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Previous work has established that naturally produced clear speech is more intelligible than
conversational speech for adult hearing-impaired listeners and normal-hearing listeners under
degraded listening conditions. The major goal of the present study was to investigate the extent to
which naturally produced clear speech is an effective intelligibility enhancement strategy for
non-native listeners. Thirty-two non-native and 32 native listeners were presented with naturally
produced English sentences. Factors that varied were speakindcsigleersational versus clear
signal-to-noise ratig-4 versus -8 dBand talkenone male versus one femal®esults showed that

while native listeners derived a substantial benefit from naturally produced clear sfmech
improvement of about 16 rau units on a keyword-correct couain-native listeners exhibited only

a small clear speech effe@n improvement of only 5 rau unjtsThis relatively small clear speech
effect for non-native listeners is interpreted as a consequence of the fact that clear speech is
essentially native-listener oriented, and therefore is only beneficial to listeners with extensive
experience with the sound structure of the target languag@0@2 Acoustical Society of America.
[DOI: 10.1121/1.1487837

PACS numbers: 43.71.Gv, 43.71.Es, 43.71.HRK]

I. INTRODUCTION sound systenti.e., the system of phonological contrasts and
their phonetic realizationand higher levels of linguistic
Previous work has shown that naturally produced cleastructure(i.e., vocabulary, syntax, semantics, and pragmat-
speech is more intelligible than conversational speech for gs) of the target language. In other words, non-native lis-
Variety of listener pOpUlationS under various IiStening Condi-tener Speech perception deficits arise primar"y from prob_
tions. In a seminal paper, Picheny, Durlach, and Braidgems of access to the language-specific, linguistic code,
(1989 reported a 17-20-percentage point clear speech intefzther than from problems of access to the speech signal.
ligibility advantage for hearing-impaired adults. This clear The major goal of the present study was to investigate
speech effect was robust across several talkers, listeners, pige extent to which naturally produced clear speech is an
sentation levels, and frequency-gain characteristics. This restective intelligibility enhancement strategy for non-native
sult has since been extended to both normal and hearinggieners. If clear speech enhances speech perception in the

impaired listeners in noise and reverberatitaytonet al, 500 of either signal or code access probldthst is, clear
|1_994; UChaESke'[ al, 199?{1&”?1 to e_IderIy hearlr_lg-lmpawed speech is effective for both hearing-impaired and non-native
isteners(Schum, 1995 While there is some variance across listenerg, then we may conclude that the intelligibility ad-

talkers in the magnitude of the clear speech intelligibilityVam,[age of clear speech is not limited to listeners who al-

advantage they can pr_ovoke, t_he aya_ilgp le Qata indicate th?éady have extensive experience with the target language.

the clear speech' effedie., the |nteII|g|p|I|ty difference be- However, if naturally produced clear speech is not as effec-

;v(\i(reg : s (;O\TV\i/j ésglnonealof tnatjlkglriarli;gﬁii gae:grsezllyngloggs:a dti\_/e a speech perception enhancement strategy for non-native
g ' ' g g ﬁ‘steners as for native listeners with signal access problems,

tion conditions. then we may conclude that clear speech production is essen
The non-native listener population is in many respects w y conciu a rsp production 1S €ssen-

the opposite of the listener population that has typically beeﬁia"y native-!istener'oriented, and its perceptual benef.its are
the focus of clear speech research. Most previous studies 8f1|¥ accesglble to listeners who alrgady have extensive ex-
clear speech perception have focused on communicative sitRerience with the target language. Either of these two results
ations in which speech communication is challenged by thd/ould be of considerable interest from both theoretical and
introduction of some factor that impedes the listener’s accesiractical perspectives since it would provide insight into the
to the signal either by signal degradatiesuch as the addi- mechanism that underlies _the _|nteII|g|b|I|ty advantage (_)f
tion of background noise or reverberaticor by the listen- ~ cléar speech and suggest directions to follow for the design
er's own hearing loss. In contrast to the problems of signaPf SPeech perception improvement strategies that can be op-
access experienced by normal listeners in noise and revelimized for specific listener populations.
beration or by hearing-impaired listeners, the underlying  Previous research on clear speech production has iden-
source of the speech perception problems experienced BgIEd a wide range of acoustic phonetic features that charac-
non-native listeners is their limited experience with theterize the conversational-to-clear speech transformation.
These include modifications that serve to enhance the overall

acoustic salience of the signal such that it is more resistant to

3An earlier version of this study was presented at the 141st meeting of th%he adverse effects of background noise or a listener-related
Acoustical Society of America, Chicago, IL, June 2001. -
PElectronic mail: abradlow@northwestern.edu perceptual deficit. These modifications include a decreased
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speaking rate(including the insertion of longer and more lar to it (Best, 1994, 1995; Flege, 1992, 1995; Kuhl and
frequent interword pausgsa wider dynamic pitch range, Iverson, 199% That is, non-native speech sounds are per-
greater sound-pressure levels, more salient stop consonateived with respect to the sound system, or code, of the
releases, and greater obstruent rms inter{fiigheneyet al, native language. In addition to this code mismatch between
1986. L1 and L2 which interferes with L2 speech perception, non-
Additionally, clear speech production involves modifica- native listeners also appear to be disproportionately chal-
tions that serve to enhance the acoustic distance betwedenged by degraded signals relative to native listeners. For
contrasting speech categories. For example, clear speech pexample, several studies have shown that non-native listener
duction involves less vowel reduction, thereby enhancing th@erformance declines more sharply than native-listener per-
acoustic distance between individual vowgbscheneyet al, ~ formance on speech perception tasks with increasing levels
1986; Moon and Lindblom, 1994; Johnson, Flemming, andf signal distortion either through the addition of background
Wright, 1993; Bradlow, in press; Ferguson and Kewley-Portnoise or reverberatiofNabdek and Donahue, 1984; Mayo,
in press. Furthermore, UchansKil988, 1992 showed that Florentine, and Buus, 1997; Meador, Flege, and McKay,
clear speech production involves nonuniform segment dura2000. Thus, the difficulties imposed by the non-native lis-
tion increases such that durational contrasts are enhanced; fieners’ lack of experience with the phonological structure
example, while both long/tense and short/lax vowels in-and the patterns of phonetic implementation of the target
creased in duration from conversational to clear speech, thanguagsi.e., their code access problenase aggravated by
lengthening was far greater for the long/tense vowels thathe presence of a signal distorting influence.
for the short/lax vowels, thereby enhancing the length dis- Based on this information about clear speech production
tinction between these contrasting categories. Similarly, Cutand about patterns of non-native listener speech perception,
ler and Butterfield 1990 showed that English syllables be- we predicted that non-native listeners who have had very
fore word boundaries were lengthened to a greater extent ilimited experience with the spoken form of the target lan-
clear speech than in conversational speech, thereby enharguage would show only a small intelligibility benefit for
ing the duration difference between preboundary and nonelear speech relative to conversational speech. That is, we
preboundary syllables. Thus, the available data indicate thatxpected to find that clear speech would not be as effective a
clear speech production is guided by both signal enhancespeech intelligibility enhancement tool for non-native listen-
ment strategiegi.e., those that make the signal generallyers as it is for hearing-impaired listeners or for normal lis-
more acoustically salienand code enhancement strategiesteners with degraded speech. The rationale behind this pre-
(i.e., those that exaggerate the acoustic distance betweeliction was that, while the signal enhancements of clear
contrasting categorigs speech production should provide a perceptual benefit to all
In addition to incorporating these signal and code endisteners, the code enhancemefitscluding those that en-
hancements, clear speech production also involves the maihance the acoustic distance between contrasting categories
tenance of certain language-specific pronunciation normsand those that involve adherence to pronunciation npames
For example, Bradlowin pres$ showed that clear speech likely to be beneficial only for those listeners who are al-
production in both English and Spanish involved mainte-ready experienced with the sound structure of the target lan-
nance(rather than reductignof CV coarticulation through- guage. In particular, the slower speaking rate, the wider dy-
out the duration of long, clear speech syllables where passiveamic pitch range, greater sound pressure levels, more
constraints on articulator movements could have been ovesalient stop consonant releases, and greater obstruent rms
come (see also Matthiegt al, 200). Furthermore, Ohala intensity (i.e., the signal enhancements of clear spgech
(1995 showed that temporal differences that distinguish En-should promote intelligibility even for listeners who are rela-
glish stop consonant categories, such as voice onset time atidely unskilled in decoding connected speech in the target
overall word duration, were not exaggerated in clear speechanguage(Hazan and Simpson, 200(However, only a lis-
rather, talkers exhibited a strict adherence to pronunciatiotener who is already sensitive to the important dimensions of
norms of the language viswis these parameters during clear contrast that define the sound system of the target language
speech production. In combination with the findings aboutor who is familiar with the detailed pronunciation patterns of
the enhancement of the acoustic distance between contrastative speakers is likely to benefit from the code enhance-
ing categories, these findings suggest that clear speech pnments of clear speech. For example, only a listener who is
duction is guided, at least in part, by principles that directlyalready sensitive to the consistent length difference between
reflect the phonology and phonetics of the target languagelax/short and tense/long vowels in English will benefit from
Previous research on non-native speech perception halse enhanced duration difference between these vowel cat-
identified two major sources of non-native listener difficulty. egories in clear speech. Therefore, we predicted that overall
The first of these sources is specific to the particular nativenon-native listeners would derive a significant, but relatively
target languagéL1—-L2) pairing in question; the second is small, clear speech benefit.
apparently independent of the language backgrounds of the In order to test this prediction we designed a test of
listener and talker. The L1-L2 specific source of non-nativesentence-in-noise perception in which we manipulated
listener difficulty has been well documentéidr example, speaking style(conversational versus clgaand signal-to-
see the contributions to Strange, 199%nd results from the noise ratio(—4 vs —8 dB). Our specific research questions
fact that listeners perceive an incoming L2 speech sound asere:(1) How does the magnitude of the clear speech benefit
belonging to the L1 category whose members are most simieompare across native and non-native listen&sMow do
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TABLE I. General information about the non-native subjects.

Number of

subjects reporting Mean Range
Age 32 25.5 yrs. 22-32 yrs.
Length of English study 31 9.8 yrs. 6—17 yrs.
Age of acquisition of English 31 12.0 yrs. 5-18 yrs.
Length of time in an English speaking community 32 0.26 yrs. 0.02-2 yrs.
TOEFL scoré 25 626 597-667
SPEAK scorB 27 37.5 27-52

&TOEFL=Test of English as a Foreign Languageostly writter).
PSPEAK= Speaking Proficiency English Assessment (éittest of spoken Engligh

increasing levels of noise affect sentence perception by nagram had already been admitted to a doctoral program and
tive and non-native listeners? In addition to these primarhad therefore demonstrated a high level of proficiency with
research questions, we were also interested in investigatingritten English communicatiofas measured by a minimum
some of the factors that may be related to sentence-in-noiseore of 560 on the paper-and-pencil TOEFL examination or
perception abilities across individual non-native listeners220 on the computer-based version of the)teliowever,
Specifically, we wanted to see whether non-native listenethese students had been identified by their admitting depart-
sentence-in-noise perception ability correlated with speecment as likely to have some difficulty with spoken English
production ability and with various demographic variables,communication(based on their department’'s subjective ex-
including age of acquisition, length of acquisition, and writ- perience of the spoken English skills of previous students
ten language abilityas measured by the standardized Test ofrom each individual student’s home countrgimilarly, the
English as a Foreign Language, or TOBFL subjects recruited from the ESL program all came to the
program due to their owfor their departmentjsrecognition
of their need to improve their oral and aural English skills.
Il. METHOD o .
Thus, the population in this study does not represent a ran-

The overall design of the study involved testing a groupdom sampling of non-native speakers in the Northwestern
of adult non-native listeners who had very limited prior ex- University community, nor were the subjects selected based
posure to spoken English on a sentence-in-noise recognitiopn their native language background; rather, these individu-
task. Performance on this task was measured as a function afs were selected based on their limited experience in an
speaking style and level of background noise. A controlEnglish-speaking environment. The breakdown according to
group of normal-hearing native American English listenersnative language background was as follows: Bengali (
was also tested on this task. As part of this experiment, we=1); Chinese (=20); Hindi (n=1); Japanesen=1);
also collected data on the non-native subjects’ familiarityKorean (1=5); Romanian §=1); Slovakian (=1);
with the words in the test sentences, and subsequently ré&panish (=1); Thai (1=1). Additional information about
corded them producing the set of test sentences. These rde group of non-native subjects is provided in TableAls
cordings were then submitted to intelligibility testing by na- indicated in the table, some subjects were not able or did not
tive American English listeners, thereby allowing us towish to report some of the information we requestéthe
examine the correlation between sentence perception arbn-native subjects were all paid for their participation in
production for the group of non-natives. This overall designthis study.
yielded two primary sets of datdl) performance on the The native speakers in the control group were all cur-
sentence-in-noise perception task by groups of non-nativeently enrolled undergraduates at Northwestern University.
and native listeners, an@) sentence production accuracy by They ranged in age from 18-30 years, and were all mono-
the same non-native subjects who performed the perceptidingual speakers of American English. They were recruited
test as judged by an independent group of native listenefsom the Linguistics Department subject pool and received
(i.e., not the same native listeners who participated in theourse credit for their participation in this study. All subjects

perception tesgt (from both the non-native test group and the native control
. group reported normal speech and hearing at the time of
A. Subjects testing.

A total of 64 normal-hearing adults participated in this
study. The test group included 32 non-native speakers oé Stimuli
English, recruited from the Northwestern University Interna-—"
tional Summer Institute and English as a Second Language The stimuli for this study consisted of slightly modified
Program. The International Summer Institute is designed toersions of the sentence lists included in the Revised
provide incoming international graduate students from acrosBamford—Kowal—-Bench Standard Sentence Test, which was
the university with intensive English language training asoriginally developed for use with British childrefBench
well as a general introduction to academic life in the USAand Bamford, 1979 The revised set of sentence lists was
during the month before they begin their graduate studies ateveloped by the Cochlear Corporation for use with Ameri-
Northwestern University. All of the participants in this pro- can children. Each list consists of 16 simple English sen-
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tences with either three or four keywords for a total of 50session. For the first session, subjects were tested in groups
keywords per list. Of the original 21 lists, four lisists 7,  of one to three. The data collection session began with a
8, 9, and 1D were selected based on their equivalent intelli-language background questionnaire which probed the sub-
gibility scores for normal hearing children as reported injects’ language learning experiendésth native and foreign
Bamford and Wilsor(1979. The rationale behind the selec- languages as well as their self-reported performance on
tion of these sentences for this study was that, due to theistandardized tests of English language proficiency. Next,
limited vocabulary, they would be appropriate for use with asubjects were seated in front of a computer monitor in a
variety of listener populations, including non-native listenerssound-attenuated booth and the sentence-in-noise perception
and children(both of whom are likely to have limited recep- test was administered. Stimulus presentation was controlled
tive and productive vocabulariesThe sentence lists used in by special-purpose experiment running softwéserPERLAB
this study are provided in the Appendix. PRO 2.0). The audio files were played out through the com-
Two adult native speakers of Standard American Englistputer sound card(SoundBlaster Live over headphones
with no known speech or hearing impairmégane male, age (Sennheiser HD58Cat a comfortable listening level, which
33 years, and one female, age 40 ygarsre recorded pro- was set by the experimenter before the start of the experi-
ducing these sentences in a sound-treated booth in the Ph@rent. The subject’s task was to listen to the sentence stimu-
netics Laboratory in the Department of Linguistics at North-Jus and to write down whatever she or he heard on specially
western University. They read the sentences from a printeirepared answer sheets. After each trial, the subject pressed a
list, speaking into a microphone that fed directly into theputton on a response bdsupplied as part of theUPERLAB
sound cardSoundBlaster Liveof a desktop computer. Re- pro 2.01package to elicit the next trial. Each trial was pre-

cording was done on a single channel at a sampling rate &fented only once, but subjects could take as long as they
16 kHz using thePRAAT speech analysis software packageneeded to record their responses.

(developed at The Institute of Phonetic Sciences at the Uni-  Each subject responded to stimuli from only one talker

versity of Amsterdam, copyright by Paul Boersma and Pauleijther the male or the female talkeSignal-to-noise ratio
WeeninK. The input level was continuously monitored and (—4 versus—8 dB), and speaking styléconversational ver-
adjusted so as to ensure maximum gain without exceedingys clearwere factors that varied within subjects. Each sub-
the dynamic range of the recording system. ject responded to a total of 64 senten¢éssets of 16 sen-
The talkers produced the sentences under two condiences, which were distributed evenly across the two signal-
tions. First they read the sentences in a conversational speajg-noise and speaking style conditions. For all subjects, the
ing style, then they repeated the sentences in a clear speakifigst two sets of sentences were presented in thedB
style. For the conversational speaking style, they were insjgnal-to-noise ratio condition, and the second two sets were
structed to read at their normal pace without any particulabresented in the -8-dB signal-to-noise ratio condition. This
attention to clarity, as if addressing someone highly familiarg ger of presentation of the two signal-to-noise ratio condi-
with their voice and speech patterns. For the clear speakingyns was done to ensure that any practice effect would be
style, they were instructed to read the sentences as if speakynteracted by the decline in signal-to-noise ratiich
ing to a listener with a hearing loss or from a different lan-,y 55 presumed to be more powerful than any practice effect
guage background. _ _ o ~ Within each of the two signal-to-noise ratio blocks, one set
Following the recording sessions, the digital speech fileg,f sentences was presented in conversational speaking style
were segmented into sentence-length files. The root-meanyq the other was presented in the clear speaking style. The
square amplitude of each of the digital speech files was thegyger of presentation of the four sentence lists was counter-
rescaled to 65 dB SPL. Each file was then digitally mixedpajanced across subjects. Over the course of the entire ses-
with white noise(generated irPRAAT) to yield two speech-  gjon each subject heard each of the 64 sentences only once.
plus-noise files, with-4 and -8 dB as the two signal-to- After all subjects had finished the sentence-in-noise per-
noise ratios. These signal-to-noise ratios were selected on thention test, a word familiarity rating test was administered.
basis of pilot testing which indicated that normal-hearing,-. this test, each of the 154 unique keywords in the com-
native listeners performed in the mid-to-high range on a Senf)lete set of sentences used in the sentence-in-noise percep-

tence intelligibility test with these sentences at these signal,, o5t was presented to the subjects for a familiarity rating
to-noise ratios. Each of the final stimulus files consisted of 8 - <cale of 1 to 7 where=Fl don’t know this word.”

400-millisecond silent leader, followed by 500 milliseconds 4_«, recognize this as an English word but | don’t know its
of noise, followed by the speech-plus-noise file, and endin%eaning " and 24 know this word.” An additional set of

W'.th a 500—m|II|§econd noise-only tail. The noise in the 500'75 filler items was presented as part of this test. These addi-
millisecond, noise-only header and tail was always at the.

same level as the noise in the speech-plus-noise portion %Ional words were selected from lists of words that were
. ! ; ) ] iven low, medium, and high familiarity ratings by native
the stimulus file, that is at 69 and 73 dB for thet- and g y gs by

_8-dB sianal-t . i giti ivel listeners in Lewelleret al. (1993 and that were used in pre-
-db signal-lo-noise ratio conditions, respectively. vious tests with both native and non-native listen@sad-

low and Pisoni, 1990 The inclusion of these words ensured
that the full range of the familiarity rating scale would be
1. Non-native listeners represented by the items in this test. On each trial, the target

Each subject participated in two data collection sessionsword was presented in standard American English orthogra-
a perception test session followed by a production recordinghy on the computer scred¢nsing SUPERLAB PRO 2.01S0ft-

C. Procedure
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ware), and the subject entered his or her familiarity rating byD. Data analysis
pressing the appropriate button on the keyboard. The current Accuracy scores on the sentence-in-noise perception test

'tef.“ remalneq on the screen until a respopse was recordeﬁiom both the non-native and native listeners were obtained
which then triggered the start of the next trial. The order ofa/

. . ) X counting the number of keywords correctly transcribed.
presentation of the items was randomized. Both ratings an Y g y y

i ded. Subiect instructed e adopted a strict scoring criterion by which a word was
response times Were recorded. Subjects were instructe Runted as correctly transcribed if it included all and only the
work as fast as they could without sacrificing accuracy. Th

L . . . eappropriate affixege.qg., if a plural marking “s” or past tense
entire first data C(_)IIect|_on sessm(mcludmg the_ language . marking “ed” was omitted or added the word was counted as
background questionnaire, the sentence-in-noise percepti

test d th d familiarit ting testasted _ (?rr]'correct) Listeners were not penalized for obvious spelling
rﬁZt'elf/ml hojr word familiarity rating tgstasted approxi- errors. This scoring method resulted in a keyword-correct

Subiects ret d to the Phonetics Laborat .score out of a possible 50 for each of the four sentence lists
ubjects returned to the Fhonetics Laboratory approXig, . o ch jistener—4-dB signal-to-noise ratio conversational
mately 1-2 weeks after the first data collection session for @tyle _4-dB signal-to-noise ratio clear style;8-dB signal-

(rjgc%rdlﬂg ses;.lon. tlhn t]tns ses?onf, sub{ects w?rr]e trecorded IE_ES—noise ratio conversational style 8-dB signal-to-noise ra-
dividually reading the four Sets ot sentences that Were Usef, o5, style. The scores were converted to percent-correct
in the sentence-in-noise perception test. They were mstructescﬁ

, 1985 This transformation places

e scores on a linear and additive scale, thus facilitating
eaningful statistical comparisons across the entire range of
e scale. An identical scoring system was applied to the
ative listener transcriptions of the non-native productions.

It is important to note that both the use of meaningful
ntences and the strict scoring criterigm which all and
ly the appropriate affixes had to be present for a word to
counted as correctnay have penalized the non-native
eners based on their more limited knowledge of English

intended listener. These recordings were made on an Ari
Proport with a Shure SM81 microphone. All subjects rea
the four sets of sentences in the same order. After the recor
ing, the sound files were converted to thev format and

transferred to a PC-based computer. The digital speech fil

were then segmented into sentence length files, and ea%
file's root-mean-square amplitude was rescaled to 65 d%e
SPL. Each file was then digitally mixed with white noise list

(generated irPRAAT) to yield a speech-plus-noise file with a 1\ p 6100y and syntax relative to the native listener con-

*+5-dB _f_|gnal-to-?r:)|se railo. The fm_al flltes thafl'(lj the Sa4n80rols. Therefore, while the data from this experiment do not
composilion as the senténce-in-noise lest hes. a allow us to view the effect of language backgrouinetive
millisecond silent leader, followed by 500-milliseconds of

. ol d by th h-ol e fil 4 endi versus non-natiyeon speech perception in the absence of
noise, foflowed by the speech-plus-noise tile, and en Ingi’1igher-level linguistic influences on sentence recognition ac-
with a 500-millisecond noise-only tail.

curacy, they provide a benchmark for assessing sentence rec-
ognition under conditions that, at least to some extent, re-
semble real-world communicative situations. It remains for
further research to compare performance under the sentence

Two independent groups of native listeners participatedand data analysis conditions of the present experiment with
in this study. The first group of 32 native listeners served aperformance under conditions that isolate speech perception
a control group for the sentence-in-noise perception test thatbility from other higher-level linguistic influences.
was administered to the non-native listeners. Data collection
on this test with the native listener controls followed exactly
the same procedure as for the non-native listeners. ll. RESULTS

The second group of native listeners<40) served as
judges for the non-native sentence productions that were re- Data from the word familiarity rating task with the non-
corded in the second session with the non-native subjects. imative listeners showed that the vast majority of the words
order to keep the number of required native listener judgesvas highly familiar to the vast majority of the listeners. Fa-
manageable, each non-native talker’'s overall intelligibility miliarity rating data from 2 of the 32 listeners had to be
was assessed on the basis of native listener transcriptions discarded due to an equipment failure in one case and a
only one of the four sentence lists. Furthermore, in order tanisunderstanding of the task on the subject’'s part in the
avoid possible adaptation on the part of the native listener tother case. Of the remaining 30 subjects, 6 gave high ratings
the non-native talker’s voice and speech patterns, we comgreater than 5 on the 7-point scate all of the 154 unique
piled 8 sentence presentation conditions each of which inkeywords in the sentence-in-noise perception test. Of the re-
cluded 2 sentence productions from each of the 32 nonmaining 24 listeners, only 2 gave low ratindsss than bto
native talkers for a total of 64 sentences per conditionmore than 4% of the words: 1 gave low ratings to 7 words
According to this scheme, each talker contributed 2 sen¢4.5% and 1 gave low rating to 11 word3%). The rest of
tences to each of the 8 conditions resulting in each talker’she listeners gave high ratinggreater than bto at least 97%
overall intelligibility score being based on transcriptions of of the words. We found no relationship between the number
one set of 16 sentencé€® sentences in each of the 8 condi- of low-familiarity ratings given by an individual subject and
tion) from a total of 40 independent listengis listeners in  his or her overall performance on the sentence-in-noise per-
each of the 8 conditions ception test. Therefore, we performed all analyses of the

2. Native listeners
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FIG. 1. Overall sentence-in-noise perception test scores
(mean keywords correct on the rau sgdte native and
non-native listeners. Error bars are the standard error of
the mean.
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sentence-in-noise perception test with the assumption thahan for the stimuli produced by the female talenean
the non-native listeners were all sufficiently familiar with the difference= 13 rau; t(30)=3.47,p<0.001], whereas for the
keywords to ensure that this test provided a valid measure afon-native listeners there was no significant difference in the
their ability to perceive sentences in noise under the variousignal-to-noise ratio effect across the two talk¢nsean
speaking styles and signal-to-noise ratio conditions incorpodifference<1 rau;t(30)=0.06, p=0.96]. None of the other
rated into this test. interactions was significant.

Figure 1 shows the overall results of the sentence-in-  Table Il shows the proportional changes that correspond
noise perception test for both non-native and native listenergo the absolute scores shown in Fig. 1. For the improvement
Data for subjects that responded to the stimuli from the fefrom conversational to clear speech perception, these propor-
male and male talkers are shown on the left and right, retions were calculated aglear speech score—conversational
spectively. As expected, the non-native listeners as a grougpeech scojéconversational speech score, and therefore rep-
performed at a much lower level on this test than the nativeesent the clear speech benefit as a proportion of the conver-
listeners. Furthermore, the two groups of subjects showedational speech score. For the decline in performance from
different patterns of responses across the various conditionthe —4-dB signal-to-noise ratio condition to the 8-dB
The data in absolute rau units were submitted to a four-factosignal-to-noise ratio condition, these proportions were calcu-
repeated measures ANOVA with talkenale versus female lated as(—4 dB)—(—8 dB)/(—4 dB), and therefore represent
and listener(native versus non-natiyeas between-subjects the decline in speech perception performance as a proportion
factors, and signal-to-noise ratie-4 vs —8 dB), and speak- of performance in the-4-dB signal-to-noise ratio condition.
ing style(conversational versus clgas within-subjects fac- Figure 2 shows the magnitude of the clear speech effect
tors. All four main effects were significaftalker: F(1,60)  (top panels and of the signal-to-noise ratio effe@ottom
=9.23, p<0.005; listener:F(1,60)=272.64, p<0.0001; panels for individual subjects in the maldeft panels and
signal-to-noise ratiok(1,60)=248.75,0<0.0001; speaking female(right panel$ talker conditions. The clear speech ef-
style: F(1,60)=93.32,p<0.000]. Listener interacted sig- fect sizes shown in this figure were calculated by subtracting
nificantly with speaking styl¢F(1,60)=25.08, p<0.000]]
due to the fact that the native listeners exhibited a muclABLE IlI. Proportional changes in sentence-in-noise performance.
greater clear speech effect than the non-native listenefs

[mean difference 11.11 rau;t(62)=4.28, p<<0.0001. The Native Non-native
speaking style by talker interaction was also significantProportional increaséClear-Cony/Conv:
[F(1,60)=23.66,p<0.0001 due to the fact that the female Female —4dB 31% 26%
talker elicited a much greater clear speech effect than thﬁale _2 gg ig;‘: 4302’
male talker[mean difference 10.79 rau; t(62)=4.125, p _8dB 31% — 4%

<0.0001. Signal-to-noise ratio entered into significant

three-way interaction with talker and listen¢F(1,60)  Proportional decrease-4 dB)—(—8 dB)/(—4 dB):
=7.49,p<0.01] due to the fact that, for the native listeners, Female Clear 16% 34%
the decline in performance for the8-dB signal-to-noise ra- %‘I’g;"r 2396(;/2 111/;)
tio condition relative to the-4-dB signal-to-noise ratio con- Conv. 6% 37%
dition was greater for the stimuli produced by the male talker
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FIG. 2. Magnitude of the clear speech effécip panelgand of the signal-to-noise ratio effe&tottom panelsfor individual subjects in the malgeft panel$
and female(right panel$ talker conditions.

each listener’'s average sentence-in-noise perception scomagnitude of the clear speech effect, indicating that those
(across the two signal-to-noise ratio conditipfte the con-  non-native listeners with poorer conversational speech per-
versational speech stimuli from the corresponding score fogeption benefit more from clear speech than their fellow non-
the clear speech stimuli. Similarly, the signal-to-noise rationative listeners who begin with better conversational speech
effect sizes were calculated by subtracting each listener’gerception. There was also a significant positive correlation
average sentence-in-noise perception s¢amzoss the tWo petween clear speech perception scores and the magnitude of
speaking style conditiondor the —8-dB signal-to-noise ra-  he clear speech effeét= +0.738,p<0.05), probably be-

tlo.from .the ck:]orrta}sponﬂmg T]coreh for thed-dB S|grf1fal—to- di cause relatively good performance with clear speech typi-
noise ratio. The plots show that the group mean effects, IS'aIIy arises from a relatively large clear speech effect. Also

cussed above and shown in Fig. 1, are reflected quite we f note in this correlational analysis was the positive corre-

when we look at the individual subject data. : )
. . ; lation between sentence productias assessed by the na-
In order to gain some insight into the factors that may,. . . o . .
. N A tive listeners’ transcriptions of the non-native talkers’ pro-
have contributed to some of the individual variability ob- . .
(,‘gﬂuctlons) and clear speech perceptigrn= +0.449,p<0.01),

served in the size of the clear speech effect across individu dicating that th ) ith relativel d
non-native listeners, we looked at the relationship betwequ Icating that those non-natives with relatively good percep-

the sentence-in-noise perception scores and the various dien abilities also had relatively good production abilities.
mographic variables that were collected in the Ianguagérh's perception—production correlation was weaker and just
background questionnaire. This analysis was performed udailed to reach significance when perception ability was in-
ing various sentence-in-noise perception scores: only théexed by conversational speech perception ability
conversational speech stimuli, only the clear speech stimuli +0.34,p<0.0564, possibly due to the fact that the con-
and the clear-conversational speech difference score. Theersational speech perception scores showed less variance
most notable result of this correlational analyéigven in  than the clear speech perception scdstandard deviation
Table Ill) was a negative correlatiofn=—0.358,p<<0.05  for conversational and clear speech perception were 6.67 and
between conversational speech perception score and ti9e23 rau, respectively
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TABLE Ill. Correlations between sentence-in-noise perception scores and various other demographic variables for the non-native listeners.

Conv. Clear Clear-Conv. TSE TOEFL AOA LOA LOI
Conversational
(n=32, 5-42 rau
Clear 0.366'
(n=32, 15-53 rau
Clear- —0.358 0.73¢
conversational
(n=32,—11-28rau
SPEAK® 0.205 0.234 0.081
(n=27, 27-52
TOEFLY —0.085 —0.250 —0.187 0.554
(n=25, 597—66Y
AOAS® —0.063 -0.177 -0.132 —-0.643 0.270
(n=31, 5-18 yeans
LOAf 0.003 —-0.139 —0.142 —-0.071 -0.170 —0.436
(n=31, 6-17 yearns
Lol 0.245 0.280 0.104 —0.421 0.094 0.008 —0.259
(n=32, 0.02-2 yeais
Sentence production 0.340 0.449 0.204 0.232 —0.229 —-0.211 0.059 —0.061
(n=32, 43-93 rau
g <0.05.
bp<0.01.

‘SPEAK= Speaking Proficiency English Assessment (gittest of spoken Engligh
4TOEFL=Test of English as a Foreign Langua@eostly writter).

fAOA = Age of Acquisition.

fLOA=Length of Acquisition.

9LOI=Length of immersion in an English speaking environment.

"p<0.06.

Finally, Fig. 3 shows individual subject data for the non- (3) None of the demographic variables or test scores that we
native listeners by native language background. The data are investigated was related to sentence-in-noise perception
shown separately for those who responded to the fettabe ability by the non-native listeners in this study. However,
pane) and male(bottom pangltalkers. Within each plot, the we found a significant negative correlation between the
data are presented in order of performance on the conversa- magnitude of the clear speech effect and conversational
tional speech materiakstriped bars are in ascending order  speech perception, and a significant positive correlation

from left to right). The filled bars represent the amount of between sentence production ability and clear speech
change in performance for the clear speech materials relative perception ability.

to the conversational speech materials. As shown in this fig-
ure, performance varied widely across listeners, even for lis-  We discuss these finding in reverse order, ending with a
teners from the same native language background who refiscussion of the comparatively small clear speech benefit
sponded to stimuli from the same talker. For examplefor the non-native listeners.
performance of native speakers of Chinese covered a broad The lack of correlation between the various demo-
range in both baseline performance with conversational magraphic variables and sentence-in-noise perception is some-
terials and in the magnitude of the clear speech benefit reyhat surprising, given the results of earlier work that found
gardless of the talker, suggesting that native language backignificant relationships between some of these variables
ground alone did. not Qetermine performance on the preseng.g., age of acquisition and length of L2 study/expopsure
test of sentence-in-noise perception. and L2 speech perception performartes., Flege, MacKay,
IV. DISCUSSION and _Meadpr, 1999 However, it is Ilke:-Iy thgt the lack pf a
relationship between the sentence-in-noise perception test
This study was designed to address three main issuegnd any of the other factors that we investigated is due to the
the magnitude of the clear speech effect across native a@ample’s uniformly limited amount of exposure to spoken
non-native listeners, the effect of increasing levels of “OiS%nglish. Despite the fact that the subjects varied consider-
on sentence perception by native and non-native Iistener%;my in terms of age of English acquisiti¢f—18 yearsand

and the factors that are related to sentence-in-noise perce%—ngth of English study6—17 yeark none of these subjects
tion abilities across individual non-native listeners. The ﬁnd'had spent a significant amount of time in an English-

ings of this study demonstrated that speaking environmenfnone had spent more than 2 years,

(1) The group of non-native listeners exhibited a comparaand all but two had spent under 1 year immersed in an
tively small clear speech benefit; English-speaking environmentin contrast, the non-native

(2) The non-native listeners were not more adversely afpopulation studied by Flege and colleagues had long-term
fected by increasing levels of noise than the native lis-exposure to spoken Englisseveral decades woithThus,
teners; while the non-native listeners in the present study showed a
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considerable range of overall performance on the sentencenhancements of clear speech productian, those that ex-
in-noise perception tegrange=39 rau; minimun=15rau; aggerate the acoustic distance between contrasting categories
maximum= 54 ray, this variability could not be explained and those that involve adherence to pronunciation ngrms
by any of the factors that we investigated. This result sugthe non-native listeners derived most of their clear speech
gests that non-native listener spoken language processing lrenefit from the signal enhancements of clear speech produc-
the absence of immersion in the target language depends dion (i.e., those that enhance the overall acoustic salience of
other factors, which still remain to be identified. the signal. Under this view, the negative correlation between
In contrast to the lack of correlation between demo-conversational speech perception and the magnitude of the
graphic variables and the sentence-in-noise perception testiear speech benefit for the non-native listeners is accounted
we found a significant negative correlation between the magfor by supposing that the more proficient non-native listeners
nitude of the clear speech effe@te., the ability to take ad- (as measured by the conversational speech perception accu-
vantage of the talker-related clear speech modificatiand racy) have shifted to a more native-like strategy of attempt-
conversational speech perceptign=—0.358, p<<0.05. ing to take advantage of the code enhancements of clear
This relationship suggests that those non-native listenerspeech. While this strategy is ultimately efficient and effec-
with the most room for improvement are generally the onegive, it requires extensive experience with the target lan-
who derive the most benefit from clear speech, and conguage.
versely that as sentence perception accuracy increases, the Initially, we hypothesized that the beneficial effects of
clear speech benefit decreases. This pattern of results seeths signal and code enhancements of clear speech production
to contradict the finding that the group of non-native listenersvould be additive, that is, we hypothesized that all listeners
had a much smaller clear speech benefit than the native lisvould benefit from the signal enhancements and that listen-
teners, since the group of native listeners certainly had faers with experience with the spoken form of the target lan-
higher overall speech perception accuracy than the group afuage would derive an additional benefit from the code en-
non-native listeners. A possible resolution to this apparenhancements. However, the pattern of results for the non-
paradox is that, whereas the native listeners derived most ofative listeners suggests that perhaps for normal-hearing
their clear speech benefit from the language-specific, codeon-native listeners, the beneficial effects of the signal en-
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hancements are attenuated once the listener reaches a levepobductions of these two individual talkers. In particular, the
sufficient sentence perception proficiency where she or hacoustic measurements showed that for both talkers,
begins to pay attention to the code enhancements of cleabnversational-to-clear speech modifications included a de-
speech. This account for the apparently contradictory findcreased speaking rate, longer and more frequent pauses, less
ings of (@) a negative conversational correlation betweenglveolar stop flapping, more final stop releasing, greater
conversational speech perception and the magnitude of theynsonant-to-vowel intensity ratios, a higher mean pitch, a
clear speech benefit for the non-native listeners, @nda  ider pitch range, and an expanded vowel space. However,
much smaller clear speech benefit for the group of nonyere were substantial differences between the degree to
native listeners than for the group of native listeners is highly, hich each talker’s clear speech exhibited these characteris-
speculative at this point and further investigation is requiredjcg |, particular, the female decreased overall speaking rate
before any conclusive explanation can be offered. and increased the frequency and duration of pauses far more

The present study also found that the group of NONYhan the male. The female also increasd mean and ex-

native listeners was not more adversely affected by noise

. o ganded her overall vowel space more than the male. How-
than the group of native listeners; rather, the native listener . .
ever, the male avoided reduction processes, such as alveolar

showed a greater difference between signal-to-noise rati . ) )
ﬁfzappmg and unreleased final stop consonants, and increased

conditions than the non-native listeners for the male talker's . itch than the f le. Given that the f e’
productions. This result was surprising in view of previous IS pitch range more than the female. Given that the female's

findings to the contraryNabdek and Donahue, 1984; Mayo, clear speech was significantly more intelligible than the
Florentine, and Buus, 1997; Meador, Flege, and McKaymaIe’s(despite equivalent conversational speech intelligibil-
2000: however, it is possible that the non-native listeners in'y), this pattem of intertalker differences in clear speech
the present study exhibited a floor effect for the3-dB production suggests that modifications to temporal character-

signal-to-noise ratio condition. Future testing with inexperi-iStics, as well as increased articulatory effort and precision,
enced subjects such as those in the present study should i@y be particularly effective for enhancing intelligibility. In
volve more favorable signal-to-noise ratios so that overalfontrast, increased pitch range and elimination of “reduc-

performance can be elevated, thereby avoiding the possibition” processes(such as alveolar flapping and final conso-
ity of a floor effect. nant releasingmay be less effective for enhancing intelligi-
Furthermore, given that the native listeners in thebility. It remains for further research with more talkers to
present study showed different signal-to-noise ratio conditiorletermine whether these preliminary generalizations are
differences across the two talkers, it appears that some talkalid.
ers may produce speech that is more resistant to noise than The major purpose of the present study was to investi-
others. This talker-related factor is also seen when we comgate whether non-native listeners would show a speech intel-
pare the effect of speaking style across the two talkavs ligibility benefit for naturally produced clear speech over
eraged across both signal-to-noise ratio conditiofier both  conversational speech. This purpose was inspired by the
the native and the non-native listeners, the two talkers haginding of a robust clear speech effect for a wide range of
equivalent overall conversational speech intelligibility scoregjsteners including hearing-impaired adults, elderly adults,
[native listeners: mean male versus female €iff.8rau,  and normal-hearing adults in degraded listening conditions.
t(30)=0.86, p=0.40; non-native listeners: mean male ver-we were particularly interested in investigating the clear
sus female diff=2.3 rau, t(30)=0.97, p=0.34]. However,  gpeech effect for non-native listeners, because the nature of
the female talker's clear speech intelligibility was signifi- their speech perception deficit is quite different from that of
cantly greater than the male’s for the native listerfen®an  yho other populations that have been the subjects of previous
male versus  female dift15.6rau, 1(30)=4.70,  (joar speech research. Whereas previous clear speech studies
E:noﬁ%?i(\)/ E' Tlihsltsegg::r[?g;napr?r:;laech\?gr;gsnIf:‘((:a?:;:lz fo(;ilffhehave focused on listeners whose knowledge of the target lan-
" guage is intact but their access to the speech signal is im-
f6'2.1 rau,t(30):1.99,.p=Q.0'6]. F.ur.th_e.rmore, for the na’- peded, the present study focused on non-native listeners for
tive I|ste_ners, the deglme n mte.:"'g'b'“.ty for t_h_e females whom the speech perception deficit results primarily from a
igisgrs;:i ;2;2 pdez Cshlir:;l dti?}(;: ;Zesrfzgl?ef?hn: :It?](;n n:g?e’ S lack of access to the underlying linguistic code. We reasoned
that since clear speech production is essentially “native-

(male= —31rau; female—19ray. Thus, although both i , 4" onlv th i ho h .
talkers had comparable baseline intelligibility scores, the fe_ls_tener oriented,” only those |ste_ners Who have experience
ith the phonology and phonetics of the target language

male talker was more effective at producing clear speech anff

her conversational speech was more resistant to increasiﬁ{g)OU'd be able to takg fU|| .advantage of the conversat|o.na|-
levels of noise. to-clear speech modifications. Nevertheless, we predicted

In a companion study to the present stu@radlow, that since clear speech production involves some features
Kraus, and Hayes, SmeittEdNe report the results of a se- that are Ilkely to increase |nte|||g|bl|lty for all listeners, such
ries of acoustic—phonetic measurements of the male’s an@s the slower speaking rate, wider dynamic pitch range,
female’s productions that may be responsible for these difgreater sound-pressure levels, more salient stop consonant
ferences. This analysis must be taken as preliminary becauseleases, and greater obstruent rms intensity, non-native lis-
it was based on only two individual talkers; nevertheless, iteners would derive a significant, but relatively small, clear
revealed some notable differences between the clear speespeech effect.
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TABLE IV. Comparison of the clear speech effect size across various listener populations as reported in the
literature (representative, but non-exhauspive

Average clear

Study Materials Listeners Presentation conditions speech effect
Paytonet al, 1994  nonsense sentences 2 HI OMCL freg-gain char. 26 rau
adults self-adjusted levels
noise and reverb. as for NH
1 talker
10 NH° 3 reverberation conditions 20 rau
adults 3 noise conditions
3 reverb/noise combinations
1 talker
Schum, 1996 meaningful 60 HI multitalker babble 20 rau
sentences adults 10 young, 10 elderly talkers
Pichenyet al, 1985 nonsense 5 HI 2 freg.-gain characteristics 17 rau
sentences adults 3 levels
3 talkers
Helfer, 1997 nonsense 39 NH multitalker babble, 3 SNRs 17 rau
sentences adults audio, visual, audiovisual
Present study meaningful 32 NH 2 noise levels 16 rau
sentences adults 2 talkers
Bradlow et al. meaningful 38 NL® 2 noise levels 9 rau
(submitted sentences children 2 talkers
77 LI%hildren 2 noise levels 9rau
2 talkers
Present study meaningful 32 NNfadults 2 noise levels 5 rau
sentences 2 talkers

®Hl = hearing-impaired.

PNH=normal hearing.

°NL=normal hearing and not learning-impaired.
9| = learning-impaired.

°NN= non-native.

The findings of the present study confirmed this predic{16—-20 ray. [If we include the data from the Payta al.
tion by demonstrating a far smaller clear speech effect for th€1994) study, the range is 10 rgulhis consistency indicates
non-native listener group than for the native listener groupthat for these listeners the clear speech effect is robust and
Indeed, the average non-native listener clear speech effect sfable in magnitude across a variety of talker and listening
5 rau was far smaller than the average native listener clearonditions.
speech effect of 16 rau on this sentence-in-noise perception Of greater interest for the present study is the finding
test. This native listener clear speech effect is comparable ithat the data in Table IV appear to fall into three groups: a
magnitude to previously reported clear speech effects fogroup with a large clear speech effect {5 rau), a group
both hearing-impaired listeners and normal listeners undewith an intermediate clear speech effégtrau, and a group
degraded listening conditions, confirming that our test prowith a small clear speech effet rau. We propose that an
vided data that could be used for a valid comparison of thémportant factor that distinguishes the three groups of listen-
clear speech effect across several populations. Table IV prers represented by these levels of the clear speech effect is
sents such a comparison, where the data have been listedtime stage of target language development, and that this factor
descending order of the magnitude of the clear speech effegtlays a major role in determining the likelihood that a lis-
Included in this table are the data from a companion study téener will benefit from naturally produced clear speech. The
the present study which used the same stimuli and experlisteners in the first group get the largel5-rau clear speech
mental design as the present study to investigate the cledenefit because of their extensive experience with the target
speech effect in normal and learning-impaired childrenlanguage. Thus, despite the fact that their access to the
(Bradlow, Kraus, and Hayes, submitjetiVhile the data in- speech signal is impeded, they are able to take advantage of
cluded in this table do not represent an exhaustive list of almost, if not all, of the clear speech enhancements. The chil-
clear speech perception studies, they are representative of tbeen in the second grou@mean age 10.6 and 10.4 years,
general range of the clear speech effect across various lis.d=1.8 and 2.2 years for the normal and learning-impaired
tener populations. children, respectively represent a listener population in

It is evident from the data in Table IV that for hearing- which the process of language acquisition is not complete.
impaired listeners and normal listeners with degraded signalshus, according to this interpretation, these children were
the clear speech effect is remarkably consistent across studble to derive some benefit from the clear speech enhance-
ies. Excluding the data from one study that found an unusuments, but this benefit was smaller than for the adults in the
ally large effect of 26 rau for two hearing-impaired listenersfirst group.(For more discussion of these data see Bradlow
(Paytonet al, 1994, the range of the effect is just 4 rau et al, submitted). The third group of subjects, the non-native

282  J. Acoust. Soc. Am., Vol. 112, No. 1, July 2002 A. R. Bradlow and T. Bent: Non-native clear speech effect



listeners(who had the least amount of experience with spothan a difference in their ability to take advantage of the
ken English, showed only a very small clear speech effect. Aacoustic—phonetic modifications of English clear speech. It
prediction from this pattern of data is that the magnitude ofremains for future research to address this important limita-
the clear speech effect develops with age and exposure to thien.
spoken language, and therefore that the individuals in the We conclude by emphasizing the importance of broad-
child and non-native listener groups will eventually attain theening the range of listener populations that are tested on their
large clear speech benefit exhibited by the native listeneability to take advantage of naturally produced clear speech.
adults. It is very likely that different listener populations will find

A noteworthy limitation of the present data was the usedifferent enhancement features of clear speech more or less
of meaningful sentence materials in the sentence-in-noiskeneficial. Without a better understanding of how talker- and
perception test. Even though the non-native subjects in thiistener-related factors interact to influence overall speech
study were quite proficient in English grammiérey all per- intelligibility, we will remain limited in our ability to en-
formed well enough on a standardized test of English readinance speech intelligibility through the use of either natu-
and writing proficiency to be admitted into an Americanrally or synthetically produced clear speech over a wide
graduate schopl it is very likely that they were less able range of communicative situations.
than the native listeners to take advantage of the contextual
information offered by the meaningful sentence materials,
This important difference may have been particularly salien
under the more difficult listening conditions, that is for the We are grateful to Rebecca Schwarzlose and Juri Mat-
—8-dB signal-to-noise ratio and for the conversationalsubara for data collection and processing, and to Xueqing Xu
speech materials. It is therefore possible that the difference ifor programming assistance. We also thank two anonymous
the magnitude of the clear speech benefit across the tw@viewers and Keith Kluender for extremely helpful com-
groups of subjects in this study reflected a difference in theiments on an earlier version of the manuscript. This research
ability to take advantage of contextual information ratherwas supported by NIH-NIDCD Grant No. DC 03762.
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APPENDIX: SENTENCE-IN-NOISE PERCEPTION TEST MATERIALS

List 1 (BKB-R List 7, keywords underlined)
(1) The childrendroppedthe bag
(2) The dogcameback

(3) The floorlookedclean

(4) Shefound her purse

(5) The fruitis on the ground

(6) Mother got a saucepan

(7) They washedin cold watet.

(8) The youngpeopleare dancing
(9) The busleft early.

(10) They had twoempty bottles
(11) The ballis bouncingvery high
(12) Fatherforgot the bread

(13) The girl' has a picturéoook
(14) The orangewvas verysweet
(15) He is holding his nose

(16) The newroadis on the map

List 3 (BKB-R List 9, keywords underlined)
(1) The booktells a story

(2) The youngboy left home
(3) They are climbingthe tree
(4) Shestoodnear her window
(5) The tablehas thredegs

(6) A letter fell on the floor

(7) The fivemenare working
(8) He listenedto his father

(9) The shoesvere very dirty
(10) They wenton a vacation
(11) The babybroke his cup
(12) The ladypackedher bag
(13) The dinnerplateis hot
(14) The trainis movingfast
(15) The childdranksome milk
(16) Thecarhit a wall.
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List 2 (BKB-R List 8, keywords underlined)
(1) The boyforgot his book

(2) A friend camefor lunch

(3) The matchboxesare empty

(4) He climbedhis ladder

(5) The family boughta house

(6) The jugis on the shelf

(7) The ballbrokethe window

(8) They are shoppindor cheese
(9) The pondwateris dirty.

(10) They hearda funny noise

(121) The policeare clearinghe road
(12) The busstoppedsuddenly

(13) Shewritesto her brother

(14) The footballplayerlost a shoe
(15) The threegirls are listening
(16) The coatis on a chair

List 4 (BKB-R List 10, keywords underlined)
(1) A dish towel is by the sink

(2) The janitoruseda broom

(3) Shelookedin her mirror

(4) The goodboy is helping

(5) They followed the path

(6) The kitchenclock was wrong

(7) The dogjumpedon the chair

(8) Someonas crossingthe road

(9) The mailmanbroughta letter

(10) They are ridingtheir bicycles

(11) He brokehis leg

(12) The milk was by the front door
(13) The shirtsare hangingn the closet
(14) The groundwas veryhard

(15 The bucketshold water.

(16) The chickenlaid some eggs
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