeners in
SSBE and Sheffield sentence contexts.

F2 (ERB) Word SSBE Sheffield Average
23 20 17 14 11
125 I . . 4 bud 63.8 65.4 64.6
cud 76.9 55.8 66.4
bead
eao Boooed 0. bath 108.4 793 03.8
" -7 bead 99.0 115.7 107.4
L 28} bed 84.5 56.5 705
bid bid 719 68.5 70.2
_ oe S m beth 73.9 58.2 66.0
B . o 110 = bird 139.9 117.3 128.6
= T birth 1245 113.3 118.9
w e bad 85.4 77.8 81.6

500 - birth
bed%beth ./bfd bard 156.4 162.7 159.5
bod 72.4 72.0 72.2
o ¥ 118 bawd 140.1 1425 132.3
booed 170.4 164.4 167.4
b%
i

cooed 146.7 140.8 143.8
could 76.1 69.6 72.9
| 16
1000 2000 1000 500 Average 105.6 96.4
F2 (Hz)
O SSBE sentences @ Sheffield sentencesj 3. Other words

For all other words, listeners chose similar formant fre-

FIG. 4. Average F1 and F2 formant frequencies of best exemplar locationguencies and durations for each target word in SSBE and
for Ashby listeners in SSBE and Sheffield carrier sentences. The F1 and F,

y S i . Sheffield carrier sentences. Separate repeated measures
frequencies did not vary significantly between the two carrier sentences

suggesting that no vowels were normalized for accent. ANOVA analyses for F1, F2, and duration revealed that there
was a main effect of word for F1F(12,120)=76.08, p
B. Results <0.01, F2, F(12,120=47.24, p<0.01, and duration,
' F(12,120)=15.61, p<0.01. However, there was no main
1. Bud and cud effect of sentence context and no significant interaction with

word, p>0.05, suggesting that none of the other words var-

As displayed in Fig. 4, Ashby listeners chose similar;qq depending on accent.

formant frequencies focud in SSBE and Sheffield carrier
sentences, but fdrud there was a possible difference in the
F2 dimension; listeners tended to choose a higher FRddr
in SSBE than in Sheffield carrier sentences. Separate re- The results demonstrated that individuals living in Lon-
peated measures ANOVA analyses for F1 and F2 revealedon normalized the vowels ibud and cud—but notbath—
that there were no main effects of word, sentence context, der southern and northern English accents, with the patterns
their interactionsp>0.05, demonstrating that the shift in the of normalization reflecting each listener’s linguistic experi-
F2 dimension fobudwas not reliable. As displayed in Table ence. When individuals living in London heard sentences
[, there was also little difference betwedud andcudin  that were similar to their native accent, they chose formant
terms of duration; a repeated measures ANOVA analysis refrequencies fobud and cud that matched what speakers of
vealed that there were no main effects of word, sentencéhat accent would produce; southerners living in London se-
context, or their interactiong)<0.05. There was thus no lected an[a] vowel (i.e., high F1 when listening to SSBE
consistent evidence that Ashby listeners normalizedand ~ sentences and northerners living in London selectefiudn
cud for accent; they chose traditionally northern vowels invowel (i.e., low F) when listening to Sheffield sentences.
both carrier sentences. When individuals living in London heard sentences that did
not match their native accefi.g., northerners listening to
SSBE speedh they chose centralized vowels foud and
cud rather than th¢a] and[u] vowels that would normally
Ashby listeners also chose similar formant frequenciede produced in SSBE and Sheffield accents, respectively.
for bathin SSBE and Sheffield carrier senten¢sse Fig. 4, Northerners who were less experienced with southern ac-
indicating that there was no normalization for accent. Thereents(i.e., Ashby listenepsdid not normalize for accent at
was a trend for listeners to choose a longer vowel in theall, choosing vowels in Sheffield and SSBE sentences that
SSBE than in the Sheffield carrier sentend&able llI). would be appropriate for northern speakers.
However, separate repeated measures ANOVA analyses for Episodic memory research has shown that individuals
F1, F2, and duration revealed that there was no main effedtore phonetically detailed representations of spoken words
of sentence contexp<0.05. There was thus no clear evi- in long-term memory(e.g., Goldinger, 1998; Nygaard and
dence that Ashby listeners normalizedth for accent. Pisoni, 1998; Palmeet al, 1993, and our working hypoth-

IV. DISCUSSION

2. Bath
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esis based on this research was that listeners would chook& when producing words likbath[and would rather “drop
best exemplars that matched their long-term memory repredead” than produce these words like a southeiffeadgill,
sentations for words spoken by speakers with similar ac1986], much like they choséa] for bath in both carrier
cents. It was surprising then, that northerners living in Lon-sentences. Southerners living in London, however, speak the
don, for example, chose best exemplarstiod andcudin  locally dominant dialect and are less apt to modify their pro-
the SSBE sentences that do not match how southerners agdctions when speaking to others; they likewise made rela-
tually produce these vowelsee Well§1982 for a phonetic  tively small adjustments tbudandcud, and preferred south-
description of SSBE vowel producti@rAlthough this may ern pronunciations obathin both carrier sentences.
suggest that listeners were not performing the task using Production may also help explain why Ashby listeners
stored exemplars, it is possible that listeners were using indid not perceptually normalize for accent. One could imagine
accurate exemplars that had been affected by perceptutdat Ashby listeners did not normalize because they had not
magnet effectg§lverson and Kuhl, 1995, 1996, 2000; Iverson had enough perceptual experience with southern accents
et al, 2003 or category assimilation process@estet al., (e.g., see Labov and Ash, 199 However, Ashby listeners
1988, 2001; Flege, 1992, 1995 hat is, the northerners’ per- are regularly exposed to southern English accents through
ception of SSBEA]| may have been distorted because theythe mediaFoulkes and Docherty, 199@nd they are able to
do not have a nativer category; northerners may perceive correctly identify the accents of southern speakers in percep-
the SSBE[A] to be a member of their native//or /3:/ cat-  tual testg Evans, 2001 Moreover, all listeners heard a short
egories[or a new category caused by merging-/i/; see passage read by the speaker in the relevant accent before
MacKayet al., (2001)], causing the SSBE ] to sound more starting the experiment, and such short-term familiarization
centralized. It is plausible that such perceptual distortioncan be enough to tune speech recognition processes to the
caused northern listeners to remember mistakenly that soutleharacteristics of individual talker@Nygaard and Pisoni,
erners produce centralized vowels fard andcud In other  1998. It may have been more important that these listeners
words, the basic hypothesis that listeners choose best exerfaged 16—17 years, born and raised in Ashbgd not had
plars that match long-term memory representations may bthe experience of modifying their own speech in order to fit
correct, but the memories of listeners may be inaccurate. into a new environmer(e.g., when attending a universityt
There are two aspects of the present results that are inis thus plausible that these Ashby listeners chose northern
consistent with this perceptually distorted exemplar accountvowels in the SSBE carrier sentence because they had not
First, thebud and cud vowels that southerners chose in the yet learned to change their speech when talking to southern-
Sheffield sentences cannot be easily explained by perceptuats, even though they know how southerners take also
magnet effects or category assimilation. Northerners producElege, 2003
bud and cud using[u], and one would normally expect that The mechanism responsible for this perception-
southerners would assimilate this northern vowel into whatproduction link is unclear. The results are consistent with
ever native category is most similar perceptudilg., the  motor theory’s claim that listeners perceive speech in terms
southerners’ ownu/ category, that they use in words like of their own articulatory gestured.ibermanet al, 1967.
bookor could). Instead, southerners chose a low-central besThat is, the acquisition of new articulatory targets to modify
exemplar forbud and cud that is on the other side of the one’s own accent may have directly changed how vowels in
vowel space fronju]. It seems unlikely that southerners er- the southern and northern accents were perceived. However,
roneously perceive the northefa] as a low-central vowel. it is possible too that the best exemplars found in perceptual
Second, there was no normalization foath Southerners experiments reflect auditory targets that a listener tries to
and northerners both use the vowgd$and[a:], and speak- achieve when speakin@Allen and Miller, 200). That is,
ers of British English are very aware that the lexical distri-listeners may need to first change their notions of which
bution of these vowels is a clear marker of aco@mtdgill,  phonemes sound good, in order to learn to modify the accent
1986. Northerners in London thus know that southernersof their own speech.
producebath with [a:], as do southerners in London know The current study is only a first attempt to investigate
that northerners produdeath with [a]. Yet subjects in this how vowel perception is modified to accommodate accent
experiment chose vowels fbathbased on their own accent, differences in the same language, but the results thus far
rather than on their knowledge of what vowel would be ex-differ from descriptions of how listeners perceive foreign or
pected based on the accent of the carrier sentence. foreign-accented speech. Cross-language research has sug-
Although these patterns of normalization may seem id-gested that foreign-accented phonemes are assimilated into
iosyncratic, they correspond closely with the changes in prothe same categories that listeners use for native speegh
duction that speakers tend to make when they live in multiBest, 1994; Flege, 1992but the present results suggest that
dialectal environmentgTrudgill, 1986. Northerners who listeners can adjust their categorizations to accommodate dif-
live in the south of England typically modify some aspects offerent accents within the same language. Cross-language re-
their accent in order to fit in with southerners; they changesearch has also emphasized the age and amount of exposure
their production of the vowel imbud and cud so that it be- as determining factors in the ability to perceive and produce
comes centralize@rudgill, 1986, much like the centralized a foreign languagéFlegeet al, 1999. However, the current
vowel that they chose as best exemplars for these words iresults suggest that perceptual adjustments for accents within
the SSBE-accented carrier sentence. Northerners also maitihe same language are not simply determined by exposure;
tain some aspects of their regional identity; they retain theichanges in best exemplar locations appear to follow sociol-
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