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ABSTRACT

Characterigtics of afirst language largely determine speech production in a second, non-native
language. Foreign Accented Speech (FAS) istheresult. Previous research regarding talker
variahility and normdization has been limited to non-accented takers, and has found that non-
phonetic talker characterigtics are encoded into memory aong with phonetic information, and
that thisinformation implicitly helps subsequent speech perception. The current study extends
thisresearch to FAS, and examines the ability to adapt to FAS and generdize from one talker
to another. Listeners were exposed to one spesker for four experimental sessions via a battery
of tests measuring speech intelligibility. Listeners were tested on either the talker they had been
trained on, asmilarly accented taker, or atalker with adifferent, unrelated accent. Control
groups received the podt-test only. It was hypothesized that training would improve
performance in the same speaker/same accent condition to the grestest degree, in the different
Spesker/same accent condition to alesser degree, and negligibly affect performance in the
different spesker/ different accent condition. Instead, performance in the different
Spesker/same accent condition differed as afunction of the task. Implications onto models of

speech perception are discussed.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

The human speech perception system is exceedingly flexible. Over the course of a
lifetime, a gpesker is bombarded with countless permutations of his native tongue, each
deviating from his own speech on amultitude of dimensgons. Variation of average pitch,
gpesking rate, intendty, and timbre interact to form a virtualy limitless paette for spesker
variability within aparticular didect. If variability due to articulatory dysfunction or
environmenta factors (i.e., echo or distortion) is considered, and the variation compounds.
Despite dl of thistaker variability, liseners seem to have the surprising ability to comprehend
spoken language without a great ded of effort.

Nygaard and Pisoni (1998) attribute our ability to recognize spoken languageto “a
period of perceptua adaptation in which listeners learn to differentiate the unique properties of
each taker’ s speech patterns from the underlying intended linguistic message.” This processis
automdtic, involuntary, and effortless. 1t is only when the idiosyncracies of the talker in speech
deviate greatly from that of the listener’ s didect, as hgppens when talking to an individud with a

different dialect or accent, that this process becomes difficult and noticegble.



Errorsin perception, however, do occur. At some point atalker’s speech can deviate
so far from alistener’ s that adgptation becomes difficult. The results are errors in word
recognition that lead to miscommunication and dowed processing. Foreign accented speech
(FAYS) isthe prototypica example of speech that deviates so much from the lisgteners' norm that
it cannot be readily understood by the average native talker of alanguage..

Nygaard and Pisoni (1998; Nygaard, Sommers, & Pisoni, 1994) argue that adaptation
to FASis no more than an extension of the normal process that occurs when conversing with
unaccented talkers. In severd studies, they have examined the role of indexicd talker
properties (such as speaking rate, average FO) in word recognition, concluding that indexica
properties of talkers are encoded into memory aong with non-indexica information (i.e.,
phonetic), and thet this information is helpful in subsequent lexical processing with familiar
talkers.

Nygaard et d (1994) familiarized subjects with ten non-accented talkers during nine
days of training. During the training sessions, subjects were first presented with single words,
and given feedback regarding the name of the talker. They were then presented with a second
set of words and asked to explicitly identify the talker. Subjects who were above an arbitrary
criterion of 70% on the ninth day participated in afind testing sesson. Nove words were
presented at different Signa to noise (S/N) ratios, and subjects were instructed to transcribe
these words. In a between subjects design, words were spoken either by the same ten talkers
with whom they had been trained, or a different group of ten talkers. Subjects presented with

new utterances spoken by familiar voices had consistently higher word recognition rates than



subjects presented with unfamiliar talkers (~51% versus ~42% over dl SN ratios). The
authors concluded that with sufficient training, listeners are able to “ attend to and modify the
specific perceptua operations used to andyze and encode each talker’ s voice during
perception.” (p. 45). Somehow, indexica information is utilized in subsequent encounters with
apaticular taker’ s voice, helping recognition implicitly. Nygaard and Pisoni (1998) replicated
these results, and extended them from the word-length to sentence-length stimuli.

The Nygaard et d studies have important implications for FAS perception. An
accented taker would have a great ded of idiosyncratic speech qualities which would be
encoded in addition to the phonetic information. In essence, an accented talker has two kinds
of variation in his gpeech: the random individua variation unique to him, and an underlying
pattern of phonetic production that is shared with others with a common linguistic background
(eg., didect). According to Nygaard, thisindexicad information would aid subsequent
recognition of speech spoken by that talker. Thisis accomplished through an exemplar model
of speech perception (Goldinger, 1996; 1998). Each word is represented by many examples,
or episodes. When aword is heard, it isfirst compared with other tokens of that word that an
individua has heard. Processing timeisdirectly related to the smilarity of the stored episodes
to that of the newly encountered token. It isthen stored in memory as adistinct episode or
exemplar within that word category.

For non-accented speech (NAYS), speech perception may be effortless because there
are dready many examples of amilar tokensin memory. However, the word recognition

process takes longer for FAS because there are fewer stored examples that closely resemble



the output of the accented talker. The accent is ahindrance to word identification. After an
individud is exposed to alarge amount of speech from a FAStaker, avariety of speech tokens
should be stored in memory. This alows subsequent speech perception to become less
labored. Thus, within thistheoretical framework, FAS word identification should not be
qudlitatively different from NAS identification.

A suitable andlog to FAS is synthetic speech - speech produced by a computer using
agorithms designed to emulate native English phonetic segments. Synthetic speech is designed
to create more efficient human/computer interaction, by dlowing for amore naturd medium
between computer and listener. It isanalogousto FASin severd respects. Firg, it isinternaly
consstent. Because the gpeech parameters are determined by a single dgorithm, identical
phonemes do not vary from one token to another. Thisisalso truein FAS. Rogers (1997)
indicated that phoneme production in accented speech is based on the relationship between the
native language (L 1) and the non-native language (L2). Consequently, phoneme productionin
L2 will not vary randomly, but ingtead remain consstent for a given language. In both the
synthetic speech and FAS, ligteners can rely on the interna consistency of phoneme production.
Second, synthetic speech differs noticeably from natura gpeech, and takes longer to process.
Inalexicd decison task (Pisoni, 1981), subjects responded to synthetic tokens approximately
145 msec dower than to the same itemsin naturd, unaccented speech. Similarly, Schmid and
Y eno-Komshian (1999) found that reaction time in a mispronunciation task varied as afunction
of accentedness. The more severe an accent was judged, the lower the performance in

detecting errorsin pronunciation.



Schwab, Nusbaum, and Pisoni (1985) investigated the improvement in synthetic speech
intelligibility over time usng a battery of tests. The experiment lasted ten days, the first and last
days condtituted the testing portion, while the intermediate eight days were learning days. The
testing days conssted of five tasks: the Phonetically Balanced (PB) word identification task, the
Haskins semanticaly anomalous sentence task, a prose passage comprehension task, the
Harvard sentence identification task, and the Modified Rhyme Test (MRT).

On Day 1and Day 10, the testing days, subjects were presented with blocked groups
of the tasks described above. All stimuli were created using the Votrax Type-N-Tak
synthetic speech system. During the intervening training days, subjects were presented with dl
tests except the MRT. After each trid, subjects received feedback regarding the correctness of
their response. 1n a between subjects design, one third of the subjects recelved training using
Votrax Type-‘N-Tak tokens, and one third received natural speech. A third group received
no training.

When Day 1 and Day 10 were compared, the Synthetic speech group showed
sgnificant improvement for the PB (27% to 69%), MRT (63.4% - 80.3%), Haskins (26.7% -
76.9%), and Harvard tasks (42% - 77.8%). The control groups (natural speech and no
training) showed modest gains that were sgnificantly less than the Synthetic speech group.

None of the groups exhibited any improvement over time for the prose passages. There are
severd possble explanations of this. In contrast to the other tasks presented, the prose
passages had a much larger memory component than the other tasks. Subjects not only had to

understand the speech, but dso comprehend what the passages meant, and retain that



information over time. Additionaly, because the questions asked were taken from college leve
achievement tests, the questions were difficult regardiess of word intdligibility. However, it is
possible that exposure to multi-sentence connected speech may have aided other tasks by
providing aricher variety of phoneme combinations. Removing the task may have resulted in a
smdler effect of adgptation in the other tasks.

Examining the training data, Schwab et d (1985) found consstent improvement in
recognition for the Synthetic Speech group during the course of the two weeks, while the
Natura group had consistent celling performance. For example, in the PB task, the Synthetic
Speech group averaged 35.6% correct over days 2-3, 48.4% correct over days 4-5, 56.3%
over days 6-7, and 66.9% averaged over days 8-9. On dl days, the Natural group scored
above 94%. Thereaults of the other tasks are very amilar. In fact, Sgnificant improvement
could be seen even between the first and fifth days for the Synthetic Speech group in the PB
(35.6% versus 48.4%), Haskins (53.7% versus 61.6%), and Harvard (59.7% - 70.0%) tasks.
Because the nature of the stimuli did not change over the course of the week, the improvements
may be attributed to the listeners themsalves.

The benefits of exposure to speech are not soldly limited to understanding the talker
who produced the speech. The speech of other talkers who share similar quditiesisaso
perceived more easlly, and with less effort. Goldinger (1996) found not only that listeners
perform better with talkers that they have heard before, but also to nove talkersthat are smilar
to talkersthat are familiar to the listener compared to nove talkers that not as smilar to learned

takers Similarity in multi-dimensonad space among talkers was measured in apilot sudy.



Generdization effects might be more pronounced with FAS because there would be phonetic
amilarities may be more sdient to the ligtener. If accented takers share many indexicd qudities
(i.e, awkward prosody, ambiguous consonant production, etc.), encoding these characteristics
for one taker should generdize to others.

Research from severd sources suggeststhat thisislikely to be true. Accent islargey
based on the relationship of L1 production with L2 production. Flege (1995) hypothesized that
accentednessiis related to faulty production of position-sengtive L2 vowd and consonant
alophones, due to the talker’ sinability to recognize phoneticaly relevant contrastsin L2. When
aphonemein L2 isvery smilar to aphonemein L1, accented talkers will often produce the L1
phoneme when speaking in both languages. The more dissmilar related L1 and L2 phonemes
are, the more likdy the critica differences will be discerned by the taker and subsequently
produced correctly. For ingance, if the voicing boundary between /b/ and /p/ iscloseto /b/ in
anindividud’ s native language, but closeto /p/ in L2, the talker may produce the bi-labid stop
consonantsin L2 in the manner that is gppropriate for L1. Individuas who have acommon L1
will have smilar confusonsin L2 production, and consequently similar accents.

When native English speskers rated the pronunciation of talkers with a variety of
accents, Sutter (1980) found that the most predictive determinant of accuracy was L1 itsdlf.
Arabic and Fars talkers were consistently rated as less accurate than Japanese and Thai talkers
who had smilar L2 experience (years of indruction, age of learning). Consgtent with Flege
(1995), Sutter noted that each L1 causes different mistakesin L2 pronunciation and

consequently causes varying degrees of difficulty in speech intdligibility in L2 as afunction of



L1. AsRogers(1997) points out, accentedness is based on the relationship between L1 and
L2. If the properties of the accent that deviate from the didect of the listener are not
linguigicdly relevant (i.e., don't affect critica features), accent will not impede intdligibility. Itis
only when an linguigticaly meaningful sound is ambiguous that errors occur.

Rogers (1997) acknowledged the impact of L1 on L2 production, and focused on the
causes of accent for asngle L1. If FASis caused by the phonologica relationship between L1
and L2, examining the relationship between phonemesin L1 and L2 should help to predict
probable errorsin L2 production. Careful phonetic andysis was conducted on the English
gpeech of two native Mandarin talkersin order to ascertain which phonemes would likely cause
erorsfor native takers of English. Certain phonemes were congstently mispronounced, either
by confusing the place of articulation (i.e., /d/ became /b/), manner of articulation (/p/ became
ftl), or voicing (/b/ became /p/). Confusionsin vowd s were common and somewhat cons stent
aswdl. Examining the phonology of Mandarin explained at least some of the misperceptions
exhibited by English-spesking listeners. For example, there were more errors for consonantsin
word-find position, perhaps due to the fact that Mandarin has alimited number of dlowable
word-find consonants.  Subsequent tests on native English subjects found that mistakes
occurred for phonemesin L2 that were related to phonemesin L1. The pattern of mistakes
was dmilar over severa Mandarin takers, reinforcing the claim that listeners adapt to the
idiosyncracies of an accent.

It isfairly clear from Rogers (1997), Sutter (1980), and Flege (1995) that phonetic

production of FAS, being determined largdly by L1, is conastent within an accent. Thus, it



should be the case that exposure to an individua with an accent will facilitate speech perception
for individuads who share acommon native language, and thus asmilar accent. The current
research addresses not only the questions of FAS adaptation, but also of the generdity of that
adaptation, by manipulating the amount of exposure to an accented talker, and then testing
inteligibility of both smilarly and differently accented takers.

The current experiments borrow from the design of Schwab et d (1985). The same
fivetests of intdligibility - PB, MRT, Haskins, Harvard, and Prose - were used. The length of
the experiment was five days, with two testing days and three intervening training days. Instead
of the Votrax synthetic speech, an accented talker (M 1) was recruited to record the stimuli. A
amilarly accented spesker (M2) and a differently accented spesker (R1) were also recruited.

If Nygaard et a (1994, 1998) are correct, training on M1 should result in the encoding
of the indexicd properties of M1's voice, both his didect and hisindividud idiosyncracies. This
exposure should improve subsequent intdligibility with this spesker. Furthermore, this encoding
should dso result in improved performance for M2, who shares many qualities in common with
M1 due to the common native language. However, this benefit would not extend to R1
because R1's accent is unrelated phoneticdly; any benefits over time would be modest, and due

to familiarity with the design.



I Proctice Effects
1 Accent Effects
I Taker Effects

20
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Hypothesized Amount of Improvement

M1 M2 R1
Tested Talker

Figure 1.1: Benefits of M1 Training on Subsequent Testing

Figure 1.1 illustrates the predicted benefit of M1 training onto subsequent testing of
M1, M2, and R1. Exposureto M1 will have the grestest effect on M1 testing because both
talker and accent characterigtics are the same from training to testing. Exposure to M1 will lead
to some benefit in M2 testing because M1 and M2 share a common accent; the benefit of

generdization should be afunction of the amilarity in accent. If two voices have different
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accents (i.e, M1 and R1), this effect should be negligible, and improvement due only to
practice with the tasks employed. These effects may be additive; the more smilarity between
Speskers, the more benefit. Task familiarity will cause improvement in dl cases, and talker and
accent effects should combine to aid perception.

In essence, the exposure to the accented talker results in two different effects. A talker
effect, where exposure to a pecific voice facilitates subsequent word recognition of
that talker due to the encoding of idiosyncratic properties. A second effect is an accent effect
that should occur because the listener is smultaneoudly encoding talker characteristics which

are shared within adidect. This should facilitate comprehension for al members of this didect

group.
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CHAPTER 2

EXPERIMENTATION

Method

Ligeners

One hundred seventeen Ohio State University undergraduates participated in this
experiment. All were native monolingua speskers of English with no history of speech or
hearing dysfunction. The mgority of participants reported being brought up in Centrd Ohio,
while the remaining subjects were raised in adjacent areas. Participants did not report
sgnificant exposure to accented goeech in generd or to the specific accents utilized. Ten
participants did not complete the full experiment, and will not be consdered in any subsequent
discusson. Forty-three participants were tested for five consecutive days (“Training” Group),
while 64 participants were tested in asingle sesson (“No Training” Group). All participants

received course credit for their attendance.

Accented Talkers.
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Three accented takers were recruited from the Ohio State University community.
Tdkers were chosen by the smilaritiesin their linguistic backgrounds. All three had spent
reaively little timein the United States, and no time while they werefirg learning English. Two
takers (M1 and M2) share acommon L1 (Marathi) as well as acommon third language
(Hindi). It isassumed that the accents of M1 and M2 will share many phonetic properties
(Rogers, 1997). Thethird talker (R1) was anative Russian spesker. Table 2.1 summarizesthe
talkers biogrgphicd information.

The two languages chosen, Marathi and Russian, are rdatively unrelated from a historic
gandpoint; Marathi isa member of the Indo-Aryan language family, while Russan is a member
of the Savic language family. Marathi is characterized by a number of retroflex consonant
minimd pairs (i/ versus it/, I~ | versus /d/, /}/ versus /I, [T/ versus /<), and aspirated
consonants (/t"/ versus /t/, /K" versus /k/, Id"/ versus /d/, /6" versus /i/), as well as both tapped
(/8/) and trilled (/r/) alveolar consonants (Jha, 1977). Russian does not contain retroflex or
aspirated consonants, but does have severd pairs of nonpaatdized/ paatdized consonants (/f/
versus/f/, It/ versus 1t/, 5/ versus /9], Iz/ versus 21, ] versus /], and /k/ versus /K/; Hale &
Jones, 1959). In consequence, the Marathi accent has more pronounced aspiration and trilled
aveolar consonants (in place of the American English dveolar approximate, /&/). The Russian

accent has more paatalized consonants.

Recording and Materials.
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All stimuli were recorded in a sound attenuated booth using a heed mounted Crown
CM 311A Differoid Condenser microphone. Stimuli were recorded onto Digita Audio Tape
(DAT) using a Tascam DA-30 MKII recorder, and then transferred to an IBM compatible PC
to be converted to .wav files (Channdls: Mono; Frequency = 16,000 Hz; 16 bits) and edited.
Speech tokens were normalized to achieve a comfortable average intensity level, and notch

filtered a 60 and 120 Hz to remove extraneous ground noise.

Native Other Ageof Ageof Firs
Taker Age Languege Languages U.SArrival  English Indruction
M1 26 Marathi Hindi 25 6
M2 26 Marathi Hindi 24 3.5
R1 21 Russan na 17 7

Table 2.1: Biographical information for accented talkers.

Sentence and paragraph tokens were edited to remove extraneous hesitations, stutters,

14



corrected mistakes, and environmental noise. All sound editing was accomplished using Cool
Edit 2000 software (Johnston, 1999). Signd correlated noise (SCN) was added to stimuli
used in the pre-test and post-test by randomly dtering the sgn of each samplein each .wav file.
SCN was used because it provides alevd of digtortion that changes as afunction of the

intengity of the speech. Thusthe Sgnd to noiseratio is consstent throughout the sgnd.

Design.

Six between-subjects groups were tested in a2 x 3 design (Experience x Day 5
Tdker). There were two levels of Experience, “Training” and “No Training.” Training groups
received a pre-test (Day 1) and three days of training on M1 before completing a post-test on
Day 5. No Training groups were only presented with the post-test. This post-test was identical
to the Day 5 pogt-test that the Training groups received. The Day 5 talker was elther the
trained talker (M1), asmilarly accented talker (M2), or a differently accented talker (R1). All
Training groups received training on M1 tokens, regardless of the talker presented on Day 5.

Table 2.2 illustrates these groups.

Procedure.

Stimuli were presented to participants via Sony MDR-V 900 Dynamic Stereo
Headphones a a comfortable volume levdl. Training groups were tested at the same time of
day for five consecutive days, while No Training groups participated in only one sesson (Day

5). Within each task the stimuli used on successive days were completely different; no words
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were repeated. This diminated the participant’ s ability to remember the peculiarities of specific
tokens while gtill presenting them with the full range of the characteristics of the accent. The
simuli were the same between groups of participants, every group heard the same simuli ona
particular day. Participants weretested in individual sound attenuated booths, and responded

to dl tasksin individual score books. Listeners were tested in groups of 3 or 4.
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Takers

Experience  Days1-4 Day 5 n
Traning M1 M1 14
M1 M2 15

M1 R1 14

No Traning none M1 22
none M2 21

none R1 19

Table 2.2: Conditionsin current experiment.

Testing:

For the Training groups, testing occurred on Day 1 and Day 5. Testing procedures and
order were the same for both the pre-test and the post-test (Table 2.3). Each testing day
consgted of fivetasks. Subjects were ingtructed to leave their booths and meet in an adjoining
common room after each task was completed in order to receive ingtructions for the next task.

The order was. PB, Haskins, prose passages, Harvard, and MRT.

17



The Phoneticdly Baanced (PB) lists (Egan, 1948) are each made up of fifty isolated
mono-syllabic words. The frequency of phonemesin asingle set is gpproximeately proportiona
to the frequency of that phoneme in the language at large. The words were not related
semanticaly. After hearing the word, participants wrote down the English word they heard. If
they were uncertain, they were ingtructed to “make their best guess based on what they heard.”
One set (50 words) was presented on each testing day. Each trid lasted 10 seconds. In each
session, words were presented randomly.

The Haskins Sentences (Nye & Gaitenby, 1974) are sets of ten semanticaly anomalous
sentences, each containing four key words. All sentences were presented in the form “The
[adjective] [noun] [past tense verb] the [noun].” The score sheets had ten lines which read

“The the . For each sentence, they were

ingructed to fill in the four blanks with the key words. Subjects were informed of the
anomalous nature of the sentences beforehand, and instructed to “pay extra close attention.”
One st (10 sentences) was presented to the listeners on each testing day. Each trid lasted 25

seconds.  Sentences were permuted randomly for each session.
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Task Response TypeResponses Dependent Measure

1PBLig Free Transcription 50 Correct Transcription

1 HaskinsLigt Free Transcription 40 Correct Transcription

4 Prose Passages True/False 20 Correct Comprehension
1 Havard Ligt Free Transcription 50 Correct Transcription
2MRT Ligs 6 AFC 100 Correct Identification

Table 2.3: Stimuli presented for pre-test (Day 1) and post-test (Day 5)

Short prose passages were taken from severd sources (Ekwall & Shanker, 1993; FHynt
& Cooter, 1998; Woods & Moe, 1989) designed for reading assessment for the middle school
grades. After each passage, five true/false questions based on the passages were presented to
the participants viaa 15" Black and White monitor. Participants were instructed to respond by
circling either “T” or “F’ on the score sheet. They had ten seconds to answer each question
before the next question was presented or the next passage began. The questions were written
by the author, and were designed to be obvious if the passage was understood. Four passages

were presented on each testing day. Each passage was approximately one minute long.
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Listeners had ten seconds to answer each T/F question. The order of the story and question
presentation was randomly permuted for each session.

The Harvard Sentences (IEEE, 1969) are sets of ten sentences, each balanced
phoneticdly to reflect the frequencies of phonemesin the language. Each sentence contained
five key words in addition to function words. Subjects transcribed the entire sentence.
Sentences were meaningful, and had relatively complex syntactic structures. One st (ten
sentences) was presented on each testing day. Each trial lasted 25 seconds.  Sentences were
permuted randomly for each session.

The Modified Rhyme Test (MRT; House, Williams, Hecker, & Kryter, 1965) conssts
of fifty groupings of six words. Participants were presented a single word aurdly, and the Six
choicesin the set were presented visudly in a Sx-alternative forced choice task. Each set
conssts of words that deviate from each other by a single phoneme. The changes occurred in
word initid and word find postion equdly often. For example late, lake, lay, lace, lane, and
lame compose one complete set.  Participants responded by circling the letter in their
scoresheet corresponding to the word they had heard. Two sets (100 words total) were
presented for the pre- and post- tests (Day 1 and Day 5). The order of the words was random
for each sesson. The order of the six dternatives was random for each trid. Each trid lasted
ten seconds.

On Day 5, abiographica questionnaire was presented to the participants after al tasks
were completed.

For dl tasks, the stimuli used on each day of testing and training were nove; within

20



each task, word and sentences were presented only once during the duration of the experiment.
No feedback was given regarding the correctness of the listener’ s responses. After
presentation of the stimulus, listener’ s had severa seconds to transcribe the word or sentence
before presentation of the next trid. The length of time to respond was 8 seconds for the PB
and MRT task, 25 seconds for the Harvard and Haskins task, and 10 seconds for each
True/False question in the prose passages. Listener’ s reported to difficulty responding in the

dlotted time.

Training:

Half of the groups participated in three days of training prior to the post-test.
Procedures for the training sessons (Days 2-4) were Smilar to those of the testing sessions,
with exceptions. To ensure exposure to the accent, stimuli were not presented with SCN. A
pilot study showed thet thisimproved intelligibility to calling levels. Because the full set of
MRT groupsis smdl, the MRT task was not presented, but saved for the testing phase. To
enrich the listener’ s exposure, five prose passages were presented instead of four. All other

aspects of the procedure were identica to the testing days.
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Reaults

For dl tasksin which the response was transcription, correct responses were those
which exactly matched the intended utterance of the speaker. Responses that were
homaophones of the intended word (“earn” versus “urn”) were judged to be correct even when
they were semantically inappropriate (i.e., the Harvard sentences). In some cases, words that
were near homophones (*hawk” versus “hock”) were scored as correct because of their
amilarity in the didect of the listener. Misspdled words were judged to be correct if the
intention of the listener was clear (e.g., “knaw” for “gnaw”). Unless otherwise noted, all
comparisons were sgnificant a the p < .05 leve.

The lists used for each task were created to be uniformly balanced. If thisistrue, the
average score on each task should remain congtant if the amount of experience and spesker are
held congstant. Comparing the Day 1 pre-test for the M1 Training group to the Day 5 post-test
for the M1 No Training group for each task alows the necessary comparison because it isthe
same talker in both conditions, and listeners have no experiencein ether case. The mean
proportion correct (PC) was not sgnificantly different for the PB task (Day 1 = .32 versus Day
5=.33),t =-.429 (n9), for the Prose task (.73 versus .78), t =-1.76 (ns), for the Harvard
task (.74 versus .77), t =-1.01 (ns), or for the MRT (.78 versus .80), t =-1.03 (ns). There
was a sgnificant difference in the mean for the Haskins task (.60 versus .52), t =2.504. The
Haskins task did show a difference in basdine intdligibility. The effects of training on
performancein the Haskins task must take this inequdity into account. Overdl, these results
suggest that the lists did not differ in basdine inteligibility.
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For each task, a2 x 3 ANOVA was performed (Training x Day 5 Talker) comparing
the PC for Day 5 to assessthe overdl effects of talker and training. A main effect for Training
would indicate a difference in performance between groups with severd days of experience
versus no experience. It is hypothesized that having training would generdly increase
performance, regardless of talker. Thiswould be caused by both practice effects and the
talker/accent effects of interest. A main effect for Day 5 taker would indicate that words

spoken by specific takers are recognized with different degrees of success. Because talkers
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Figure 2.1: Day 5 PB task means.
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differ from each other randomly, it is expected for the gpeech of some takersto naturdly be
more intdligible than others independent of accent. The interaction of Training and Day 5
Tdker ismuch moretdling. For dl tasks, listeners should have better performance on Day 5
when they are responding to the talker on which they had been trained (i.e, M1). If accents
are generdizable, listeners should aso have better performance on Day 5 when they are
responding to atalker who has an accent smilar to the one on which they had been trained

(i.e, M2). The datafrom each task are discussed separately.

PB Task.

For the PB task (Figure 2.1), a2 x 3 ANOVA was performed (Training x Day 5
Tdker). Therewasamain effect of Training, F(1, 101) = 129.15 and of Talker, F(2, 101) =
274.75, aswell asadgnificant Training x Taker interaction F(2, 101) = 24.871. However,
these main effects and interactions do not adequately describe the effects because they average
over smple comparisons. The mogt informative measure can be shown graphicaly by noticing
the difference between each pair of barsin Figure 2.1. Thisisthe disparity in performance
between Training and No Training listeners for each speaker. The difference between the M1
groups (.22 difference in performance) was much larger than the other two sets of groups (.08
for the M2 groups and .06 for the R1 groups). This may imply that while performance
benefitted due to practice regardiess of speaker, there was additiond benefit when the training

talker was the same as the testing talker. Thisis fundamentdly the talker effects described by
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Figure 2.2: Day 5 Haskins task means.

Nygaard, Sommers, and Pisoni (1994); higher reative performance for familiar talkers.
However, no generdized accent effects were found, as would have been indicated by alarger
difference between the groups tested on M2 relative to the those tested on R1. Thisindicates

that no sgnificant benefits accrue to M2 intdligibility dueto M1 Training.
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Figure 2.3: Day 5 Harvard Sentence task means.

Haskins Task.
A 2 x 3 ANOVA was performed (Training x Day 5 Taker) for the Haskins task
(Fgure 2.2). Therewasasdsgnificant main effect of Training, F(1, 101) = 65.16, of Talker,

F(2, 101) = 135.72, and asignificant interaction F(2, 101) = 6.25. Aswith the PB task, a
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ggnificant overal interaction emerges, but in this case it reveded a different underlying pettern.
The differences for the M1 and M2 groups were both .17, while it was only .05 for R1 groups.
In thistask, training on M1 seemed to affect M2 aswdl as M1 intdligibility, an indication of
generdization from one speaker to another. The modest improvements in the R1 condition can

be attributed to practice effects.

Harvard Task

A 2x 3ANOVA (Training x Day 5 Tdker) was performed (Figure 2.3). Therewasa
sgnificant main effect of Training, F(1, 101) = 35.31, and of Taker, F(2,101) = 163.06,
athough there was no ggnificant interaction, F(2, 101) = 2.3. Although no significant
interaction was found, an examination of the differences reveds a pattern which is very closeto
the pattern in the Haskins task. Differences for the M1 and M2 groups were smilar (both ~
.13), while the R1 difference was lower (.05).

MRT Task.

A 2x 3 ANOVA (Training x Day 5 Taker) was performed for the MRT? (Figure 2.4)
task. There was asgnificant main effect of Training, F(1, 99) = 5.8, and of Taker, F(2, 99) =
173.118, but no significant interaction, F(1, 99) = 1.00. Differences in the MRT groups were
very low (M1 =.05; M2 = .02; R1 = .01) while performance was high (.67 over dl

conditions). However, because the response set was limited, chance performance was

Two participants were disqualified from this analysis because they had outlying means (PC > 80%)
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Figure 2.4: Day 5 MRT task means.

16.66%. This had the effect of increasing performance, lessening the effects of training.
Nonetheless, the trend - higher M1 difference compared to smilar M2 and R1 differences - is

smilar to the PB task.

Prose ES.

For the Prose passages, there was a significant main effect for Taker, F(2, 101) =
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16.69, but not for Training, F(1, 101) = .04. There was no sgnificant interaction, F(2, 101) =
2.00. Examindtion of the training data reveded that performance in thistask varied asa
function of the stories and questions used rather than talker factors. In fact, performance was
amilar between testing and training days, despite the addition of SCN. However, asin
Schwab, Nusbhaum, and Pisoni (1985), the exposure during training may have helped
intelligibility in other tasks. Differencesin performances on Day 5 were negligible.

Thereis evidence to suggest that listeners can adapt to an accented talker with
experience, and that the adaptation generdizesto smilarly accented takersin some cases. Al
tasks except the prose passages showed a sgnificant main effect of training. Listeners who
participated in the three days of training had higher proportion correct in dl conditions
compared to the No Training groups. Thiswas true regardiess of the Day 5 taker, dthough the
degree of the difference was not aways the same among M1, M2, and R1 Training groups.
Practice effects, adaptation to the talker, and adaptation to the accent dl contributed to this
improvemen.

A sgnificant main effect for talker wasfound in dl tasks. Tadker M1 yielded higher
performance than M2 or R1 in every task, for both levels of training. The other two takers,
M2 and R1, were generdly equivdent in terms of intdligibility between tasks. This disparity
reflects the natura variahility in talker inteligibility thet isindependent of accent. Becausethe
talkers were not chosen on the basis of subjective inteligibility ratings, but instead by their
linguigtic experience, it is not surprising that some variability occurred in this sudy. Examining
the talkers biographical information, talker M1 had some training in public spesking in his native

29



tongue, while the other talkers did not. This could have contributed to the main effect of talker.
The difference between the M1 Training and No Training groups is a between subjects
measure of the effects of training on performance. It isatest of talker adaptation: exposure to
an individud should improve subsequent performance. However, awithin subjects comparison
was available aswell. To assess the degree in which experience (Day 2 - 4) changed
performance on the test in noise, performance on each task from the pre-test (Day 1) and post-

test (Day 5) were compared for the Training group which was both trained and tested on M 1.
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Figure 2.5: Day 1 Versus Day 5 for M1 "Training" Group
All Tasks
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They are the only group who participated in the entire experiment, and had the same talker for
both pre- and post-tests.  Figure 2.5 illustrates the results for each task. A repeated measures
analysis of variance (ANOVA) was performed for each of the 5 tasks. For the PB task, mean
proportion correct (PC) changed from .32 on Day 1to .56 on Day 5, F(1, 13) = 46.63. For
the Harvard task, mean PC changed from .73 t0 .90, F(1, 13) = 201.21. For the MRT, mean
PC changed from .78 t0 .85, F(1, 13) = 32.51. For the Haskins task, mean PC changed from
.60 10 .69, F(1, 13) = 12.72. The mean PC did not change considerably for the prose
passages, F(1, 13) = 3.8 (ns). These results suggest that subjects were able to improve with

experience with a particular accented speaker.
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CHAPTER 3

GENERAL DISCUSSION AND CONCLUSION

Anecdota evidence suggests that perception of FAS improves over successive
encounters with an accented speaker. Thefirgt time an individua meets an accented speaker,
gpeech perception is labored and faulty. After severa sessions with the speaker, less mistakes
in speech perception are made and the speaker is more readily understood. After large
amounts of exposure, an accent can become unnoticed. Intdligibility of smilarly accented
Speech aso seems to benefits from this exposure.

This pattern repests itsdlf in many contexts; at school, in business, and in internationd
relations. Miscommunication due to mistakes in accent perception can lead to minor
annoyances, or have grave consequencesin life or death Stuations where communication is vitd
(Scott, 2000). Although the effects of adaptation seem straightforward, accent adaptation has
not been explained experimentaly.

The results of the current investigation indicate that adaptation to FAS does occur.

Listeners who were tested before and after three days of exposure to asingle talker showed
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ggnificant increases in performance. Comparing Training and No Training groups on asingle
test provided similar results. Given exposure to atalker, subsegquent speech perception
improves. This extends previous research on taker variability (Nygaard & Pisoni, 1998;
Nygaard, Sommers, & Pisoni, 1994; Goldinger, 1996; 1998) which has shown implicit
memory for talker identity in word identification and recall tests. Words spoken by familiar
talkers are identified more quickly than words spoken by unfamiliar takers. Thiseffect is
magnified when the talkers are accented.

The generdity of this adaptation differed from the hypothesized results. Recdling
Figure 1.1, it was hypothesized that the benefit would be gpproximately additive; practice
effects, talker effects, and accent effects were dl expected to benefit intelligibility independently.
Training on M1 should lead to encoding of both accent and individud characteristics for that
gpesker (M1), which will lead to a generd benefit in M1 test inteligibility. Testing on M2
would only show the benefit of accent effects, not talker effects, because those are the
characterigtics that the two talkers share. Testing on R1 would only exhibit practice effects, the
modest benefit due to exposure to the task.

The actud results did not exhibit this additive effect. Exposureto M1 did lead to
improvement in M1 testing in dl conditions (~13%), and to a very modest benefit for R1
(~5%). However, M2 testing changed as a function of the context provided by a given task.
When the task was word transcription, M2 did not benefit from M1 training a al. The benefit
of exposureto M1 for M2 perception was smilar to the benefit of M1 exposure for R1
perception.
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Conversdly, when the task was sentence transcription, M2 benefitted from M1 training.
In fact, the benefit of M1 training was as large in the M2 condition asin the M1 condition.

It is easy to see the benefit of M1 exposure by examining the difference in performance
between the Training and No Training groups. Taking the difference negates the main effect of

Tdker, which varies randomly independently of accent. Figures 3.1 and 3.2 show these
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differences for each Day 5 post-test talker in each task.  Inthe PB and MRT tasks (Figure
3.1), training in M1 benefitsonly M1 tesing. There is no advantage when lisening to asmilarly

accented talker. These tasks both present the listener with a single word and then ask elther for
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transcription (PB) or for recognition (MRT). Although the differences between the groupsin
the MRT task is small, there does seem to be a genera trend that is Smilar to the PB task; high
M1 differences compared to smilar M2 and R1 differences.

The Haskins and Harvard tasks show a different pattern (Figure 3.2). Exposureto M1
benefitted both M1 and M2 intdlligibility equaly. Thisis different than predicted; the difference

in the M1 groups was expected to be larger than the difference for the M2 groups. Two
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Figure 3.2: Haskinsand Harvard task differences.

commonalities between these two tasks were the type of stimuli and type of response; both
presented listeners with whole sentences, either anomaous or regular, and required

transcription. Notice that the difference for R1 is comparatively smdler than

35



those of M1 and M2, and are cons stently about 5% for the Harvard, Haskins, and PB tasks.
This modest improvement is most likely related to smple practice effects.

The patterns of differences found in both the sentence and word level tasks are
enigmdtic in two respects. Firg, if the accent effect occurs, why would it occur only in the
larger sentence context? Perhaps the level of processing (sentence versus word level) leads to
the divergent results, due to memory demandsin the longer sentence task. But if the underlying
encoding is phonetic, the level should beimmateria. One could argue that the SCN may be the
culprit; listeners may need a certain amount of time to adjust to the noise before they can atend
tothesgnd. If thisweretrue, performance in the word tasks should be much lower regardiess
of training because the initid phoneme would be difficult to recover. Thisisnot the case.
Perhaps contextua cues that come from the larger sentence context are al that is needed for
improved performance. If thisistrue, the benefit is robust enough to overcome the semantic
ambiguity of the Haskinstask. Perhagps transcription is not sensitive enough to show the
underlying pattern, and reaction time would reved adifferent pattern.

Second, when the accent effect does occur, asindicated by high M2 benefit, why
aren't the talker effects more obvious? The benefit of M1 exposure on M2 perception was as
strong as the benefit of M1 exposure on M1 perception in the Haskins and Harvard tasks.
Listeners seem to pick up on accent information exclusvely, ignoring any additiond talker
information. Thisissmilar to modes of lexicd access that propose that dl indexicd information

is gtripped away, leaving the pure linguigtic form (Summerfidd & Haggard, 1973). Doesthe
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word recognition system choose which talker characteristics are important for the task? This
seems unlikely.

One possible partid explanation of these resultsis the role of prosody on speech
processing. If prosodic aspects of speech (pitch contour, amplitude contour, speaking rate) are
encoded into memory, they may affect tasks of different lengths differentidly. Thisisdueto the
inherently temporal nature of prosodic characterigtics. For example, if M1 and M2 had smilar
pitch contours when they speek, this smilarity may be more sdient over alonger presentation
(i.e., the sentence tasks) compared to arelatively impoverished speech sample (i.e., the word
tasks). Thus the benefits of M1 for M2 processing would be more pronounced for the
sentence tasks.

These enigmétic patterns notwithstanding, the overall finding thet learned talker
characterigtics improve intdligibility for amilar talkersisimportant for models of speech
perception. It confirms the hypothesis that indexica talker characteristics are utilized in
perception, but dso suggests that listeners use dl available resources (i.e., Smilar speakers) to
recognize unusua speech patterns, such as FAS. The contextual dependance of this effect may

imply afundamentd difference in the way sentence and word length perception is achieved.

Implication for Models of Lexical Access.

The results of this study have implications for models of speech perception. The Sudies

by Nygaard et a (1994; 1998) and Goldinger (1996, 1998) are based on an episodic modd of
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lexica access, amodd that is specificaly designed to account for taker effects. The viahility of
thismodel can be tested by predicting its reaction to FAS tokens.

Goldinger (1996, 1998) describes amodel of word recognition that is based on
Hintzman's (1986) MINERVA 2 modd of episodic memory. The model is an exemplar
modd; Goldinger assumes that every time a known word is heard again, that new token is
added in memory aong sde dl previous tokens of that word. Many copies of each known
word are retained in memory.

The model does not assume to capture the intricacies of human perception, but instead
endeavors to capture the underlying manner of lexica access. For each word category in
memory, there are many traces, or different versons of that word. When anew word token,
the probe, is encountered, it is compared to each trace, by comparing many smaler features.
Each trace is activated to some degree by relating the smilarity of the probe to thetrace. The
gmilarity activations for each trace are themselves summed to determine the intensity of the
echo - the measure of category membership. The more traces that are smilar to the probe, the
higher echo intensity will be. If the echo isintense enough, the probe isidentified asbeing a
member of that category, and is added to the tracesin that category. Thus, “non-linguistic”
information is not discarded, but encoded into memory as the features of an episode - atrace -
to which subsequent word tokens are compared. When Goldinger (1998) compared
experimentd resultsto smulated results usng MINERVA. The graphs were nearly identicd.
These results were replicated over various types of shadowing tasks, and multi-speaker tokens
(Goldinger, 1996)
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Theoreticdly, if an accented word is presented to this modd, the probe will differ from
al of the other traces on severa features. Because of this difference, initid performance may
be dow, and often incorrect. Assuming correct identification, when the accented probeis
compared to the tracesin memory, it may take severd comparisons for echo intengity to rise to
acriticd levd, identifying the word. The next presentation of the same word should lead to
vastly improved performance, becauise new accented traces will be compared with the
accented trace in memory, causing an increase in echo intensity. The more accented tokens
with amilar characteristicsin memory, the faster and more rdliable lexica accesswill be. When
anew talker with afamiliar accent is encountered, there are dready traces with which to
compareit. Thus, initid lexicad accesswill not be disrupted to the same degree asthe first
speaker. Exposure to one accented speaker can generdize to others, if the words spoken
share Smilar features.

Goldinger theorizes that episodes of words are stored, not smdler units such as
gyllables or phonemes. Thisiswhere the mode isincompatible with the current data and with
Nygaard, Sommers, and Pisoni (1994). If words are stored divorced from the phonetic
properties, only words which have been heard before will benefit from exposure to an
individud. In both studies, talker or accent effects were found for novel words aswell as
previoudy encountered words. Words that share phonemes must benefit from previous
exposure to other words that contain those phonemes. This does not diminate an episodic
modd asviable; if heard words are decomposed into their congtituent parts - syllable or

phoneme size objects - these units could be stored as exemplars. This would aso reduce the
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amount of space needed to retain the episodes, there are afinite quantity of syllables or
phonemes, but an infinite number of words.

Future Research.

The current study found experimenta evidence for adaptation and generdization of
FAS. Intheimmediate future, the relaive importance of talker and accent effects needsto be
clarified. Arethey functiondly identica, or are they different processes? The nature of these
effects dso0 needs to be clarified: Can the results of single word recognition tests be generdized
to larger contexts? How do these effects fit into models of word recognition and lexica
access?

Transcription is not a very sendgtive measure of perception. Once the listener hears an
utterance, mistakes can occur both in perception and in response. Measuring reaction time
may reved more step-like graphs. Goldinger (1998) used reaction time as a meter of echo
intengty. The longer the reaction time, the more passes needed for word recognition. If FAS
at first requires many comparisons of novel words to stored episodes, reaction time should be
dow. With many episodes of FAS, reaction time should decrease.

This research hasimportant implications not only for models of speech perception, but
aso for practicd communication. If this adaptation process is better understood, perhaps more
efficient means of communication could be accomplished. Exposureto avariety of accents at a
young age, for example, could lead to easier FAS intelligibility later in life. Speech recognition
systems could be made more robust if they were able to utilize successful human strategies for

overcoming spesker variability.
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