*Manuscript

Click here to view linked References

O©CoO~NOOUITDAWNPE

Title Theroles of bottom-up and top-down information in the recognition of reduced

speech: evidence from listener swith normal and impaired hearing

Esther Jand&’, Mirjam Ernestu®’

*Corresponding authoEsther.Janse@mpi,rfel: +31 24 3521432, Fax: +31 24 3521213
& Utrecht institute of Linguistics OTS, Utrecht Uaisity, Janskerkhof 13, 3512 BL Utrecht, The

Netherlands
® Max Planck institute for Psycholinguistics, PO B0, 6500 AH Nijmegen, The Netherlands
¢ Centre for Language Studies, Radboud UniversifyB@x 310, 6500 HD Nijmegen

Abstract [word count: 200]

Highly reduced pronunciation variants, such as sbimg like yeshay'for yesterdayare abundant in
conversational speech. Previous research has skimatnlisteners understand such pronunciation
variants only in their sentential contexts. Thisdst further investigates the roles of the acoustic
properties of reduced words themselves and of séofeymtactic and acoustic information in their
contexts. We report five experiments in which gptints were tested on the recognition of reduced
words originating from a corpus of conversationalitdh. Experiment 1, a visual cloze test,
demonstrates that our set of reduced words caneotglessed just on the basis of their
semantic/syntactic context. Experiment 2 replic#ttesearlier finding that reduced words can only be
recognised in their contexts. Experiment 3 showas tine reduced words were less well recognised if
the context is presented visually in the form @hographic transcriptions. These experiments sugges
that listeners need some acoustic properties ofucestl words themselves, together with
semantic/syntacticand acoustic information in their contexts, to recagnireduced words.
Experiments 4 and 5 confirm the importance of attoursformation for word recognition by showing
that high-frequency hearing loss hinders both titerpretation of the target words' acoustic propgrt

and the use of neighbouring context.
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Theroles of bottom-up and top-down information in the recognition of reduced speech:

evidence from listener swith normal and impaired hearing

1.0 Introduction

In conversational speech, words can be reduceé dudistically, for instance, the four-syllable word

hilarious can be pronounced akléres/ (Johnson, 2004). Importantly, such reductionsupaery

frequently, especially in highly frequent wordsfied expressions, where three-to-five syllables ca

be reduced to only one (Ernestus, 2000). John€advZoncluded that over 60% of the words in his
corpus of casual American English speech deviat@ ftheir citation forms on at least one segment,
and that several segments are absent in 28% ofditetokens.

Many people are not aware of such reduced praatime variants, either in their own speech
or in speech of others. They do not notice thaingegs are missing and tend to report that utteeance
sound intact. In Kemps, Ernestus, Schreuder, anglydda (2004) Dutch participants listened to
sentences and were asked to monitor for the phonémeisteners often responded wrongly to

reduced forms such as 'eikik/ (a reduced form of Dutclikolok/ eigenlijk ‘actually"), thereby filling

in segments that were not part of the speech sigimglortantly, this happened only if the reduced
form was presented in sentence context.

Even though most listeners are not aware of reatpoenunciation variants, there is evidence
that reduced speech is more difficult to process tblear speech. Relatively mildly reduced forms
(e.g., variants with missing /t/s or schwas, oriargs with flapped /t/s) produced in isolation are
recognised more slowly than their unreduced copatés (Janse, 2004; Janse, Nooteboom, & Quené,
2007; Ranbom & Connine, 2007; Tucker & Warner, 2@mnestus & Baayen, 2007).

The presence of context has been shown to fdeilitae perception of reduced speech
substantially. Ernestus, Baayen, and Schreuder2j2§idowed that highly reduced word forms, cut
from a speech corpus of casual Dutch, were poatpgnised by young normal-hearing listeners
when presented as isolated fragments (52% corrEbty also tested identification of the reduced
words if they were presented in their 'Limited Gt being the target word's adjacent vowels and
intervening consonants. Third, identification ofteame target forms was also investigated when
presented in their full context. The results showleat identification of the highly reduced target
words went from 52% correct in the Isolation coioditto 70% in the Limited context condition, to
92% in the Full context condition. Similarly, Pi¢tkeand Pollack (1963) showed that very short
excerpts from connected speech were often entiralgtelligible, but the same excerpts became
intelligible when presented re-embedded in theimaigcontext.

The question now arises which properties of theexd are beneficial. There is no doubt that
semantic or syntactic information can aid spokemdar@cognition (e.g., Swinney, 1979; McClelland
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& Elman, 1986; Norris, 1994; Norris, McQueen & Guitl2000). Further, several studies have shown
that acoustic context cues facilitate recognitibmvords. Some of these contextual cues are relgtive
local in the speech signal: if a word's acoustatdees spread through coarticulation or assimitatio
this will mainly affect its immediately neighbougrsegments (Gaskell & Marslen-Wilson, 1998;
Nolan, 1992, Gow 2001, 2002, and Ellis & Hardcas?#@02). The same holds for durational cues
indicating the location of word boundaries (SpindicQueen, & Cutler, 2003; Salverda, Dahan, &
McQueen, 2003; Shatzman & McQueen, 2006), or codgating grammatical function (Local,
2003).

There are also acoustic context cues that areeldt a greater distance from their source.
Cues to the presence of /r/ in a word can be faumdimber of syllables before or after the word
containing this phoneme (Kelly & Local, 1986; Tunld999; Heid & Hawkins, 2000; West, 2000;
Local, 2003). Similar long-distance effects werarfd for the feature [anterior] (Coleman, 2003).
Hawkins (2003) argues that this spreading of festuwer a target word’s neighbouring syllables may
make the speech signal perceptually coherent.

Crucially, most studies on the role of context,areliess of whether this context mainly
contained semantic/syntactic constraints or acowstés to the target word, have used carefully lab-
recorded speech. The present study investigatesimipertance of acoustic properties of the word
itself, and of information contained in a word'sw@xt in the perception afpontaneousather than
carefulread speech. Though context plays a crucial role ineustdnding conversational speech, the
very reduction of the context as well as the tathat is characteristic of conversational speecl ma
cause specific contextual influences to be lessepflv in conversational than in read speech.
Conversational speech is often faster than readcbpeparticularly if we focus on speech fragments
containing reduced pronunciation variants. Listeneray not have the time to fully process all
information contained in these speech stretchesis Thay hold for processing of both
semantic/syntactic and acoustic information. A sectssue is that acoustic cues signaling a target
word in conversational speech could be reducedtivel to carefully read speech. Acoustic context
cues in casual speech could then be too subtle fidked up by listeners. The results of Pickett &
Pollack (1963) suggest that listeners are abledio yp contextual information in speech that isdrea
aloud fast, but their study did not specify howueell the fast articulated target words or their
contexts were, or which type of information was tedmed in the context. We specifically focus on
stretches of conversational speech containingnglyd reduced speech, and on the roles of different
sources of information in the recognition of rediigeords. First, we investigate which information in
the words' contexts is used to facilitate targetdarecognition. Second, we investigate the impagan
of acoustic properties of the reduced words thevesdior spoken-word recognition.

In order to investigate the roles of acoustic (@otup) information and semantic/syntactic
context (top-down) information in the recognitioh reduced words, we followed up the study of

Ernestus, Baayen, and Schreuder (2002). We fitrsilgeo investigate how semantically/syntactically
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constraining the context fragments of their (208®)dy were to see which type of context in the
(2002) study was particularly beneficial to recaigm of the target words. The results of a cloz te
on written materials (our Experiment 1) suggest tieeir “full context” did not contain many
syntactic/semantic cues. In Experiment 2, we rafid the Ernestus, Baayen and Schreuder (2002)
context benefit results with a number of improvetaen the experimental design, including only
context fragments that are not strongly semanyicatl syntactically biasing. In Experiment 3, we
presented the auditory target words together witfviaual) orthographic transcription of their
sentential contexts. This was done to investigdtetier the combination of the acoustic propertfes o
the reduced words and the semantic/syntactic irdbon contained in their contexts would facilitate
word recognition as much as presenting the targettheir auditory contexts (as was done in
Experiment 2). The results showed that providing wfsual context also boosted recognition of the
(auditorily presented) reduced words, but to adiesgtent than presenting the reduced words im thei
auditory contexts. Together, these three experisnehbw that the context effects on target word
recognition in Ernestus, Baayen, and Schreuder(2éliould be attributed to the interaction between
the acoustic properties of the target word andrinfdion contained in the word's context (being both
semantic/syntactic constraints and acoustic cudtsettarget word).

Experiments 4 and 5 provide initial data aboutréfievance of the high-frequency part of the
spectrum for recognition of target words in and ofitheir natural contexts. Several studies have
shown that while young normal-hearing listeners haedly aware of the massive reduction in
conversational speech style, reduced articulaiomuich more evident to people with hearing loss,
which often affects hearing in the high frequendgreparticular (Picheny, Durlach, & Braida, 1985,
1986, 1989; Payton, Uchanski, & Braida, 1994; UskarChoi, Braida, Reed, & Durlach, 1996). This
suggests that high-frequency acoustic informatioay nbe important for the recognition of
conversational speech. Experiment 4 tests this thgges directly. In Experiment 4, young normal-
hearing listeners were presented with the speet@riala as in Experiment 2, but these materialewer
filtered with a downward sloping filter, attenuajihigh frequencies more than low frequencies.

Experiment 5 investigates the recognition of reduzeget words in and out of their contexts
by older adults. Many older adults suffer from (@agkted) hearing impairment that particularly
affects the high frequencies. Unlike the young &didsted in Experiment 4, who suddenly had to deal
with a speech signal with attenuated high frequescolder adults may have gradually developed
strategies to cope with a more impoverished spséegial. Such strategies may involve a stronger
reliance on low-frequency information (e.g., Stettmawicz et al., 1990), or on semantic context
(Nittrouer & Boothroyd, 1990; Pichora-Fuller, Scide¥, & Daneman, 1995). Experiment 5,
therefore, shows how indispensable high-frequentyrination is for the recognition of our reduced
speech materials.

In short, the present study investigates how botip acoustic information in a target word
and in its context and top-down semantic/syntagtformation in its context contribute to the
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recognition of that word in conversational speddiese issues are addressed in five experiments: one
visual cloze test to test whether our targets’ extstwere semantically/syntactically constrainioge
study in which auditory presentation of the reducgdrds was supplemented with a visual
presentation of their contexts, and three auditecpgnition studies testing how well different gosu

of listeners recognise the words in and out ofrtbentexts.

2.0 Experiment 1. Cloze procedureon sentence contexts

Experiment 1 investigated whether the context &fean target word identification reported in
Ernestus, Baayen, and Schreuder (2002) shouldtidleused purely to strongly biasing semantic or
syntactic information in the context. We transctiltbe stretches of speech used in Ernestus, Baayen,
and Schreuder (2002) orthographically and we ptesdetie context fragments in a visual cloze task.
Since participants only received visual informatitreir guesses on what the target could have been
must be based on semantic and/or syntactic infoaemat the words' contexts and cannot be based on

acoustic cues to the target word.

2.1 Materials and methods

2.1.1 Materials

The test stimuli of the Ernestus, Baayen, and $clare(2002) study were drawn from a corpus of
Dutch spontaneous casual conversations recordad@undproof room (Ernestus, 2000). Each of the
53 stretches incorporated in our studgntains a (reduced) token of 20 different tangetd types
(words or fixed expressions, such imsieder gevalin any case'). The word tokens differed in degree
of reduction: degree of reduction was classifiedHagh, Medium, or Low (cf. section 3.1.1 or
Ernestus, Baayen, & Schreuder, 2002, for a mofgoedde description). An example of the sentence
context for the worakigenlijk 'actually' isnou eigenlijkalleen voor deze keer niatell actually only

for this time not'.

2.1.2 Participants
Eighteen young adults (all students at Utrecht Brsity and all native speakers of Dutch) parti@gdat

in the experiment. The students were paid a sreelfdr their participation.

2.1.3 Procedure

! The Ernestus et al. study had 54, rather thawBB] tokens, but one token could not be retrieveghsore.
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An internet application was made that presented ditirographic transcriptions of all sentence
fragments. Target words were replaced by dotsidjaahts read a sentence fragment and were asked
to guess three times which word they thought hash beft out. They were encouraged to come up
with three different guesses. Only after fillingtheir three answers for that trial, they wouldqared

to the next trial. The order in which the 53 sen&fragments were presented was randomised for

each participant.

2.2 Results

Figure 1 gives two histograms of the cloze resHigure 1a represents how many (out of 18) students
guessed the target word correctly as their firgisguFigure 1b represents how many (again out)of 18
participants guessed the word correctly as eithefitst, second or third guess.

##INSERT FIGURES 1A AND 1B ABOUT HERE##

Out of the 53 target words, only 7 items (3 itemghe High reduction group, 3 items in the Low

reduction group, and 1 item in the Medium reductiwaup) were guessed correctly (either as first,
second or third guess) by at least a third (mose thout of 18) of the participants. This suggésis

the context effects in Ernestus, Baayen, and Sdiere{2002) cannot be attributed to strong syntactic
and/or semantic constraints.

In the following recognition studies, we analysaaly the 46 stimuli that were guessed
correctly by less than a third of the participatdad considered the other 7 as fillers). We thus
concentrated on the stimuli with minimal semantid ayntactic cues in the context. The remaining
items had a mean cloze value of 1.8D€£1.46) (i.e., on average 1.11 out of 18 participantessed

the word correctly).

3.0 Experiment 2: Young normal-hearing listeners

In the original Ernestus, Baayen, and Schreude®@2P8tudy, the effect of context on target word
recognition may have been confounded with, andiplgseflated by, a number of material and
design issues. Therefore, before we follow up @irtbtudy and address our experimental questions,
we first replicated their study with a number ofpiontant changes to see whether we would obtain

similar effects. These changes are discussed b&laver changes are discussed in section 3.1.

Blocking stimuli by speaker and familiarisationgraent
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The stretches of speech in Ernestus, Baayen, amekBter (2002) were from 17 different speakers
and were presented in random order. Identificatiowords that are presented in lists has been shown
to be worse if the words are from multiple speakkarsl are presented in random order) compared to a
single speaker, presumably because listeners ireedd adapt to each new speaker's characteristics
(Sommers, Nygaard, & Pisoni, 1994). The contexeliein Ernestus, Baayen, and Schreuder (2002)
may have been inflated by the continuous switchiatyveen speakers, which affects recognition of
short fragments more than that of longer fragmenterefore, in the present study, fragments were
blocked by speaker which resulted in 17 speakerkislavith an average length of 3 items (target and
filler items). Furthermore, each block of fragmeafsone speaker was now preceded by a 1-second
long familiarisation fragment of this same speakkgwn from the corpus that the target and filler
fragments were drawn from as well. These speakailifaisation fragments were included to allow

speaker adaptation to take place before the festls(targets and fillers) were presented.

Equalised Intensity

In the original (2002) study, intensity differende=tween speech stimuli were maintained. This could
have been partly responsible for the differencesialligibility between word tokens of different
degrees of reduction, since the degree of reduatiay naturally covary with signal intensity (thede
reduced stimuli being generally louder than theameduced stimuli). In the present study, we wanted
to investigate intelligibility of our target itemisased on spectral properties of the signal, and on

information in their contexts. Mean intensity wherefore equalised over all fragments.

Within-subjects design instead of between-subgktign

In the Ernestus, Baayen, and Schreuder (2002) stadyet word tokens were presented in three
contexts: in isolation, in limited context (togetheith adjacent vowels and intervening consonants),
and in the sentence fragment they were taken filGomtext manipulation in their study was a
between-subjects factor: listeners were assignemeoof three context conditions (for all stimuli.

the present study, context waswé&hin-subjectsfactor to rule out the possibility that differesce
between conditions are actually differences betwsseticipant groups. This is especially important i
Experiment 5 where we tested older listeners, stheg generally form a much less homogeneous
group than young student populations. Furthermengithin-subjects design also allowed us to relate
context use to individual characteristics (such hesiring acuity) of the older participants in

Experiment 5.

3.1 Materials and methods

3.1.1 Materials
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Each of the 46 stretches of speech, originating fitte Ernestus, Baayen, and Schreuder (2002) study,
contains a (reduced) token of 20 different targetdiatypes (words or fixed expressions, such as, e.g
in ieder gevalin any case'). As mentioned before, the word riekdiffered in degree of reduction.
There were tokens with Low (little or no) reductidBecondly, there were tokens with Medium

reduction, missing several segments, but consistimgore segments than the initial, the final, sl

stressed segments of their unreduced countergads, two-syllabic moxak/ instead of the three-

syllabic /moxoalak/ mogelijk ‘possible.” Third, there were tokens with High wetlon, consisting
maximally of the initial, final, and stressed segtse of their unreduced counterparts, e.g.,
monosyllabic thok/ mogelijk ‘possible.” Word tokens were classified on theibad unanimous

phonemic transcriptions of three trained phonetgiavho listened to the stretches of speech
containing the word forms as well as four preceding four following syllables. The phoneticians
could replay these stretches as often as they kttovas necessary for a reliable transcription.tRer
transcriptions, a segment counted as presentrié thas an auditory trace (regardless of whetheethe
was clear evidence for this trace in the spectrayjra

In addition to the 46 target items, 62 filler itgnwhich also varied in degree of reduction,
were interspersed with the target items. Note tpatticularly for the target items, we included
multiple tokens of the same word type, e.g., tweakers’ realisations ahogelijk ‘possible’. Thus,
listeners would hear more than one token of theesawrd type, but always in different degrees of
reduction and always from different speakers. Tilier fitems were from the same speakers as the
target items and were included to increase thersliyein correct answers from 20 different answers
(to the 46 targets) to 75 different answers (to4Beargets and 62 fillers). Thus, all in all, 11@8t
fragments (targets and fillers) were presentedeticited 75 different answers.

We tested identification of the test words (tasgatd fillers) only in sentential context and in
isolation. Since there were not sufficient stimiali present every subject with at least 10 different
stimuli in three context conditions per degree eduction, we restricted the experiment to the two
most extreme context conditions in order to deteemihe maximal effect of context: minimum

amount of context (i.e., none) and maximum amo@iobotext (sentence fragment).

3.1.2 Participants

Twenty-four young adults, all students at the Radbbtniversity of Nijmegen, participated in this
experiment. They were 3 men and 21 women, and alenative speakers of Dutch. They had a mean
age of 21 yearsSD=2.1; range 18 to 25). Their hearing acuity in betins was tested in a soundproof
booth with a Maico ST20 audiometer. Averaged ove? &nd 4 kHz, mean pure-tone threshold in the
better ear was 5.6 dB HISD=3.7; range 0 to 13 dB). Mean hearing acuity aessfrequencies is
graphed in Figure 6 in section 6.1.2.
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3.1.3 Design and Procedure

Using a Latin-square design, we rotated context twe 108 test items on two experimental lists. Of
each experimental list, three variants were maa@¢ waried randomly in the order in which the
speaker blocks were presented. This made six diffeexperimental lists to which the participants
were randomly assigned.

Participants listened to stretches of speech dweadphones (Sennheiser HD 215) in a
soundproof booth, with each stretch of speech bpiegented only once. All speech fragments were
presented diotically. Participants were asked foeae back the speech fragment they heard as
accurately and as fast as possible (note agairatbantence fragment either consisted of a woxddfi
expression, e.geigenlijk'actually’, or of the word/fixed expression astfdira longer fragment, e.g.,
nou eigenlijkalleen voor deze keer nistell actually only for this time not'). Participants' responses
were recorded and scored by the test assistantdiately. The test assistant only scored whether the
target word had been reproduced correctly, andréghavhether the context had been repeated
correctly. If necessary, the recording could beduséer to check a (unclear) response. We chose to
elicit spoken responses, since we believe theyaser to provide than written responses, espgciall
for the older participants in Experiment 5. Furthere, we considered spoken responses to better
reflect 'online' processing than written resporsEzause they can be given faster.

All participants were first presented with the teerce condition, then the isolation condition.
We know that restoration naturally occurs wheretists are presented with reduced forms in their
appropriate contexts (Kemps, Ernestus, Schreud&aayen, 2004). In the first part of the experiment
the participants were therefore probably unawarthefgoal of this study. If the isolated fragments
were to be presented first, listeners might knovawdbur research was about and might focus on
reduction during the entire study which might resualless natural listening behaviour. Before each
context condition, participants were presented vdttpractice familiarisation fragment and four
practice items to get used to the task. In theahdist blocks, each familiarisation fragment was
always followed by at least one filler item. Pres¢ion level of the speech stimuli was kept cortstan
for all participants at a mean of 80 dB SPL (a leviich is still comfortable for those with normal
hearing).

Finally, in order to have a measure of cognitieefgrmance of the participants, we included a
variant of the Stroop colour naming task in ourgedure. The Stroop experiment was performed after
the listening experiment. Participants were askedame the colour of a rectangle, which either had
the letter string "XXXX" in it in a large white fapor an incongruent colour name (e.g., the wor@®RE
in a green or blue rectangle). For each of theetheetangle colours (red, blue, green), there wWese
pictures (e.g., the red rectangle appeared withetiter strings "XXXX", "BLUE" or "GREEN"). The
neutral picture (with the string "XXXX") was preded twice to balance the number of observations
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per condition (neutral vs. incongruent). Theseekpntations per rectangle colour, times three ¢slou
made 12 trials. These were repeated 10 times dlorarorder, so that there were 120 observations for
each participant in total (60 per condition). Weaswed by means of a voice key how fast people
named the colour of the rectangle. The young ppaits' results on this colour-naming test will be
presented together with those of the older adutEXperiment 5, section 6.1.2).

3.2 Results and Discussion

A response was counted as correct if the targetl iaken was reproduced correctly (whether the
surrounding words were reproduced correctly wasralgivant here). In scoring the responses, we
noticed that some listeners would repeat reducaghfents in a reduced manner like the speaker. If
the response contained as few or even fewer segrtfen the presented fragment, we could not be
sure that the participant had recognised the fragroerrectly or was just repeating what he or she
heard without recognising it. We decided to disctndse responses, which formed 5% of the

responses, most of which were given in the sentenodition (e.g., the participant's responsk//
was rejected for the targetilk/ eigenlijk ‘actually’, and so was the responkends/ for /hemal/

helemaalentirely").
In Figure 2, accuracy rates are given for the viokéns in the two context conditions and the
three degrees of reduction (computed as the rétibeocorrect responses, relative to the sum of the

correct and incorrect responses).

## INSERT FIGURE 2 ABOUT HERE ##

The results (1051 observations) were analysed avithulti-level regression analysis for binomial data
(the dependent variable being whether a responsecaraect or incorrect) with participant and word
as crossed grouping factors (Pinheiro & Bates, 2(D0ené & van den Bergh, 2004; Baayen,
Davidson, & Bates, 2008). The factors were the Begnf Reduction of the word token (Low,
Medium, or High) and whether or not it was preseénite Context. In the text below, regression
coefficients will be provided for the fixed effeatsth standard errors in brackets, as well as nesl
and significance values. The isolation conditiothwiligh degree of reduction was mapped on the
intercept. Relative to High reduction, items withMedium degree of reduction elicited higher
accuracy scoreg£1.69 SE=0.27),z=4.79,p<0.001). Similarly, items with Low degree of redoot
also elicited higher accuracy scores than the Higtiuction items f£=1.69 SE=0.27), z=6.30,
p<0.001). Further, target words were better recaghis sentence context than in isolatigrd.69
(SE=0.40),z=6.68,p<0.001). The statistical model gave a significatiyter fit if Context was added

10
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to the random item part, indicating that contexswzore helpful for some word types than for others
(loglikelihood ratio test¥*(2)=9.756,p<0.01).

The present results look rather similar to thos¢aioed in the Ernestus, Baayen, and
Schreuder (2002) study. Most importantly, we vedfthat presenting target words in their context
considerably improves identification performanceropresenting them in isolation, even though we
only included contexts that are not semanticallytagtically constraining. Furthermore, we now took
care that participants had had the chance to adabé speaker's characteristics by blocking thgeta
words by speaker and by having every block stati Wiilers. The current results do not show an
interaction between context benefit and degreeedtiction, unlike the results in Ernestus, Baayen,
and Schreuder (2002). Further analyses showedhisavas not due to the exclusion of the items with
constraining semantic or syntactic context, butpbjnto the decreased power as a result of the eéang
from a between-subjects to a within-subject desgwgnich resulted in half the number of stimuli per
condition). We will show that the interaction istsstically significant if we include the other two
listener groups (Experiments 4 and 5).

The identification results obtained in Experiméntshow a robust context benefit effect.
Clearly, the context provided by the sentence fiags contains important information to aid
identification of the target words: for the wordéms in the High reduction category, identification
accuracy went from 53% in isolation to 90% in cahtelhis raises the question what type of
information is present in the contexts. Experimérghowed that the contexts themselves were not
highly semantically/syntactically constraining.tlfe auditory context contairecousticcues to the
target word's identity, then the combination of sluglitory presentation of the target words withuals
orthographic transcripts of their contexts shouieldya smaller context benefit than the auditory
context benefit observed here in Experiment 2. dffect ofvisual context on target word recognition

was tested in Experiment 3.

4.0 Experiment 3: Auditory target wordsand visual context

4.1 Materials and methods

4.1.1 Materials

The auditory target and filler materials were tlselation-condition materials of Experiment 2:
participants only heard test items excised outheirtcontexts. The context manipulation in this
experiment entailed whether or not the short angitest fragments were presented together with a

visual orthographic transcript of their sentencetests.

4.1.2 Participants

11
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Twenty-four young adults, all students at the Radbbniversity of Nijmegen, participated in this
experiment. They were 4 men and 20 women, and alenative speakers of Dutch. They had a mean
age of 20 yearsSD=2.6; range 17 to 26). None of them participatedExperiments 1 or 2. Their
hearing acuity in both ears was tested in a sowadpbooth with an Oscilla USB-300 screening
audiometer. Averaged over 1, 2 and 4 kHz, mean-mume threshold in their better ear was 0.8 dB HL
(SD=5.4; range -8 to 12 dB).

4.1.3 Design and Procedure

As in Experiment 2, we rotated context (with orheifit visual presentation of the sentence context)
over the 108 test items on two experimental lid {argets and 62 fillers). As in Experiment 2,
stimuli were blocked by speaker and each speakmkblas preceded by a speaker familiarisation
fragment. Further, before each context conditi@rigipants were presented with a practice speaker
familiarisation fragment and four practice itemgtd used to the task. Of each experimental hisget
variants were made that varied randomly in therardevhich the speaker blocks were presented. This
made six different experimental lists to which fagticipants were randomly assigned.

Participants listened to the short stretches eésp over headphones (Sennheiser HD 215) in
a soundproof booth, with each stretch of speedmghgiesented only once. All speech fragments were
presented diotically. Participants were asked foeae back the speech fragment they heard as
accurately and as fast as possible. Participagpbnses were recorded and scored by the teghatsis
immediately, following the same procedure as indfikpent 2.

All participants were first presented with theuakcontext condition in which they had to
combine the auditory presentation of the targetwite orthographic presentation of its sentence
context displayed on the computer screen. In theHalf of the trials, they were presented with the
auditory targets in isolation (no context providedlhus, as in Experiment 2, participants were first
presented with the context condition, and then withisolation condition. The target word’s context
was presented visually in orthographic form 3000pmsr to auditory presentation of the target. As i
the visual cloze procedure of Experiment 1, thgeword itself was left out of this transcriptiand
was replaced by dots. The orthographic context didgppeared from the screen 2000 ms after target
onset and was therefore visible during presentatighe auditory target. Then, the next trial stdrt

Presentation level of the speech stimuli was kepstant for all participants at a mean of 80
dB SPL.

4.2 Results and Discussion

2 Hearing sensitivity in this group was slightly teetthan in the young adult group of Experiment(26)=3.66,
p<0.001). It is not clear whether this is a true hepsensitivity difference between groups, or wheettis is
due to the use of a different screening audiometer.
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Scoring of the responses was the same as in Exgmtrizn In our scoring procedure, a response to a
reduced stimulus was discarded if it containedeas dr fewer phonemes than the presented target
fragment. This led to the exclusion of 6% of thepanses.

The remaining 1031 observations of Experiment Bvemalysed with a multi-level regression
analysis for binomial data (the dependent varidlgieg whether a response was correct or incorrect)
with participant and word as crossed grouping fact®he factors were Degree of Reduction of the
word token (Low, Medium, or High) and whether ort lbe token was presented with its visual
context. The isolation condition with High degrde-@duction was mapped on the intercept. Relative
to High reduction items, items with Low degree edluiction elicited higher accuracy scorgs(Q.85
(SE=0.27), z=3.19, p<0.01), but there was no significant differencewssn items of High and
Medium reduction. Further, target words were batepgnised when their auditory presentation was
supplemented with a visual presentation of theirtext (3=0.72 SE=0.19),z=3.74,p<0.001). There
was no interaction between Degree of ReductionCGomtext.

The results were also compared to those of ExpatieFigure 3 shows the results of the
visual-context condition of Experiment 3, togetigth the results of Experiment 2 (also presented in
Figure 2). This is done for ease of comparisorhefduditory and visual context conditions. Accuracy
rates are given for the target word tokens in fined context conditions (Experiment 2's isolatiod a
auditory context conditions and Experiment 3's aistontext condition), broken down by the three
degrees of reduction of the targets. Accuracy mspated as the ratio of the correct responsesjvelat

to the sum of the correct and incorrect responses.

## INSERT FIGURE 3 ABOUT HERE ##

The results from Experiments 2 and 3 (from bothtext conditions from both experiments)
were compared with a multi-level regression analysi binomial data. The factors in this analysis
were Degree of Reduction of the word token, whetirenot it was presented in context (Context
Presence), and Experiment (Experiment 2 or 3). Gés-fitting model showed that there was a
significant effect of Context Presence, indicatitthgit words were better recognised when their
contexts were availablgg£2.68 SE=0.27),z=10.09,p<0.001). Relative to High reduction items (on
the intercept), tokens of Low reduction were beitlentified }=1.54 SE=0.25),7=6.06, p<0.001).
Likewise, tokens of Medium reduction were bettegnitified than those of High reductiofi=0.91
(SE=0.26), z=3.45, p<0.001). Further, in the experiment with visual teot (Experiment 3), the
difference between items of High and Low reduciias smaller than in the experiment with auditory
context =-0.66 SE=0.32), z=-2.05, p<0.05), as well as the difference in recognitiorcuaacy
between items of Medium and High reductigir-0.69 SE=0.33), z=-2.09, p<0.05). Furthermore,
recognition accuracy was overall higher in Expernim@ than in Experiment 28€1.00 SE=0.26),
z=3.83, p<0.001). This was particularly due to performanderkences in the isolation condition
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across experiments (see Figure 4). Crucially, tkpeEment by Context Presence interaction was
significant as well £=-1.98 SE=0.32),z=-6.13,p<0.001). We investigated this latter interaction in
more detail by performing separate subset analyssson the trialsvithout context (see Figure 4),

and then on trialaith context (see Figure 3) across the two experiments.

## INSERT FIGURE 4 ABOUT HERE ##

The subset analysis on the isolation-conditioalgracross experiments (in both experiments
the last half of the trials) showed that items ofM_reduction were more accurately identified than
items of High reductionpE1.11 SE=0.23),z=4.92, p<0.001). Perhaps more surprisingly, we also
found that recognition accuracy in Experiment 3 Wigderthan in Experiment 26€0.62 SE=0.19),
z=3.31,p<0.001). One possible explanation for this gengitatter isolation-condition performance in
Experiment 3 may be the slightly better hearingsiitity of the Experiment 3 participants (cf.
section 4.1.2). This explanation seems unlikelyydwer, as we checked that individual differences in
hearing sensitivity (entered as a covariate) didonedict performance in either Experiment 2 or 3.

Alternatively, the better performance may be duth®ofact that participants in Experiment 3
were presented with the reduced tokens excisedfotlieir auditory context throughout the entire
study. Even in the conditiowith visual context (first half of the trials), theylgrheard the isolated
tokens, such that once they were halfway through ekperiment (when the isolation condition
started), they may have become trained in 'analytistening. Furthermore, since the Experiment 3
participants only repeated the targets (withouir thentext) in both context conditions, they mayéa
learned that there was repetition of word formsngmber that the 46 target tokens represented 20
different word types, such that there was repetiobword types across the two context conditions).
We investigated learning by adding Trial numberthis subset analysis of the isolation-condition
trials of Experiments 2 and 3. We expected listererimprove their recognition performance over
trials in both experiments. However, if the Experith3 participants have become trained in analytica
listening before they started with the isolatiomdition trials, they should improve less over sial
than the Experiment 2 participants. The resultthigf analysis (which did not alter the overall tesu
pattern) showed an effect of Trial number, indiogtihat recognition accuracy indeed improved over
trials ($=0.08 SE=0.02),z=3.72,p<0.001). Trial number also interacted with Degrédreduction:
compared to their improvement on Highly reducedngig participants’ performance improved less
over trials for the items of Low reductiofi=-0.10, SE=0.03),z=-3.78, p<0.001). Importantly, the
Experiment 3 participants tended to improve lessr drials than the Experiment 2 participants-(
0.04, SE=0.02),z=-1.78,p=0.07), supporting our ‘training account’ for thetter performance of the
Experiment 3 participants.

The second subset analysis concerned the regulis auditory and visual context conditions
(both presented to participants as the first expeni block). As can be seen in Figure 3, recognmitio
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accuracy was generally lower in Experiment 3's alistontext condition than in Experiment 2's
auditory context conditiongt-1.39 SE=0.40), z=-3.46, p<0.001). This analysis also replicated the
effect of Degree of Reduction: both items of Lowluetion (3=1.37 SE=0.34),z=4.00,p<0.001), and
items of Medium reductiong€1.35 SE=0.39),z=3.43,p<0.001) were better identified than items of
High reduction.

The higher accuracy rates in the auditory thamalicontext condition suggest that the
auditory context information helps identify theger word. The contextual acoustic cues may involve
spreading of features over the target word's neighbg syllables or may be prosodic cues to the
target word's identity. If acoustic information taimed in a target word itself and in its neighbiogr
context is important for target word recognitione tquestion arises which parts of the spectrum are
relevant. We investigated whether decreased se@tsitio high frequencies interferes with
identification of the target words both in and ofitheir auditory contexts. In Experiments 4 andeé
tested auditory recognition of our target wordswiwto groups of "hearing-impaired" listeners.

5.0 Experiment 4: Young adultswith a smulated hearing loss

As mentioned in the Introduction, hearing-impairsdults with decreased sensitivity for the high
frequencies are known to have problems understgnclimversational speech, which suggests that
high frequencies are relevant for the recognitibreduced speech.

Experiment 4 investigated the relative importanéehe high-frequency spectrum for the
recognition of reduced speech. Participants in ¢ljseriment were presented with filtered speech in
which the higher frequencies are particularly atéead.

We did not test actually hearing-impaired youngilesd because of the risk of potential
confounds, such as a somewhat lower education Iaviele group with hearing problems (than our
normal-hearing students of Study 2), or a moretéthivocabulary knowledge or receptive command

of spoken Dutch.

5.1 Materials and methods

5.1.1 Materials

The materials were the same as those used in Exgetri2 (cf. section 3.1.1), but the speech stimuli
were filtered with a low-pass filter. This filteeft frequencies below 1 kHz unaffected and had0a -2
dB/octave dampening above 1 kHz (see filter fumctioFigure 6 in Section &) This filtering was a
simplified approximation or simulation of age-reldthearing loss, and does not mimic the distortion
caused by sensorineural hearing loss. (cf. e.gnéduet al., 1987 and Hargus & Gordon-Salant, 1995

® PRAAT software was usedww.praat.oryy and Paul Boersma is gratefully acknowledged fstielp with the
PRAAT filter script: Filter (formula)... self * ik < 1000 then 1 else (x / 1000) ” - log2 (10) fi
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for noise-masking as a more accurate method tolaieinearing impairment in normal-hearing
listeners). Since we were mainly interested in éffect of attenuation of the high frequencies, we

opted for this simple filtering approach (we wilme back to this in section 6).

5.1.2 Participants

Twenty-four students from the Radboud Universitynidigen, 23 women and 1 man, were paid to
participate in the experiment. They were all nadpeakers of Dutch and their mean age was 21 years
(SD=2.0, range 18 to 27). None of them participate@xperiments 1, 2 or 3. Their mean pure-tone
average (PTA) over 1, 2, and 4 kHz in the bettemess 6.0 dB$D=4.5). There was one student with

a PTA of 25 dB, and one with a PTA of 12 dB, blibéher students had mean PTAs below 7 dB (we
verified that inclusion of these two participants ot significantly lower the group's recognition
performance). Hearing sensitivity in this group dat differ significantly from that in the youngud
group of Experiment 2({46)<1,n.s). Mean hearing thresholds in the better ear digyants in this
group are given in Figure 6. The filter itself Isagraphed in Figure 6.

5.1.3 Procedure

The procedure was the same as in Experiment 2riRidf had brought the mean intensity of the clear
stimuli, equalised at 70.0 dB, to 69.8 dB. As ia firevious experiments, stimuli were presentedat 8
dB SPL.

5.2 Results and discussion

As in Experiment 2, we only analysed responses waknew were either correct or incorrect. In
Figure 5, accuracy rates of these young listendéts simulated hearing impairment are given for the
word tokens in the two context conditions (as stbthe correct responses, relative to the sutheof

correct and incorrect responses), broken down byeaeof reduction.

## INSERT FIGURE 5 ABOUT HERE ##

The results of the young listeners with simulatedring impairment were compared to the
results obtained in Experiment 2 with normal-hegyoung adults. Accuracy results of the two young
adult groups were analysed as in the previous ity Filtering of the stimuli as a between-sulgec
factor). Again, word tokens were identified bettar sentence context than in isolatiof=2.79
(SE=0.41), z=6.88, p<0.001). Overall, the less reduced the target wimkken, the higher the
identification rates: relative to the items of Higdduction, items with Medium degree of reduction
had higher accuracys€1.91 SE=0.28), z=6.79, p<0.001), and so had items with Low degree of
reduction =2.56 SE=0.29),z=8.92,p<0.001). The effect of Filtering was significanthish shows
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that overall performance was better in the group @bt the clear speech signgkl.19 SE=0.27),
z=4.41,p<0.001), relative to the filtered group (on theenaept). The interaction between Context and
Degree of Reduction was now significant, indicatihgt context was more beneficial the more
reduced the word, replicating the findings by EtagsBaayen, and Schreuder (2002). Highly reduced
items and items with medium reduction benefitedaflgdfrom context, but items with a Low degree
of reduction benefited less from contef={2.19 SE=0.43), z=5.07, p<0.001). Most importantly,
there was a three-way interaction between Conieagree of Reduction and Filtering. The young
listeners who got the clear signal benefitedre from context for the words with Medium reduction
(=2.72 SE=1.19),z=2.28,p<0.05), and for the words with Low reductigirR.49 GE=0.82),z=3.04,
p<0.01), than the young participants who listeneth&filtered signal.

This three-way interaction was confirmed in iterbset analyses (testing whether there was a
Filtering by Context interaction for the three dsgg of reduction separately). For the items of Low
and Medium reduction, Filtering and Context showesignificant interaction: for both subsets, the
young adults presented with filtered speech bestbfiess from context than the young adults
presented with the unfiltered signal. For the itemthe High reduction group, two groups of young
adults benefited equally from context. The statétimodel gave a significantly better fit if Contex
was added to the random item part, indicating tbhatext was not equally helpful for all word types
(loglikelihood ratio tes&?(2)=34.374p<0.001).

These results are in line with the hypothesis liigtt-frequency acoustic information plays an
important role in the recognition of reduced speédearly, bottom-up interpretation of the acoustic
signal is affected by attenuation of the high femgies: recognition accuracy in the most difficult
condition (Highly reduced words presented in isofgtdropped from 53% correct in Experiment 2 to
31% correct for the young adults who were presemtitd the filtered speech. Furthermore, these
listeners are generally less able to benefit frofarimation contained in a word's context. Attenorati
of the high frequencies may degrade specific coghd target word, and/or may simply weaken the
contextual semantic/syntactic constraints throwyteled intelligibility of the neighbouring words. |
is surprising, however, that the context benefiéafis equal in size for the participants listenio
the filtered speech and those listening to theltenéid speech for the highly reduced words. We will
come back to this in the General Discussion.

6.0 Experiment 5: Older listenerswith hearing impair ment

In Experiment 4, participants were not used t@fistg to this type of 'muffled’-sounding speech.aAs

consequence, they may not have been able to coatpefios the attenuation of the high frequencies
with acoustic information present in the low fregaies or with semantic information. In Experiment
5, recognition of reduced words by older adultshwiairying degrees of hearing impairment was

tested. Age-related hearing impairment is gradodl@ogressive, such that older adults may develop
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strategies to cope with a more impoverished spségial. Such strategies may involve a stronger
reliance on acoustic information that is not so maffected by age-related hearing loss (such as low
frequency information) and on semantic context t(hiter & Boothroyd, 1990; Pichora-Fuller,
Schneider, & Daneman, 1995). This experiment timasvs whether high-frequency information is as
indispensable for target recognition as suggesydeiperiment 4.

Older adults, however, may differ from young adutismore aspects than their hearing
sensitivity. Age-related hearing problems involvere than loss of sensitivity, such as decreased
temporal and frequency selectivity. The filtering applied to our materials in Experiment 4 does not
mimic the distortion caused by a sensorineuralihgdoss. Such signal-distortion aspects of augitor
aging may be responsible for the finding that, ewdren older adults still have relatively good
hearing, they require a greater amount of word tdiesecorrect identification of carefully pronourtte
words than young adults in a gating procedure (CrE992; Craig, Kim, Rhyner, & Chirillo, 1993).
Further, speech comprehension may be affected byredgted cognitive decline (Jerger, Jerger, &
Pirozzolo, 1991; van Rooij, Plomp, & Orlebeke, 1988n Rooij & Plomp, 1990, 1992; Janse, 2009).
Among older adults, performance on speech pemeptisks has been related to processing speed
(van Rooij, Plomp, & Orlebeke, 1989; Janse, 200@asures of verbal working memory (e.g., Humes
et al., 2006) and executive control (Tun, O'Kane Wingfield, 2002). Given these differences
between young and older adults in auditory proogssand in cognitive performance, equal
recognition performance for the older adults arg ybung adults tested in Experiment 4 may still
indicate that the older adults use compensati@tegfies to arrive at this performance level.

Since age group differences in information processipeed (Salthouse, 1996) or attention
capabilities may be partially responsible for ptis@nperformance differences between the older
adults of Experiment 5 and the young adults of Expents 2 and 4, we investigated how the older
group compared to the young adults in terms of itmgnperformance. Further, among the older
adults, we investigated how individual recognitiperformance and context use relate to individual

listener characteristics, such as hearing acuity,eand measures of cognitive performance.

6.1 Materials and methods

6.1.1 Materials
The materials were the same as those used in BExpatr2 (cf. section 3.1.1).

6.1.2 Participants

Thirty older adults, all native speakers of Dutakere recruited viaddoger Onderwijs voor Ouderen
(‘Higher education for older adults’) at the RadboUniversity of Nijmegen. This organisation
provides academic courses on various topics aeusities in the Netherlands for people over 55 year
of age. People who had subscribed for a coursevesten information letter in which they were

18



O©CoO~NOOUITDAWNPE

asked to participate in the study. Given the acédé&mwel of the courses, the older group was a good
match to the young (student) groups of Experimdnts in terms of education level. The older
participants were 13 men and 17 women, and hadea iege of 72 year$D=5.3; range 61 to 84).

Mean pure-tone thresholds (with standard erros)ofar the older participants' better ear are
given in Figure 6. Averaged over 1, 2 and 4 kHthim better ear, mean pure-tone average of the older
adults was 26.8 dB HLS[D=15; range 5 to 66 dB). Average hearing sensitivitghe older adults
sample was poorer than the hearing loss simulatédel young adults in Experiment 4: the filtering
caused a simulated hearing loss (averaged overahd4 kHz) of 20 dB HL. We will come back to
this difference in hearing sensitivity in the dission of the combined results (section 6.2). Hearin
loss, if present, in this participant group was tiely mainly due to age effects: participants et
encountered hearing problems before the age dfi&@ertheless, on the basis of the audiogram alone,
we cannot rule out that some adults may have enemthsome noise-induced hearing loss earlier in
life or other pathologies affecting their heari@ut of the 30 participants, two had a hearing aid i
one ear, and two had hearing aids in both earselfaur participants were asked to participatdién t
listening study without their hearing aids to sesvhthey performed in an 'unaided' situation. By-
subject analysis of performance showed that trmsedider adults did not behave differently frore th

other older participants.

## INSERT FIGURE 6 ABOUT HERE ##

As mentioned, we included a variant of the Stroofpur naming task in our procedure to
have a measure of cognitive performance. Our cHoicthis task was based on the study by Sommers
and Danielson (1999). These authors investigatesl ittentification of words that varied in
neighbourhood density in young and older adultspdrtantly, they found that older adults'
susceptibility to interference in two Stroop-likesks predicted their ability to identify ‘hard' ey
that is, words with many similar-sounding neighlsoufhe correlation was particularly strong for
'‘hard words' embedded in low-predictability, rattiean high-predictability, sentences. Our speech
materials have relatively weak semantic constrants poor intelligibility, and therefore also prese
a situation with strong lexical competition. UnlilBdmmers and Danielson (1999), who opted for
auditory variants of interference tasks (theiriliition index' was based on a modified versiontaf t
selective attention paradigm by Garner (1974) amduo auditory Stroop paradigm), we investigated
whether a measure of interference obtained in fkeal’ domain would be predictive of speech
perception in our study. If an interference measintained in a non-auditory modality is predictofe
speech perception performance, it is more likelybto related to general cognitive, rather than
auditory, performance.

In our variant of the classic Stroop task (Strdf#35), we measured by means of a voice key

how fast participants named the colour of the regiaiin a neutral condition (the rectangle contdine
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the letter string 'XXXX") and in an incongruent dion in which the coloured rectangle contained an
incongruent colour name (e.g., a blue rectangl¢atoimg the word 'RED' or 'GREEN"). There were
60 observations for every participant in each & two conditions. In the neutral condition, mean
colour naming time for the older adults was 608(8t&=12) and 599 for the young adul8HE-12) in
Experiments 2 and 4. In the incongruent conditinean haming time (of the correct colour) was 719
ms (SE=13) for the older adults and 672 ms for the yoadglts SE=12). Analysis of naming times
showed a significant effect of Congruené&y((,76)=356.3p<0.001), but no effect of Age Group, and
an interaction between Congruency and Age Gréufl(76)=11.43p<0.001). This suggests that the
older adults experienced greater interference tlwerincongruent colour names than the young adults.
We investigated whether differences among theradelts on this interference measure are
associated with their individual ability to understi reduced words out of context or to make efiicie
use of contextual cues. A participant's colour mgngpeed in the neutral condition was considered a
measure of information processing speed. Namingdsjpe the incongruent condition, a measure of
interference, was considered as a predictor as, wetl so was a combined measure of the two
conditions of a participant's performance (namipgesl in incongruent condition divided by this
participant's naming speed in neutral conditionaasormalised measure of interference). Because
these three measures are highly correlated, tlewaete of each of them was tested in separate

models.

6.1.3 Procedure
The procedure was the same as in Experiments 2.aNdte again that all stimuli were presented at
80 dB SPL for all listeners.

6.2 Results and discussion

As in Experiments 2, 3 and 4, we only analysed aeses that we knew were either correct or
incorrect (this led to the exclusion of 5% of tlesponses). In Figure 7, accuracy rates of the older
listeners are given for the target words in the temtext conditions, broken down by degree of
reduction. Figure 8 shows the combined results hef &uditory isolation and auditory context

conditions for the three listener groups of Expernts 2, 4 and 5.

## INSERT FIGURE 7 ABOUT HERE ##
## INSERT FIGURE 8 ABOUT HERE ##

We first compared the results of the older listener those of the young normal-hearing listeners

(Experiment 2). As before, the responses (2358raasens altogether) were analysed with a multi-
level regression analysis for binomial data (theetelent variable being whether a response was
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correct or incorrect) with participant and wordaasssed grouping factors. Factors were Age group,
Degree of Reduction of the word and the Contexttiich it was presented. All three factors showed

significant effects. The significant effects antknactions are given in Table 1.

Table 1. Overview of significant effects and int#i@ans in the different result analyses. The coaodit

mapped on the intercept is the isolation condifmmitems with a High degree of reduction (young

adults).
Effect ‘ B ‘ SE ‘ z | p
Older adults vs. young listeners (Experiment S8xperiment 2)

Context 2.08 | 0.46| 4.50| <0.001
Degree of Reduction (Medium) 0.86 0.28 313 <0.01
Degree of Reduction (Low) 161 0.29 556 <0.001
Participant Group (older adults) -1.82 0.82 -5.690.001
Context x Degree of Reduction (M) -2.63 1.1 -2.380.05
Participant Group x Context x Degree of Reductidedium) | -3.23| 1.17 2.77| <0.01
Participant Group x Context x Degree of Reductioow) -2.56| 0.82] -3.13] <0.01

Older adults vs. young listeners who heard filtespdech (Experiment 5 vs. Experiment 4
Context 285 | 0.37| 7.78| <0.001
Degree of Reduction (Medium) 1.86 0.21 891 <0.001
Degree of Reduction (Low) 284 0.21 13.9 <0.001
Context x Degree of Reduction (Low) -2.(|)8 0.81 8&/7<0.001

Individual differences among the older adults

Context 3.57 | 0.53| 6.79| <0.001
Degree of Reduction (Medium) 1.86 0.28 6.62 <0.001
Degree of Reduction (Low) 295 0.28 1042 <0.001
Context x Degree of Reduction (Low) -1.82 042 134,.3<0.001
Hearing loss -0.04| 0.01] -4.49| <0.001
Residual-effect-of-Age -0.07 | 0.02| -2.95| <0.01
Context x Hearing loss -0.02| 0.01| -2.26] <0.05

Older participants showed poorer identificatiomf@enance than the young normal-hearing
listeners. Furthermore, as in the analysis of EHrpamt 2, words were better recognised in their
(auditory) sentential contexts than in isolationg arelative to items of High reduction, the iteais
Medium reduction and those of Low reduction werdtdsedentified. We again found a significant
interaction between Context and Degree of Reductimportantly, whereas the Context by Age
Group interaction was not significant, the thregrivderaction between Context, Degree of Reduction
and Age Group was. While the two listener groups midt differ in the context effect for highly
reduced words, the context benefit on recognitias smaller for the older adults than for the young

adults for words with Medium reduction and wordsthwiLow reduction. We confirmed our
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interpretation of this three-way interaction by aegpely testing item subsets (breaking items doywn b
the three Degrees of Reduction) for the Age Groy@bntext interaction. For the items of Low and
Medium reduction, Age Group and Context showedjaiitant interaction: for both item subsets, the
older adults benefited less from context than tleing adults (Low reduction itemg=-1.83
(SE=0.82),z=-2.23, p<0.05; and Medium reduction item&=-2.48 SE=1.13), z=-2.20, p<0.05). For
the items in the High reduction group, older adalsl young benefited equally from context. These
subset analyses replicated the pattern we foutiteisomparison of normal-hearing young adults with
the young adults with simulated hearing loss (Expents 2 and 4). As before, the statistical model
gave a significantly better fit if Context was adde the random item part (loglikelihood ratio test
X%(2)=62.154p<0.001).

We then compared the results of the older lisgetethose of the young adults who had been
presented with the filtered speech (Experimentbart from Context and Degree of Reduction, we
also tested whether Age Group had an effect. Theifgiant effects and interactions in this
comparison are also given in Table 1. This modglicated the effects of Context and Degree of
Reduction, and their interaction. As before, thatistical model gave a significantly better fit if
Context was added to the random item part (loghleld ratio test¥?(2)=64.489,p<0.001). There
was no overall effect of Age Group, and Age Groigh bt interact with either of the two factors.
This means that simulation of an age-related hgdoss brought young participants to about the same
performance level as the older participants. Funtloee, the pattern of context use across the difter
degrees of reduction is similar for the two heaiimgaired age groups, as can be seen from Figure 8.

Finally, we also analysed the results of the oldeults separately to investigate whether
individual characteristics, such as hearing lossjld predict performance and context use among the
older adults. Apart from the factors manipulatedthie study (Degree of Reduction and Context),
several other predictors were entered into theistital model of the older listeners' data: the
participant's gender, hearing loss, age, and thesuanes derived from the Stroop task (average neutra
naming speed, average naming speed in the incamgeoadition, and an interference value, being
the ratio of these two). Because age and hearsgydce correlated in this participant group (Pearso
correlation coefficient for this group w&s0.463,p=0.010), we orthogonalised the two predictors by
replacing Age by the residuals of a linear regmssnodel predicting Age as a function of hearing
loss.

As can be seen from Table 1, this model replictitedearlier effects for Context, Degree of
Reduction, and their interaction. In addition, egrloss and the residual-effect-of-Age affected
performance: the more hearing loss, the poorerathvielentification performance, and also the older
the participant, the poorer performance. Imponjar@ontext interacted with hearing loss: the more
hearing loss the participant had, #mallerthe beneficial effect of context.

A participant's average colour naming speed inStreop neutral (XXXX) condition, which
can be taken as a measure of information processdpegd, did not predict performance in the
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identification task, nor did average naming timethie incongruent condition, nor the interference
combination measure. Thus, the overall Age effett performance (cf. also Jerger, Jerger, &
Pirozzolo, 1991; van Rooij, Plomp, & Orlebeke, 1988n Rooij & Plomp, 1990, 1992) may result
from some type of age-related cognitive decling thanot captured by the Stroop task. Measures of
cognitive function other than a measure of inhityitabilities might have been a better choice. Since
wider context is needed to resolve ambiguous wags;related declines in verbal working memory
could turn out to be important (Wingfield, Alexamd& Cavigelli, 1994). These issues remain for
further investigation.

In conclusion, the pattern of results observedtifer older adults was very similar to that
obtained with the young adults with a simulatedrimgaloss. The two "hearing-impaired” groups
showed equally poor recognition of reduced wordss@nted out of context. Moreover, both groups
benefited less from information contained in a Wembntext than normal-hearing adults, except for
the most reduced forms. This effect of poorer mgadn context use is supported by our finding that
among the older participants, those witbrehearing loss benefitddssfrom context.

Interestingly, the difference in context benefétdeen the hearing-impaired and normal-
hearing listeners only manifests itself for the dgwith Low and Medium reduction. We will come
back to this issue in the Discussion.

7.0 Discussion

The aim of this study was twofold. First, we inwgated the role of acoustic properties of reduced
words for word recognition. Second, we investigatieel role of information contained in a word's

context for spoken word recognition, being seméyittactic (top-down) information, as well as

acoustic cues to the target word.

The results of Experiments 2 through 5 speakeditkt issue. Reduced word forms presented
out of context were repeatedly shown to be morécdif to process than less reduced forms: the
degree of reduction of the target word affectedeaiintelligibility in all experiments. Further, éh
comparisons between listener groups of Experim2nts and 5 emphasised the importance of good
hearing in bottom-up processing of the speech forms

Importantly, the results of Experiment 3 showed thexticipants can be trained to recognise
reduced target words excised out of their audicanytext: target recognition accuracy in the isolati
condition was higher in Experiment 3, where papticts listened to isolated reduced words
throughout the experiment, than in Experiment 2e Ybung listeners of Experiment 3 seem to get
more (acoustic) information out of these short rinagts in the second half of the experiment because
they have had more training (which includes infaioraabout which words are likely to occur in the
experiment). This is in line with our finding thtte older adults (Experiment 5) showed similar
performance to the young adults who heard thedittespeech (Experiment 4), despite the fact theat th
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hearing loss simulation in the young adults wasuaderestimation of the older adults' hearing
problems in terms of simulated sensitivity (cf. Uiig 6), and because the filtering did not simulhée
distortion caused by sensorineural hearing losgsé&hresults suggest that older adults might have
outperformed the young adults if the two groups heen accurately matched on hearing abilities. As
suggested by Stelmachowicz et al. (1990), oldettsdoay perform relatively better because they
have learnt to pay more attention to low-frequenégrmation.

The second issue, the role of context informafimnword recognition in conversational
speech, is addressed in several ways in this sixperiment 1, a visual cloze test, showed thattmos
target words from the Ernestus, Baayen, and Schrg@2002) study could not be guessed purely from
their contexts. Experiment 2 replicated the ErresBaayen and Schreuder (2002) finding that
presentation of the target words in their auditopntexts strongly increased target recognition
accuracy (from 53% to 90% for highly reduced words)portantly, Experiment 3, which combined
the auditory presentation of the excised targetdwarith the visual (orthographic) presentation of
their sentence contexts, showed that the contedtsahtain some semantic/syntactic constraints, as
the presentation of visual context also improveditaty target word recognition. These results
demonstrate that the semantic/syntactic cues atiedoyselves of little help, but they can constthi
number of words that fit the acoustic signal. Thealwvconstraints interact with the acoustic propsrti
of the reduced target words to facilitate theirogedtion. The results of Experiment 3 also provided
evidence that the auditory context results in oxpdtiments 2, 4 and 5 are to some extent due to
acousticcues in the context, because presenting the targets in their auditory context boosted
recognition more than presenting them with theintegt in a visual form. In the Introduction we
suggested the possibility that contextual (acoustiormation in a less formal speech style coutd b
more difficult to pick up than in read speech baeauonversational speech can be articulated very
fast. The fact that participants got more inforimatout of the auditory context in Experiment 2 than
out of the visual context in Experiment 3 to faeile target word recognition is all the more insérey
considering that Experiment 3 provided a very cladhographic representation of the target word's
semantic/syntactic context (whereas information ceoming neighbouring words and thus
semantic/syntactic context was transient and lkess @ Experiment 2). The present results theeefor
clearly demonstrate that contextaalousticcues play an important role for spoken word reédgn
in conversational speech.

Further, Experiments 4 and 5 showed that a sulimtgrart of the contextual information is
carried by the high-frequency part of the speegmai Attenuation of high frequencies led to a
reduced context benefit on word recognition. Thauoed context benefit was evidenced by three
findings: 1) compared to the normal-hearing youdgl@, the young adults in whom we simulated a
hearing impairment benefited less from contextth) older participants benefited less from context
than the young normal-hearing adults; and 3) amibregolder listeners, we found that the more
hearing-impaired participants were, the less betledly gained from context. These context findings
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complement the robust finding of older listenensréased reliance @emanticcontext (Nittrouer &
Boothroyd, 1990; Wingfield, Aberdeen, & Stine, 19®1chora-Fuller, Schneider, & Daneman, 1995;
Sommers, & Danielson, 1999; Sheldon, Pichora-Fufleschneider, 2008). In most of these semantic
context studies, standardised Sentence-Perceptibloise materials (SPIN-R) were used in which
the sentence-final word is either highly predictafstbm the preceding semantic context, or has a low
predictability (Kalikow, Stevens, & Elliott, 197Bilger, Neutzel, Rabinowitz, & Rzeczkowski, 1984).
When equated for identification performance in tbe-probability condition (by having different
signal-to-noise ratios), subjects with age-reldtedring loss benefited more from context in thénhig
probability condition than old subjects with nearmal hearing, who in turn benefited more from
context than young (normal-hearing) subjects (Rigteuller, Schneider, & Daneman, 1995). Pichora-
Fuller and colleagues found this "greater contextdfit” pattern over a range of signal-to-noiséerat
and thus over a range of performance levels. Instudy, recognition performance in the isolation
condition was not equated across groups. This alious to investigate which sources of information
are available if the input is exactly the same dbrparticipants. The information contained in our
auditory context fragments, being semantic/syrtaatid acoustic cues, may not be as helpful to
hearing-impaired listeners as strongly biasing s#imacontext. A reduced benefit fromcoustic
context may in fact add to older listeners' inceglseliance orsemanticcontext and top-down
processing.

Interestingly, contextual benefit for normal-hiegrand hearing-impaired listeners was equal
for the Highly reduced words. This first of all denstrates that a smaller context benefit for adults
with hearing impairment for the words with Low aldium reduction should not be attributed to a
floor effect (i.e., overall lower performance onrdest materials). There are at least two possible
explanations for the finding of equal benefit fbwetHighly reduced words. First, Highly reduced
words are articulatorily weak which may imply a lméy degree of coarticulation with neighbouring
words. Thus, Highly reduced words may have moraustto cues in their context than Low/Medium
reduced words. The more acoustic cues to the tafgeimore likely it is that they are picked up by
hearing-impaired listeners. Second, hearing-impdisteners may (unconsciously) refrain from using
acoustic contextual information, unless word idedtion without using acoustic context is almost
impossible. Acoustic cues in neighbouring words rbaysubtle and difficult to interpret, given the
high variability in conversational speech, partacly for hearing-impaired listeners. As a
consequence, hearing-impaired listeners mainlyaasestic context information for recognition of the
difficult Highly reduced words, which they identifgorrectly without context in only 23% (older
adults) or 31% (young adults with simulated heaiimgairment) of the cases. Further research is
required to investigate these two possibilities.

The results of our study, particularly the differeecognition scores of words in auditory
(Experiment 2) and visual (Experiment 3) contestgjgest that acoustic cues in a word's context are
more useful than previously assumed in models okesp word recognition (e.g., McClelland &
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Elman, 1986; Norris, 1994; Norris, McQueen, & Cuyt000; Gaskell & Marslen-Wilson, 1998), and
fits in with the idea that the spreading of acausties over a target word’s neighbouring syllables
makes the speech signal perceptually coherent (lHawR003) and that this perceptual coherence is
the ‘perceptual glue’ of speech (Remez, 2003).sltaliso in line with the 'perceptual grouping
hypothesis' proposed in Dilley and McAuley (200@att"prosodic (i.e., fundamental frequency and
duration) cues distal from the locus of segmentatio lexical access of a word affect the unfolding
process of perceiving prosodic constituents, thergfluencing word segmentation and lexical
recognition in a manner consistent with princippéperceptual organization for non-speech auditory
patterns" (p.296).

A first step towards modelling the role of neaopétic context for spoken-word recognition
was made in papers on place assimilation and delefi segments (e.g., Gaskell & Marslen-Wilson,
1996; 1998; Gaskell, 2003; Gaskell & Snoeren, 200&terer, Yoneyama, & Ernestus, 2008).
Hawkins and Smith (2001), in their POLYSP model (fmlysystemic speech understanding’), focus
on the role of systematic fine phonetic detail tinaty be spread throughout the speech signal and how
it facilitates analysis at all linguistic levelsrailtaneously. This integration of information ov@nger
time scales may not be easily captured in recurnentral networks (Hawkins & Smith, 2001).
However, future models of speech perception caafford to ignore these wider-range bottom-up
acoustic effects.

In conclusion, the current results stress the mapoe of acoustic information in a reduced
word and in its context for recognition, and havevitled some initial data on the importance of the
high-frequency spectrum. Our results also sugdest listeners can be trained to get more out of a
spectrally impoverished speech signal by payingenaitention to information in other parts of the
spectrum. Finally, we have shown that semantic&fitt information contributes to word recognition,

particularly in combination with acoustic informatiin the reduced word.
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FIGURE CAPTIONS

Figure 1. Number of participants (out of 18) thaegsed the target word correctly from its context:
either as the first guess (Figure 1a), or as arthrefe guesses (Figure 1b). The horizontal lintén

lower graph indicates our cut-off criterion.

Figure 2. Results for the young normal-hearingefists: Accuracy rates for the words of varying
degrees of reduction (High, Medium, Low) in the teamtext conditions (in isolation or in sentences).

Figure 3. Results for young normal-hearing listenétecognition accuracy rates for the words of
varying degrees of reduction (High, Medium, Low) time three context conditions (in isolation
(Exp.2), with auditory context (Exp.2), and witlswal context (Exp.3)).

Figure 4. Recognition accuracy rates for the warfdsarying degrees of reduction (High, Medium,

Low) in the isolation context conditions of Expeénts 2 and 3.

Figure 5. Results of young adults with simulatedrirgy impairment: Accuracy rates for the word

tokens of varying degrees of reduction (High, Medlil.ow) in the two context conditions.

Figure 6. Average hearing loss in the better earefbone thresholds in dB HL) for the three listene
groups in Experiments 2, 4 and 5 (error bars repitesne standard error). The low-pass filter fuorcti

for the hearing loss simulation of Experiment 4lso graphed.

Figure 7. Results of the older participants: Accyraates for the words of varying degrees of

reduction (High, Medium, Low) in the two contexinetitions (in isolation or in sentences).

Figure 8. Results of all three listener groups gpé&timents 2, 4 and 5 (young adults, young adults
who were presented with filtered speech, and tlderoadults): Accuracy rates for the words of
varying degrees of reduction (High, Medium, Low)tire two context conditions (in isolation or in

their auditory contexts).
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