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EXPECTATION AND ENTROPY IN SPOKEN WORD
RECOGNITION: EFFECTS OF AGE AND HEARING ACUITY

Amanda Lash
Chad S. Rogers

Amy Zoller
Arthur Wingfield

Department of Psychology and Volen National Center for Complex
Systems, Brandeis University, Waltham, Massachusetts, USA

Background=Study Context: Older adults, especially those with reduced
hearing acuity, can make good use of linguistic context in word
recognition. Less is known about the effects of the weighted distribution
of probable target and nontarget words that fit the sentence context
(response entropy). The present study examined the effects of age, hearing
acuity, linguistic context, and response entropy on spoken word
recognition.

Methods: Participants were 18 older adults with good hearing acuity
(Mage¼ 74.3 years), 18 older adults with mild-to-moderate hearing loss
(Mage¼ 76.1 years), and 18 young adults with age-normal hearing (Mage¼
19.6 years). Participants heard sentence-final words using a word-onset
gating paradigm, in which words were heard with increasing amounts
of onset information until they could be correctly identified. Degrees of
context varied from a neutral context to a high context condition.

Results: Older adults with poor hearing acuity required a greater
amount of word onset information for recognition of words when
heard in a neutral context compared with older adults with good hearing
acuity and young adults. This difference progressively decreased with an
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increase in words’ contextual probability. Unlike the young adults, both
older adult groups’ word recognition thresholds were sensitive to
response entropy. Response entropy was not affected by hearing acuity.

Conclusion: Increasing linguistic context mitigates the negative effect
of age and hearing loss on word recognition. The effect of response
entropy on older adults’ word recognition is discussed in terms of an
age-related inhibition deficit.

Speech rates in everyday conversation average between 140 and 180
words per minute (wpm), and can often exceed 210 wpm, as in the
case of a radio or television newsreader speaking from a prepared
script (Lane & Grosjean, 1973; Miller, Grosjean, & Lomanto, 1984;
Stine, Wingfield, & Myers, 1990). One reason why speech can be
comprehended in spite of such rapid input rates is that words in
fluent discourse can often be recognized before their full acoustic
duration has been completed. This was first formally observed by
Marslen-Wilson (1975), who found that listeners asked to ‘‘shadow’’
recorded speech (i.e., repeating the words aloud as they are being
heard) often corrected without awareness errors in pronunciation
or grammar in the recording before the erroneous word had been
fully completed.

An attempt to explore this process has employed word-onset
gating, a paradigm in which a listener is presented with increasing
amounts of a word’s onset duration until the word can be correctly
identified (Cotton & Grosjean, 1984; Grosjean, 1980, 1985). Using
this paradigm the listener might, for example, hear the first 50 ms
of a recorded word, then the first 100 ms of that word, then the first
150 ms, and so on, until the word can be correctly identified. Studies
of word-onset gating have confirmed that words within a sentence
context can often be recognized within as little as 200 ms of their
onset, or when half, or less than half, of their full acoustic duration
has been heard (Grosjean, 1980; Marslen-Wilson, 1984). Interest-
ingly, words heard even without a linguistic context require on aver-
age only 130 ms more. To put these figures in perspective, 202 ms
represents the mean duration of a word-initial consonant-vowel
cluster in English (Sorensen, Cooper, & Paccia, 1978).

This rapid identification of words even without a constraining
linguistic context is made possible by the dramatic reduction in the
number of possible word candidates that share the same initial
sounds as the target word when the word-onset duration is pro-
gressively increased (Marslen-Wilson & Tyler, 1980; Tyler, 1984;
Wayland, Wingfield, & Goodglass, 1989). This number of lexical pos-
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sibilities is further reduced when word prosody (e.g., syllabic stress) is
taken into account in matching a word onset with potential lexical
candidates (Lindfield, Wingfield, & Goodglass, 1999).

As might be expected, studies of word-onset gating have shown
that the amount of word onset required for correct word iden-
tification is increased when speech quality or signal clarity is poor
(Grosjean, 1985; Nooteboom & Doodeman, 1984). Given these find-
ings, one would expect that (1) an individual with hearing loss, even
in the milder ranges, would require a larger gate size for correct word
recognition relative to a person with normal hearing acuity; and (2)
the negative effect of hearing loss on word recognition would pro-
gressively decrease as the transitional probability of a word within
a linguistic context is incrementally increased.

In contrast to word-onset gating, the predominant paradigm for
the study of spoken word recognition has involved presentation of
an entire word masked by background noise, with the level of the
background noise progressively diminished until the word can be cor-
rectly identified. Such studies have verified that a more favorable
signal-to-noise ratio is required for word recognition by older relative
to younger adults and for those with hearing impairment relative to
those with better hearing. Further, as would be expected, these differ-
ences are reduced when stimulus words are heard within a linguistic
context relative to when the same words are heard in the absence
of any linguistic constraints (e.g., Benichov, Cox, Tun, & Wingfield,
2012; Dubno, Ahlstrom, & Horwitz, 2000; Hutchinson, 1989;
Pichora-Fuller, Schneider, & Daneman, 1995; Sommers & Danielson,
1999).

A critical finding in the Benichov et al. (2012) study, which inclu-
ded participants ranging in age from 19 to 89 years, was that chrono-
logical age contributed significant variance to word-recognition
thresholds even when hearing acuity and measures of cognitive func-
tion were taken into account. This is consistent with a number of stu-
dies using word-onset gating that have shown that older adults, even
those with relatively good hearing acuity, require a larger word-onset
duration for correct word recognition than do young adults (Craig,
1992; Craig, Kim, Rhyner, & Chirillo, 1993; Elliott, Hammer, &
Evan, 1987; Perry & Wingfield, 1994; Wingfield, Aberdeen, & Stine,
1991). To the extent that correct word identification requires the inhi-
bition of lexical possibilities that no longer match the input (i.e., as
onset duration or signal-to-noise ratios are increased), this age-
related deficit would be consistent with an argument that lexical
discrimination is hampered by an inhibitory deficit in older adults
(Hasher & Zacks, 1988; Sommers & Danielson, 1999). This latter
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point motivated us to examine the effects of response competition on
ease of word recognition by older adults with good and poor hearing
acuity. Such competition can arise from the number of words that
share phonology with a target word (e.g., Sommers, 1996; Tyler,
1984; Wayland et al., 1989). Our interests are in the effects of word
recognition on the likelihood of encountering a target word in a parti-
cular semantic context and the potential competition from the distri-
bution of lexical alternatives that may also fit this context.

Target Expectancy Versus Response Entropy

It is a well-established principle of perception that the more probable
a stimulus, the less sensory information will be needed for its correct
identification (Howes, 1954; Morton, 1969). Numerous studies, such
as those previously cited, have demonstrated this principle in young
and older adults, with an artificially or naturally degraded stimulus
word, when a preceding linguistic context has been used to mani-
pulate the expectancy of the target word. For example, hearing the
sentence ‘‘He wondered if the storm had done much . . . ’’ will lead
one to expect a highly probable word, such as damage. This can be
compared with the less constraining sentence ‘‘He was soothed by
the gentle . . . ,’’ which would have a greater degree of response uncer-
tainty. When a large sample of adults was asked to complete the first
sentence with a likely ending, 97% of respondents gave damage. The
most frequent response to the second example was music, but given
by only 23% of respondents (Bloom & Fischler, 1980; see also Block
& Baldwin, 2010; Lahar, Tun, & Wingfield, 2004). Based on such
norms, it can be shown that the amount of word onset duration
(Wingfield et al., 1991) or signal-to noise ratio (Benichov et al.,
2012) necessary for the correct recognition of sentence-final words
is inversely proportional to their expectancy based on their preceding
linguistic context.

A feature of the Bloom and Fischler (1980) norms is that, in addition
to listing the dominant sentence completion responses, the norms also
list the full range of alternative responses that were given, along with
the percentage of respondents giving these responses. In the first
example above, the sentence-final word harm was also given, although
by very few respondents. By contrast, the second example produced
over 12 different responses, with varying degrees of popularity. These
data allow one to know not only the transitional probability of a target
word in a sentence context, but also the uncertainty implied by the
number and probability distribution of alternative possibilities drawn
from various respondents’ sentence completions. We refer to the
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former as target expectancy and the uncertainty determined by the
number and strength of potential responses as response entropy (cf.
Shannon & Weaver, 1949; Treisman, 1965; van Rooij & Plomp,
1991). Maximum entropy occurs within a given situation when all
possible responses are equally likely. When some possibilities are
more predictable than the others, entropy is reduced.

In the present experiment, we tested three groups of participants.
The first was a group of older adults with a mild-to-moderate hearing
loss. This degree of loss is of special interest because it represents the
most common category of loss among hearing impaired older adults
(Morrell, Gordon-Salant, Pearson, Brant, & Fozard, 1996). The
second group was composed of older adults who were matched for
age, vocabulary knowledge, and years of formal education with the
first group, but who had retained good hearing acuity for their age.
A final group consisted of young adults with age-normal hearing.
The task was the previously described gating paradigm, in which
a word is heard in a series of presentations, each time with an inc-
reasing amount of word onset duration, until it can be correctly
identified.

Extrapolating from data obtained when signal-to-noise ratio is
used as a measure of ease of word recognition (e.g., Benichov et al.,
2012), one would expect that older adults, and older adults with hear-
ing loss, would require a larger word onset duration to identify a spo-
ken word in the absence of a constraining linguistic context relative to
young adults with age-normal hearing. One would also expect this
difference to be reduced, or potentially eliminated, by presenting
the target word as the sentence-final word in a constraining linguistic
context (cf. Benichov et al., 2012; Dubno et al., 2000; Pichora-Fuller
et al., 1995; Wingfield et al., 1991). Our primary question in this
study, however, is the extent to which response entropy, calculated
as the number of potential competitors and the uniformity of their
probability distributions (Shannon, 1948), may affect the onset dur-
ation needed to correctly identify a target word.

To the extent that older adults have a special difficulty in suppres-
sing interference from potential competitors, as a reflection of a
more general inhibitory deficit (Hasher & Zacks, 1988; Sommers &
Danielson, 1999), one would expect to see a greater negative effect
of response entropy on word recognition for older adults relative to
the younger adult group. Following the same logic, however, there
would be no reason, a priori, to expect older adults with poor hear-
ing, relative to age-matched older adults with better hearing, to suffer
a greater negative effect on word recognition due to the word’s
presence in a semantic environment with high response entropy.
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By contrast, target expectancy (but not response entropy) would be
expected to have a differentially greater impact on word recognition
for those with poor hearing than those with good acuity, relative to
each group’s recognition baseline for words heard in a neutral, non-
constraining context.

METHODS

Participants

Participants were 36 older adults, 18 (13 females, 5 males) with good
hearing acuity, and 18 (9 females, 9 males) with a mild-to-moderate
hearing loss. Audiometric assessment was conducted using a GSI
61 clinical audiometer (Grason-Stadler, Madison, WI) using standard
audiometric techniques in a sound attenuating testing room.

The good-hearing group had a mean better-ear pure tone average
(PTA) of 20.3 dB hearing level (HL) (SD¼ 6.2) averaged over 1000,
2000 and 4000Hz, a frequency range known to be important for
the perception of speech (Humes, 1996). Their mean speech recog-
nition threshold (SRT) using recorded Central Institute for the Deaf
(CID) W-1 spondee words (Auditec, St. Louis, MO) was 18.8 dB HL
(SD¼ 3.2). Although above the level for young adults with
age-normal hearing acuity, these values lie within a range typically
considered to be clinically normal for speech (viz., PTA <25 dB
HL; Katz, 2002). The participants in the hearing-loss group had a
mean better-ear PTA of 38.9 dB HL (SD¼ 6.9) and mean SRT of
38.3 dB HL (SD¼ 9.1), placing them in a mild-to-moderate
hearing-loss range (Katz, 2002). Fifteen of the 18 good-hearing older
adults and 13 of the 18 poor-hearing adults had symmetrical hearing
defined as an interaural difference of less than or equal to 15 dB HL
(Korsten-Meijer, Wit, & Albers, 2006). The remaining older good-
and poor-hearing participants had interaural asymmetries less than
or equal to 20 dB HL. None of the participants in the hearing-loss
group were regular users of hearing aids (Kochkin, 1999).

The good- and poor-hearing older adults were similar in age
(good-hearing, M¼ 74.3 years, SD¼ 5.2; poor-hearing, M¼ 76.1
years, SD¼ 5.0; t(34)¼ 1.05, n.s.), years of formal education (good-
hearing, M¼ 16.2 years, SD¼ 1.6; poor-hearing, M¼ 17.3 years,
SD¼ 2.0; t(34)¼ 1.87, n.s.), and verbal ability, as estimated by
Shipley vocabulary scores (Zachary, 1986) (good-hearing, M¼ 16.2,
SD¼ 2.7; poor-hearing, M¼ 17.3, SD¼ 2.1; t(34)¼ 1.30, n.s.). All
participants reported themselves to be in good health, with no history

240 A. Lash et al.

D
ow

nl
oa

de
d 

by
 [

B
ra

nd
ei

s 
U

ni
ve

rs
ity

],
 [

A
rt

hu
r 

W
in

gf
ie

ld
] 

at
 0

8:
25

 2
4 

A
pr

il 
20

13
 



of stroke, Parkinson’s disease, or other neuropathology that might
compromise their ability to carry out the experimental task.

For purposes of comparison, we also included a group of 18 young
adults (13 females, 5 males; Mage¼ 19.6 years, SD¼ 1.2), all of whom
had age-normal hearing, as measured by PTA (M¼ 5.7 dB HL,
SD¼ 2.8) and SRT (M¼ 7.1 dB HL, SD¼ 4.3). At time of testing,
the young adults had completed fewer years of formal education
(M¼ 13.5 years, SD¼ 1.0) than either the good-hearing, t(34)¼
6.19, p< .001, or poor-hearing, t(34)¼ 7.38, p< .001, older adults.
As is common (e.g., Verhaeghen, 2003), the young adults had
somewhat lower vocabulary scores (M¼ 14.3, SD¼ 1.7) than either
the good-hearing, t(34)¼ 2.59, p< .05, or poor-hearing, t(34)¼
4.65, p< .001, older adults. All participants in the three groups were
native speakers of American English.

Stimulus Materials

The stimuli, taken from Bloom and Fischler’s (1980) norms, consisted
of 20 one- and two-syllable words. Each word was recorded as the
final word in three different sentence contexts that varied in the
degree to which they would affect a listener’s expectation for hearing
the target word.

These expectancies were based on the responses of 100 young
adults who were given sentence frames that had the final word miss-
ing. The instructions were to give a single word that would complete
each sentence with a likely ending. This procedure produces so-called
‘‘cloze’’ (Taylor, 1953) norms presumed to reflect the combined influ-
ence of the syntactic and semantic constraints imposed by the sen-
tence contexts (e.g., Treisman, 1965). The Bloom and Fischler
(1980) norms list the full range of responses given by their parti-
cipants for each sentence frame, and the frequency (probability) with
which each of these responses was given. These are given for all
responses with a probability greater than .01. Although based on
responses by young adults, these norms have been shown to be pre-
dictive of word selection by children (Stanovich, Nathan, West, &
Vala-Rossi, 1985), university undergraduates (Block & Baldwin,
2010), and young, middle-aged, and older adults in the United States
and Canada (Lahar et al., 2004).

Based on the above-cited cloze values, the sentence and target-
word sets chosen for the study ranged from a low cloze probability
of .02 to a high of .85. Stimuli were selected such that each target
word could be heard in one of three categories of target expectancy:
low expectancy (probability range: .02 to .05; M¼ .03), medium
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expectancy (probability range: .09 to .21, M¼ .13), or high expect-
ancy (probability range: .23 to .85, M¼ .52). There was also a neutral
context condition, in which the target word was preceded by the car-
rier phrase ‘‘The word is . . ..’’ Target words were 16 one-syllable and
4 two-syllable common nouns and adjectives with high frequencies of
occurrence in English; mean log-transformed Hyperspace Analogue
to Language (HAL) frequencies ranged from 9.31 to 13.58 (Balota,
et al., 2007; Lund & Burgess, 1996).

The sentences, neutral carrier phrases, and target words were spoken
by a female speaker of American English at a natural speaking rate,
and recorded onto computer sound files using SoundEdit software
(Macromedia, San Francisco, CA) that digitized at a sampling rate
of 22kHz. In order to ensure that recognition thresholds would be
affected only by the linguistic context, and not by accidental differences
in the way the target word was spoken, a single recording of each target
word was recorded and inserted via speech editing into the sentence-
final position of each of its three sentence contexts and the neutral car-
rier phrase. The sentence-final words were spliced on to the ends of the
sentences and neutral carrier phrases without an artificial pause so as to
sound like a natural continuation of the sentence. Stimuli were equated
for root mean square amplitude across conditions.

Procedure

Each participant heard each of the 20 words in only one of its four
context conditions (neutral, low, medium, high context). Sentences
and target words were counterbalanced across participants such that,
by the end of the experiment, each target word had been heard an
equal number of times in each of its sentence contexts.

Each target word plus sentence frame was presented in a series of
successive presentations, with the gate size of the target word
increased in 50-ms increments until the target word was correctly
identified. The recognition threshold was defined as the gate size
(in ms) at which the participant first gave the correct response.
Stimuli were presented binaurally over Eartone 3A (E-A-R Auditory
Systems; Aero Company, Indianapolis, IN) insert earphones via a
Grason Stadler GS-61 clinical audiometer at 25 dB above each indi-
vidual’s SRT for his or her better ear (25 dB sensation level [SL]).
The mean duration of the recorded target words was 605.3 ms, repre-
senting an average of 12.6 50-ms gates for full word inclusion. One
word, ‘‘good,’’ was removed from analysis in all its context
conditions because it was inadvertently uttered as encouragement
on several occasions during the course of the experiment.
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RESULTS

Target Expectancy and Recognition Thresholds

Figure 1 shows the mean gate size (ms) needed by the three partici-
pant groups for correct recognition of target words when heard with
a nonconstraining neutral context (‘‘The word is . . . ’’) and when
heard with low, medium, and high contextual constraints. Mean cloze
probabilities for the low, medium, and high contextual constraints
are plotted on a logarithmic scale.

As would be expected from prior work using word-onset
gating (Wingfield et al., 1991) and presentation of words in back-
ground noise (Benichov et al., 2012), recognition scores decrease

Figure 1. Mean gate size required for correct word recognition when a

word was heard with a neutral context or with low, medium, or high degrees

of contextual constraint based on prior linguistic context. Numbers on the

abscissa are mean cloze values for target words. Error bars represent standard

errors for the mean.
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progressively with increasing degrees of contextual constraint on a
log-linear scale for all three participant groups. This appearance
was confirmed by a 4 (context: neutral, low, medium, high)� 3
(group: poor-hearing older adults, good-hearing older adults, good-
hearing young adults) mixed-design analysis of variance (ANOVA),
with context as a within-participants variable and group a between-
participants variable. A Greenhouse-Geisser adjustment to degrees
of freedom was used when Mauchly’s test for sphericity was found
to be significant. The progressive reduction in the mean gate size
needed for word identification with increasing context as seen in
Figure 1 was confirmed by a significant main effect of context,
F(2.04, 104.14)¼ 251.13, p< .001, g2p ¼ :83. There was also a signifi-
cant main effect of participant group, F(2, 51)¼ 19.99, p< .001,
g2p ¼ :44, and a significant Context�Group interaction, F(4.08,
104.14)¼ 4.36, p< .01, g2p ¼ :15.

The source of this two-way interaction was due primarily to the
differences in recognition thresholds for the three participant groups
in the neutral context condition. As can be seen on the left side of
Figure 1, the older adults with poor hearing acuity required a signifi-
cantly greater amount of word onset for correct word recognition
than did the older adults with better hearing acuity, t(34)¼ 2.28,
p< .05. As also might be expected, the young adults with age-normal
hearing required significantly fewer gates for correct recognition
than did either the older adults with good hearing acuity, t(34)¼
4.22, p< .001, or poor hearing acuity, t(34)¼ 6.67, p< .001. A 3
(context)� 3 (group) ANOVA conducted on the data for the low,
medium, and high context conditions, with the neutral context con-
dition excluded, confirmed main effects of context, F(1.46, 74.45)¼
89.48, p< .001, g2p ¼ :64, and participant group, F(2, 51)¼ 10.35,
p< .001, g2p ¼ :29, but no Context�Group interaction, F(2.92,
74.45)¼ 1.06, n.s.

Effects of Response Entropy

Response entropy was calculated for each of the target words in each
of the three context conditions (low, medium, and high context), with
entropy (H) calculated as the total number of different responses
given in the Bloom and Fischler (1980) norms and the probability dis-
tribution of the responses. This is shown in the following equation:

H ¼ �
Xn

i¼1

p xið Þ logb p xið Þ
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where x is a response, for which there are n possible responses (x1,
x2, . . . , xn). For each xi, there is a probability p that xi will occur.
The subscript b represents the base of the logarithm used, where we
use the base 2 in keeping with the traditional measurement of statisti-
cal information represented in bits (Shannon, 1948). For example,
given the stem ‘‘Bob would often sleep during his lunch . . . ,’’ Bloom
and Fischler (1980) report that participants gave the responses
‘‘hour,’’ ‘‘break,’’ and ‘‘period’’ with probabilities of .54, .41, and
.05, respectively. Applying the above equation, we find this sentence
has a response entropy of 1.22 bits, calculated as H (in bits)¼�[(0.54
log2 0.54) þ (0.41 log2 0.41) þ (0.05 log2 0.05)]. This can be compared
with a higher entropy situation where the distribution of probabilities
is more uniform, such as ‘‘My aunt likes to read the daily . . . ,’’ where
‘‘paper,’’ ‘‘newspaper,’’ and ‘‘news’’ were produced with probabilities
of .47, .31, and .22, respectively, which yields an entropy of 1.52 bits.

The upper part of Table 1 shows two Pearson product-moment
zero-order correlations (r) for each of the three participant groups.
The first row shows the correlations between recognition thresholds
(a; the mean gate sizes required for correct recognition) and the prob-
ability of the target word based on the Bloom and Fischler (1980)
norms (b; target expectancy). As would be inferred from the data
shown in Figure 1, this correlation was significant for all three par-
ticipant groups. The direction of the correlations for all three groups
is negative, reflecting an increase in target expectancy being associa-
ted with a decrease in the gate sizes necessary for correct recognition.

The second row in the upper part of Table 1 shows the zero-order
correlations between recognition thresholds and calculated response
entropy (c), where the two older adult groups show a significant
positive correlation, reflecting an increase in the gate sizes needed

Table 1. Zero-order and partial correlations for recognition
thresholds (a), target expectancy (b), and response entropy (c)

Predictive factors Young adults

Older adults

Good acuity Poor acuity

Zero-order correlations (r)

ab �.41�� �.53��� �.42���

ac .23 .47��� .35��

Partial correlations (r)

ab � c �.37�� �.46��� �.35��

ac � b .13 .39�� .27�

Note. �p< .05; ��p< .01; ���p< .001.
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for correct recognition being associated with an increase in response
entropy. Unlike the results for target expectancy, in this case only the
older adults show a significant correlation; the young adults do not.

Because target expectancy and response entropy will generally be
interrelated, as was true for these data, r(55)¼�.29, p< .05, a series
of partial correlations were calculated in order to confirm the above
pattern of zero-order correlations when this mutual relationship is
removed (Bruning & Kintz, 1977). The partial correlations shown
in the upper row of the lower portion of Table 1 confirm that the
relationship between recognition thresholds (a) and target expectancy
(b) remains significant for all three participant groups when the
relationship between target expectancy and response entropy (c) is
held constant (ab � c). Similarly, the correlations in the lower row
between recognition thresholds (a) and response entropy (c) for the
two older adult groups remain significant when the relationship
between target expectancy is partialed out (ac � b). As was seen with
the zero-order correlations, the young adults do not show this same
relationship between recognition thresholds and response entropy.

DISCUSSION

Sentence-final completion norms, such as those developed by Bloom
and Fischler (1980), have served a valuable function for examining
the facilitating effects of target expectancy on word recognition in a
range of participant populations for both spoken and written stimuli
(cf. Benichov et al., 2012; Morton, 1964,1969; Nebes, Boller, &
Holland, 1986; Perry & Wingfield, 1994; Wingfield et al., 1991). This
build-up of expectancy determined by a sentence context is presumed
to occur rapidly and contemporaneously even as the words of the sen-
tence are arriving at a normally rapid speech rate. Support for this
position can be seen in latencies to word corrections in shadowing
studies (Marslen-Wilson, 1975), latencies in cross-modal lexical prim-
ing (Marslen-Wilson & Zwitserlood, 1989), and an increase in the
amplitude of the N400 event-related potential (ERP) recorded from
scalp electrodes when a sentence-final word is heard that violates con-
textually determined expectations based on cloze norms (Block &
Baldwin, 2010).

The microstructure of the facilitative effects of linguistic context on
word recognition has remained an issue for research, with two posi-
tions dominating the literature. The first is that a linguistic context
increases the level of activation of words in the mental lexicon that
fit that context, but importantly, that this activation (or priming)
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occurs before the target word has been presented (e.g., Morton, 1964,
1969). An alternative model assumes that when the initial phoneme is
heard, all words beginning with that sound (the word-initial cohort)
are activated, with the constraining effects of linguistic context com-
ing into play only after this initial phonological cohort has been acti-
vated (e.g., Marslen-Wilson & Zwitserlood, 1989). At issue is not
whether a linguistic context facilitates recognition, but where in the
time course of the context-phonology sequence the effect of context
comes into play. Of special note in our present data is the finding that
even a low level of linguistic constraint yields a significant reduction
in the mean gate size needed for correct word recognition relative to
words heard in a neutral context. This beneficial effect of even a small
degree of linguistic context is not unique to the gating paradigm,
but appears also for spoken words presented in background noise
(Benichov et al., 2012) and in a measure of tachistoscopic duration
thresholds for written words (Morton, 1964). This would not be
revealed in studies that simply contrast words heard in a neutral con-
text with words heard in a high-constraint sentence context (Dubno
et al., 2000; Grant & Seitz, 2000; Pichora-Fuller et al., 1995).

Ease of recognition of individual words is known to be affected by
features such as the relative frequency of occurrence of the word in
the language (Grosjean, 1980), as well as the number of words that
share overall phonology with the target word (the word’s ‘‘neighbor-
hood density’’). This latter factor is embodied in the influential neigh-
borhood activation model (NAM) of word recognition (Luce &
Pisoni, 1998). A variation on this model, a so-called onset-cohort
model, gives special weight to the discriminative value of word onsets
(Marslen-Wilson, 1984; Tyler, 1984). It is the case that word onsets
are especially effective in ‘‘triggering’’ an elusive word when word-
finding fails in both normal aging and dementia (Nicholas, Barth,
Obler, Au, & Albert, 1997), as well as in patients with aphasia conse-
quent to focal brain damage (Goodglass et al., 1997; Wingfield,
Goodglass, & Smith, 1990).

Gating studies with normal-hearing young adults have affirmed
that the identity of a word can be more readily established from hear-
ing the onset phonology of a word than phonology from a noninitial
position. It has been argued that this advantage is due to the greater
ease of alignment of a heard fragment with possible word candidates
as the perceptual system attempts to match a stimulus input with
stored sound forms in the mental lexicon (cf. Nooteboom & van
der Vlugt, 1988; Wingfield, Goodglass, & Lindfield, 1997). Neither
the neighborhood density nor the onset-cohort models of word recog-
nition has emphasized a role for word prosody in narrowing the
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number of potential word candidates (cf. Luce, 1986; Luce, Pisoni, &
Goldinger, 1990; Marslen-Wilson & Tyler, 1980; Marslen-Wilson &
Zwitserlood, 1989). It can be shown, however, that recognition per-
formance gains significant benefit from the presence of information
about syllabic stress that is often contained in word onsets (Lindfield
et al., 1999). Further, this ability is similar for both young and older
adults, and especially so when one takes into account differences in
hearing sensitivity that can affect the extraction of complex acoustic
information in word onsets that can sometimes signal the syllabic
stress pattern of the entire word (Wingfield, Lindfield, & Goodglass,
2000).

Studies of lexical decisions primed by different portions of word
phonology have supported a word-onset priority (Marslen-Wilson
& Zwitserlood, 1989), as have studies using eye-tracking while lis-
tening to spoken instructions, with these latter studies finding this
pattern to hold across age groups (Ben-David et al., 2011). Other stu-
dies have supported overall goodness-of-fit models (Connine, Blasko,
& Titone, 1993; Slowiaczek, Nusbaum, & Pisoni, 1987). We cannot
adjudicate between these two models with these present data, as both
models accommodate the finding that word recognition in connected
speech reflects an interaction between bottom-up information, repre-
sented by the sensory input, and top-down information based on
linguistic knowledge, with the latter taking on greater importance
when the sensory information is weak (Rönnberg, Rudner, & Lunner,
2011). This compensatory influence of top-down input was seen in
the way in which the negative effect of hearing loss on recognition
of words preceded only by a neutral carrier phrase was mitigated
when the same words were heard preceded by a linguistic context.

As distinct from most studies that have examined effects of the
expectancy of a target word on word identification, in the present
study we considered also potential interference from the numbers
and probability strengths of the range of lexical alternatives, along
with the target word, that also fit the semantic context introduced
by the stimulus sentence. Following Shannon and Weaver (1949),
we have referred to this as response entropy.

We did not, in this experiment, have an independent measure of
inhibition, although the case for an inhibition deficit in older adults
is a strong one that appears in a number of domains, to include,
but not limited to, word recognition (cf. Hasher & Zacks, 1988;
Lindfield, Wingfield, & Bowles, 1994; Sommers, 1996; Sommers &
Danielson, 1999; Zacks, Hasher, & Li, 1999). Our examination of
the influence of response entropy on word recognition can be seen
as consistent with the notion of an age-related inhibition deficit. This
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was observed in the finding that word recognition in the presence of
high response entropy had a stronger negative influence on the older
adults’ recognition thresholds than was seen for the young adults.
That both good- and poor-hearing older adults showed a significant
positive relationship between their recognition thresholds and
response entropy, whereas the young adults with normal hearing
acuity did not, suggests in turn that the entropy effect was dependent
on age, rather than hearing acuity. Our findings are in line with those
of Rogers, Jacoby, and Sommers (2012), who found a robust age-
related pattern of contextual reliance that led to false hearing after
controlling for hearing acuity.

Our results differ from those obtained by Stine and Wingfield
(1994), who found no age effects in relative susceptibility to response
competition while using procedures similar to those used in this
study. In that study, competition was manipulated by the presence
of a single competitor that was strongly or weakly predictable from
a sentence context. We attribute this discrepancy in results to our
choice of metric. Entropy is driven not by a single competitor, but
rather by the number of competitors and the uniformity of their
probability distributions; the presence of a single highly predict-
able competitor could, in some cases, reduce entropy. It can be
argued that the entropy measure used in this present paper better
captures the totality of semantic uncertainty than a single competi-
tor, and was thus more sensitive to the effect of adult aging as
reported here.
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