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ABSTRACT

In order to gain insight into the combined effects of talker, item,
and listener related factors, we examined word recognition in two
“special populations” using stimuli that were well controlled in
terms of inherent lexical difficulty.  Experiment 1 investigated
recognition of English words by non-native listeners under
conditions known to affect native listener word recognition.
Experiment 2 investigated the effects of age on phoneme
discrimination and word recognition by comparing performance
across normal-hearing younger and older adults.  Taken together,
results from these experiments demonstrated how signal-
dependent and signal-independent sources of variability combine
during spoken language processing.  Specifically, we found that
the effect of talker variability across items in a list – a signal-
dependent factor - was equivalent across native and non-native
listeners, and across younger and older listeners.  In contrast,
lexical discriminability – a signal-independent factor - exerted a
particularly strong effect on spoken word recognition for non-
native and elderly listeners.

1.  INTRODUCTION
Overall speech intelligibility is subject to a wide range of talker-,
utterance-, and listener-specific characteristics, all of which vary
across communicative situations.  For example, talkers have been
shown to vary their speech along a continuum of hyper- and
hypo-speech, using hyper-articulation to assist the listener under
difficult listening conditions and hypo-articulation when the
talker believes that less articulatory precision can be tolerated by
the listener [1].  Utterance-specific characteristics have been
demonstrated by studies showing that certain words have an
intelligibility advantage over other words.  This item-inherent
intelligibility has been formalized in the Neighborhood
Activation Model of Spoken Word Recognition [2, 3] which has
received empirical support from studies with various tasks and
stimulus materials.  Finally, listener-related factors affecting
speech intelligibility have been demonstrated most clearly in
studies with listeners from different language backgrounds [e.g.
4], and in studies showing listener-talker adaptation [e.g. 5, 6].

In order to gain insight into the combined effects of some of
the talker-, item-, and listener-related factors that affect speech
perception, we examined spoken word recognition in two
“special populations” using word-length stimulus materials that
were well controlled in terms of their inherent lexical difficulty.
The general rationale behind this study was that by examining
speech perception under various conditions in a variety of special
populations where specific abilities are either compromised or

enhanced, we can gain a deeper understanding of the ways in
which signal-dependent and signal-independent characteristics
combine to affect spoken language processing.

2.  EXPERIMENT 1
The first experiment investigated recognition of English words
by non-native listeners under conditions known to affect word
recognition by native listeners.  Due to a mismatch between the
first and second language phoneme inventories, non-native
listeners’ abilities to perceive some English phonemic contrasts is
compromised.  Thus, by investigating word recognition by non-
native listeners we could examine the effect of this perceptual
“deficit” at the segmental level on whole word recognition.
Furthermore, by incorporating a high degree of talker and lexical
variability into the stimulus set, we could observe the combined
effects of various sources of variability on word intelligibility.

2.1.  Method
2.1.1.  Subjects.  Two groups of subjects participated in this
experiment.  The experimental group, included 20 non-native
listeners of English (8 males, 12 females).  They ranged in age
from 21 to 33 years, and had studied English for 2 to 18 years.
They came from diverse language backgrounds.  The control
group, included 20 native English listeners (6 males, 14 females),
ranging in age from 20 to 42 years.  All subjects were paid for
their participation, and had no known speech or hearing deficits
at the time of testing.

2.1.2.  Stimuli and task.  Two separate lists of words were
compiled using stimuli from a database of words spoken by ten
native speakers of Standard American English [7].  The stimuli in
this database were divided into two lexical categories based on
criteria laid out in the Neighborhood Activation Model of
Spoken Word Recognition [2, 3].  According to this model,
“hard” words have many similar sounding “neighbors” with
which they can be confused, whereas “easy” words are
phonetically distinctive in the language.  In terms of their
recognition, hard words require a high degree of fine-grained
discrimination at the segmental level in order to distinguish them
from their numerous similar sounding neighbors.  In contrast,
easy word recognition can tolerate a relatively high degree of
articulatory or perceptual imprecision at the segmental level.

For this experiment, the first list of words consisted of 78
items produced by a single female talker.  Within this “single-
talker” list, half of the words were easy and half of the words
were hard.  The second list consisted of 72 items, 36 easy and 36
hard words.  The items in this “multiple talker” list were
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produced by 9 talkers, 4 females and 5 males, with each talker
producing 4 of the easy words and 4 of the hard words.

The single- and multiple-talker lists were presented to the
listeners binaurally over headphones at a comfortable level.  The
order of list presentation (single-talker versus multiple-talker)
was counter-balanced across listeners.  Within each list, the
words were presented in random order and the listeners were
instructed to type the word they heard into the keyboard.  Each
word was presented only once with no possibility of repetition.
The experiment was self-paced, allowing the listeners to correct
errors or make best guesses when entering their responses.

In order to control for familiarity with the items, subjects
also performed a word familiarity rating task in which they rated
their familiarity with the words on a seven point scale.  A
response of 7 indicated a high degree of familiarity with the
word, and a response of 1 indicated that the subject was
unfamiliar with the word.  In the analysis of the word recognition
data only words receiving a rating of 6.25 were included.  Thus,
any intelligibility difference that we observed across words (easy
vs. hard), across conditions (single vs. multiple talkers), or across
groups (native vs. non-native) was due to item-, talker-, or
listener-related factors without the confounding factor of
familiarity with the word.

2.2.  Results.
Figure 1 shows word recognition accuracy difference scores for
both groups of subjects for the easy and hard words in the single
and multiple talker conditions.  In all cases the difference scores
were above zero, demonstrating an intelligibility advantage for
both subject groups in the single talker condition relative to the
multiple talker condition, and for easy words relative to hard
words.  The magnitude of the single talker intelligibility
advantage was equivalent (approximately 7%) across listener
groups, indicating that the ability to take advantage of consistent
talker information is a skill that transfers easily from first to
second language perception.  However, the magnitude of the
easy-hard intelligibility difference was much greater for the non-
native subjects (approximately 25%) than for the native subjects
(approximately 4%).  Furthermore, the sources of this interaction
appeared to be due to the non-native listeners having particular
difficulty with the hard words: the native - non-native differences
for easy and hard words were approximately 16% and 36%,
respectively.  This finding suggests that non-native listeners have
particular difficulty when fine-grained acoustic-phonetic
discrimination at the segmental level is required by the task, as in
the case of hard words 1.

2.3.  Discussion.
The findings from this experiment demonstrated that talker
variability across items in a list affected first and second language
listeners to a similar extent.  In contrast, item-specific lexical
discriminability interacted with listener-specific language
background in determining overall word recognition accuracy.
That is, the non-native listener perceptual “impairment” was
amplified when the lexical item relied on the extraction of fine-
grained segmental information from the signal.  In the next
experiment we investigated further the relationship between
perceptual acuity at the segmental level and word recognition.

3.  EXPERIMENT 2
Experiment 2 investigated the effects of age on phoneme
discrimination and word recognition by comparing performance
across a group of normal-hearing younger adults and a group of
normal-hearing older adults. We were interested in investigating
whether there is an age-related decline in the perception of fine-
grained acoustic-phonetic contrasts that affects spoken language
processing, particularly in the presence of background noise.  We
wondered whether speech perception by older listeners might
resemble non-native speech perception since both groups have
diminished sensitivity to certain segmental contrasts.
Alternatively, it may be that, due to their extensive experience
with the language, older listeners have developed particularly
efficient mechanisms for recognizing words in the context of
other words in the language.  In this respect, older and non-native
listeners represent opposite ends of the continuum of length of
experience with the target language.

3.1.  Method
3.1.1.  Subjects.  The experimental group included 12 older
women (55-77 years old).  The control group included 17
younger women (20-25 years old).  All subjects had normal
hearing (hearing thresholds better than 25 dB HL for 500-8,000
Hz.)  Only women were included in this study due to the
difficulty of finding older men with normal hearing.  All subjects
were paid for their participation.

3.1.2.  Stimuli and task.  All subjects performed two tasks.  The
first was a speech sound discrimination task in which we
measured discrimination thresholds along two synthetic CV
continua.  The first was a stop-glide continuum (/ba/-/wa/) in
which the formant transition duration varied from 40 msec to 100
msec in 30 1-msec steps.  The second was a place-of-articulation
continuum (/da/-/ga/) in which the onset frequency of the third
formant varied from 2580 Hz to 2180 Hz in 40 10-Hz steps.  The
task followed a 4IAX format in which subjects heard two pairs of
stimuli on each trial.  One pair included two presentations of the
first stimulus along the continuum (the “same” pair); the other
pair included the first stimulus and another stimulus from the
continuum (the “different” pair.)  The subjects had to select
which pair was the different pair.  The procedure followed an
adaptive tracking algorithm which identified the point on the
continuum at which subjects could discriminate stimuli with 69%
accuracy.  All subjects performed the /ba/-/wa/ task first.

The second task was a word recognition task.  Two separate
lists of words were compiled using the same stimulus database as
in Experiment 1.  The first was a single talker list (1 female), the
second was a multiple talker list (4 females, 5 males).  Within
each list half the words were easy and half were hard.  Subjects
heard the words over a loudspeaker and were instructed to repeat
what they heard.  An experimenter wrote down the subject’s
response.  During the presentation of each list, the items were
presented at increasingly difficult signal-to-noise ratios (+9, +6,
and +3 dB). The single talker list was always presented first.

3.2.  Results.
There was no subject group difference in discrimination
thresholds along the /ba/-/wa/ continuum: both groups were able
to discriminate formant transition duration differences of
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approximately 6 msec.  However, the group of older women had
a significantly elevated discrimination threshold along the /da/-
/ga/ continuum.  Younger women were able to perceive third
formant onset frequency differences of approximately 75 Hz;
whereas, the older women required a difference of approximately
120 Hz in order to tell the stimuli apart 2.  Thus, these normal
hearing older women exhibited a selective impairment in their
ability to discriminate fine-grained acoustic-phonetic features.

Figure 2 shows the word recognition accuracy difference
scores for the two groups of subjects in the single versus multiple
talker conditions and for the easy versus hard words.  These
scores were averaged across all signal-to-noise ratios.  In all
cases the difference scores were above zero, demonstrating the
expected intelligibility advantage for both subject groups in the
single talker condition relative to the multiple talker condition,
and for easy words relative to hard words.  Of greater interest is
the fact that there was no group difference in the magnitude of
the single talker advantage; whereas, the older listeners tended to
have a greater easy-hard difference than the younger listeners 3.
Furthermore, the increased easy-hard polarity for the older
listeners was due to a combination of better intelligibility for easy
words and worse intelligibility for hard words relative to the
younger listeners.  In other words, the older listeners tended to be
both more accurate at recognizing easy words and less accurate at
recognizing hard words than the younger listeners.

3.3.  Discussion.
These data indicate that, on the one hand, the older women had
somewhat increased difficulty with words requiring fine phonetic
discrimination, suggesting a link between their diminished
sensitivity to acoustic-phonetic features at the segmental level
and word recognition.  Nevertheless, on the other hand, these
older women tended to have an increased accuracy in recognizing
words that are phonetically distinct in the language.  Thus,
overall word recognition by normal hearing, older women was
not impaired relative to normal hearing, younger women even
though the older women exhibited a deficit in the discrimination
of a fine-grained acoustic-phonetic contrast, and this deficit
seemed to have some effect  on recognition of hard words where
fine-grained discrimination at the segmental level is critical.

4.  GENERAL DISCUSSION
Taken together, these two experiments demonstrate how signal-
dependent and signal-independent sources of variability combine
during spoken language processing.  Both experiments
demonstrated that talker variability – a signal-dependent
characteristic – has a clear effect on spoken word recognition
accuracy, and that this effect is apparently equivalent across
native and non-native listeners, and across younger and older
listeners.  This finding indicates that the ability to cope with
talker variability is a skill that transfers easily from first to second
language perception, and remains intact in the normal-hearing
older listener.

The results of both experiments also demonstrated that
lexical discriminability – a signal-independent factor - exerts a
particularly strong effect on spoken word recognition for non-
native and elderly listeners.  This factor is characterized by a
combination of the sound-shape of the word itself and its relation
to the sound shape of other words in the mental lexicon.  Its

effect is apparently highlighted when sensitivity to segmental
contrasts is diminished, as for both non-native and older
listeners, as well as when the listener has either limited or
extensive experience with the target language lexicon, as for non-
native and older listeners, respectively.  In the case of non-native
listeners, their diminished sensitivity to segmental contrasts in
combination with their limited experience with the target
language lexicon resulted in particularly low accuracy for hard
word recognition, giving overall word recognition scores that
were significantly lower than the native listeners.  In the case of
older listeners, their diminished sensitivity to segmental contrasts
resulted in somewhat poorer hard word recognition, but their
extensive experience with the language resulted in good easy
word recognition, giving overall word recognition scores that
were comparable to the younger listeners.

Through this investigation of speech perception in two
different “special populations,” we have been able to observe the
combined effects of talker-, item- and listener-related variability.
The findings indicate that spoken language processing is highly
sensitive to all sources of variability, but that the effects of
certain sources of variability may be enhanced or diminished in
the context of other sources of variability.
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NOTES
1.  T-tests (1-tail) showed no group difference in the single minus
multiple talker difference scores, but a significant group difference in the
easy minus hard word difference scores at the p<.0001 level.
2.  T-tests (1-tail) showed no group difference in discrimination
thresholds for the /ba/-/wa/ continuum, but a significant group difference
for the /da/-/ga/ continuum at the  p<.05 level.
3.  T-tests (1-tail) showed no group difference in the single minus
multiple talker difference scores, but a strong trend towards a group
difference in the easy minus hard word difference scores (p=.07.)
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Figure 1.  Word recognition accuracy difference scores in the single and multiple talker conditions, and for the easy and hard words  by
the native and non-native listener subject groups.  Error bars indicate the standard error of the mean.

Figure 2.  Word recognition accuracy difference scores in the single and multiple talker conditions, and for the easy and hard words for
the older and younger women.  Error bars indicate the standard error of the mean.
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