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Abstract Understanding the circumstances under which
talker (and other types of) variability affects language per-
ception represents an important area of research in the field
of spoken word recognition. Previous work has demonstrat-
ed that talker effects are more likely when processing is
relatively slow (McLennan & Luce, 2005). Given that lis-
teners may take longer to process foreign-accented speech
than native-accented speech (Munro & Derwing, Language
and Speech, 38, 289–306 1995), talker effects should be
more likely when listeners are presented with words spoken
in a foreign accent than when they are presented with those
same words spoken in a native accent. The results of two
experiments, conducted in two different countries and in
two different languages, are consistent with this prediction.
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Priming

Variability can slow recognition of written (Burgund &
Marsolek, 1997) and spoken (Bradlow, Nygaard, & Pisoni,
1999) words, supporting theoretical positions with specific
representations (Goldinger, 1998). However, variability
does not always affect word recognition (McLennan &

Luce, 2005), supporting theoretical positions with abstract
representations (TRACE; McClelland & Elman, 1986).

Consistent with the phonetic-relevance hypothesis
(Sommers & Barcroft, 2006), some types of variability
are more likely to affect spoken word recognition (Bradlow
et al., 1999). Determining which types of surface and allo-
phonic (Luce, McLennan, & Charles-Luce, 2003; McLennan,
Luce, & Charles-Luce, 2003, 2005) variability are more likely
to affect spoken word recognition is an important area of
research.

Since there is evidence for both abstract and specific
representations, Luce and McLennan (2005) (see also Luce
& Lyons, 1998) suggested that variability might be more
likely to affect spoken word recognition at various points
during processing. McLennan and Luce (2005) subsequently
provided evidence that abstract representations are more
likely to affect early processing and specific representations
are more likely to affect later processing. These authors used
a long-term repetition-priming paradigm in which they pre-
sented listeners with two blocks of spoken words (primes
and targets). The target words were either repeated or new.
Repeated words were either spoken by the same (match) or
by a different (mismatch) talker than the prime words.
Crucially, the magnitude of specificity (MOS) (i.e., the
advantage for repeated words spoken by the same talker
relative to repeated words spoken by a different talker)
was more robust during later processing.

MOS was significant in the slower (delayed shadow-
ing; hard lexical decision), but not in the faster (speeded
shadowing; easy lexical decision) tasks. The only dif-
ference between the two shadowing tasks was that par-
ticipants in delayed shadowing were instructed to delay
their response until a response cue appeared (150 ms
after stimulus offset). The only difference between the
two lexical decision tasks was that the nonwords were
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unwordlike (i.e., low phonotactic probability) in the easy task
and wordlike in the hard task. MOS was statistically larger in
the hard tasks.

These time course results provided the motivation for the
present investigation. Because listeners take longer to recog-
nize words spoken with a foreign accent (Munro & Derwing,
1995), the prediction based on the time-course hypothesis is
that talker mismatches should be more likely to affect recog-
nition when words are spoken with a foreign accent.

Previous studies have examined variability using signal
degradations that resulted in effortful processing and re-
duced accuracy (e.g., low-pass filtering, Church & Schacter,
1994; or white noise, Goldinger, 1996). The studies by
Goldinger (1996) and Luce and Lyons (1998) were among
the first to report reaction times (RTs); the previous studies
had focused on accuracy. One aim of the present study was
to examine a milder and naturally occurring form of degra-
dation in which accuracy is expected to be high and the
main dependent variable is RT.

Two recent studies have provided additional motivation.
First, Vitevitch and Donoso (2011) found more change
deafness (i.e., inability to detect a talker change) in an easy
than in a hard lexical decision task. Second, Mattys and Liss
(2008) found greater talker effects with dysarthric speech
than with healthy speech. Both studies support the time-
course hypothesis and the notion that slower processing
results in greater sensitivity to talker changes.

Both Vitevitch and Donoso (2011) and McLennan
and Luce (2005) manipulated processing speed in the
lab. To our knowledge, Mattys and Liss (2008) were the
first to examine the time course of talker effects without
slowing from lab manipulations or artificially degraded
stimuli. According to the authors, “we use the term
naturally occurring degraded speech to refer to unedit-
ed speech stimuli produced by individuals who, for
whatever reason, produce speech that is degraded rela-
tive to the speech produced by healthy, native speakers”
(p. 1236). Consequently, one motivation for the present
study was to examine talker effects in another form of
naturally occurring degraded speech. Foreign-accented
speech is of particular interest because it falls within
this definition of naturally occurring degraded speech
and, unlike dysarthric speech, can be produced by
healthy speakers.1

Experiment 1: English with foreign-accented speech

Method

Participants A group of 72 participants from the Cleve-
land State University community were paid or received
credit for a course requirement. The participants were
right-handed (according to the Edinburgh Handedness
Inventory; Oldfield, 1971) native speakers of American
English with no reported history of speech or hearing
disorders.

Materials The stimuli consisted of the words and nonwords
used in McLennan and Luce’s (2005) Experiment 2, re-
recorded in English by one male and one female native
Spanish speaker, both of whom had learned English as
adults and spoke with a foreign accent.

The stimuli were recorded in a sound-attenuated room,
low-pass filtered at 10 kHz, and edited into individual files.
The mean durations for the experimental words produced by
the male (583 ms) and the female (574 ms) did not differ, t
(22) < 1.0, p 0 .79.

Design The design followed that of Experiment 2 of
McLennan and Luce (2005). Two blocks of stimuli were
presented. Half of the stimuli in each block were spoken by
each talker, and primes matched, mismatched, or were un-
related to the targets. The talker was the same in the match
condition (e.g., bookmale, bookmale) and different in the mis-
match condition (e.g., bookmale, bookfemale). Words in the
unrelated condition were unprimed.

Both blocks consisted of 24 trials (half nonwords). The
primes consisted of eight experimental words, eight non-
words, and eight control stimuli (four of which were non-
words). The targets consisted of 12 experimental words and
12 nonwords. Eight targets matched the target stimuli, eight
mismatched, and eight were controls. All of the nonwords
and unrelated stimuli were fillers; the focus of the manipu-
lations and analyses was limited to the experimental words.
A 3 (Prime) × 2 (Talker) completely within-participants
design was used. Across participants, each word appeared
in every condition, but no participant heard more than one
version of a word within a block.

Procedure The participants performed a lexical decision
task in which they decided as quickly and accurately as
possible whether the stimulus was a real English word or a
nonword by pressing one of two buttons (word on the right,
and nonword on the left) on a SuperLab response box.
Between blocks, the participants worked on a filler task
for approximately 5 min. The stimuli in both blocks were
presented binaurally over Sony headphones. An iMac run-
ning SuperLab software (Cedrus Corporation, 2006)

1 There are other theoretically important distinctions between accented
and dysarthric speech, including the nature of the segmental distortion
(accented segments may be more phonologically canonical than seg-
ments distorted by dysarthria), as well as intelligibility differences
(dysarthric speech is likely to be more difficult to perceive) and the
frequencies with which listeners are likely to be exposed to dysarthric
(less often) and accented (more often) speech.
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controlled stimulus presentation and recorded RTs, which
were measured from stimulus onset to buttonpress onset. If
the maximum RT (5 s) was exceeded, the computer recorded
an incorrect response and presented the next trial. The
stimulus presentation within each block was random.

Results

Following McLennan and Luce (2005), RTs less than 500 or
greater than 2,500 ms were excluded (two RTs). Three of the
participants were also excluded.2 The overall accuracy to the
experimental words in the target block was 96 %.

A Prime×Target repeated measures analysis of variance
(ANOVA) was performed on the mean RTs to correct
responses.3 The main effect of prime was significant, F1(2,
126) 0 6.90, p 0 .001, MSE 0 18,670.34, ηp

2 0 .10; F2(2,
22) 0 6.36, p 0 .007,MSE 0 3,399.00, ηp

2 0 .37. Because the
focus was on evaluating priming and talker effects, the
comparisons of primary interest were between the match
and control conditions (magnitude of priming, or MOP)
and between the match and mismatch conditions (magnitude
of specificity, or MOS).

As the measure of MOP, we calculated match RTs minus
control RTs; match RTs minus mismatch RTs served as the
measure of MOS. There are other potential ways to calculate
MOP, including (match+mismatch) / 2 – control, or mis-
match – control. However, we chose to assess MOP on the
basis of match minus control in order to be consistent with
McLennan and Luce (2005) (as well as with other similar
studies). Also, inspection of the means in Tables 1 and 2
reveals that such alternative calculations of MOP would
have led to the same overall conclusions, albeit to somewhat
weaker MOPs.

As is shown in Table 1, comparisons consisting of paired
one-tailed t tests revealed significant MOP and MOS:

t1(68) 0 3.08, p < .001, Cohen’s d 0 0.37; t2(11) 0 3.01,
p 0 .01, d 0 0.99, and t1(68) 0 1.84, p 0 .035, d 0 0.22; t2
(11) 0 1.34, p 0 .10, d 0 0.40, respectively.4 The difference
between the mismatch and control conditions was also sig-
nificant, t1(68) 0 1.80, p 0 .038, d 0 0.22; t2(11) 0 2.26,
p 0 .022, d 0 0.83.

Discussion

The results of Experiment 1 are consistent with the time-
course hypothesis. Recall that McLennan and Luce (2005)
did not obtain talker effects in the same easy lexical decision
task (Exp. 2A).

A combined ANOVA revealed that the Prime × Experi-
ment (McLennan & Luce’s, 2005, Exp. 2A, with native-
accented speech, vs. the present Exp. 1, with foreign-
accented speech) interaction was not significant, F < 1.0,
MSE 0 16,735.97, p 0 .658, ηp

2 0 .003. Nevertheless, in
addition to the statistically significant MOS effect found in
the present experiment (−28 ms), but not in McLennan and
Luce’s Experiment 2A (−8 ms), an independent one-tailed t
test revealed significantly longer RTs in the present experi-
ment (900 ms) than in Experiment 2A of McLennan and
Luce (773 ms), t(135) 0 8.04, p < .01, d 0 1.37, supporting
the claim that foreign-accented speech slows processing,
allowing specificity effects to emerge. However, an additional
(two-tailed) t test revealed longer stimulus durations in the
present experiment (579 ms) than in Experiment 2A of
McLennan and Luce (373ms), t(23) 0 11.07, p < .01, d 0 3.20.

Consequently, in order to investigate the relationship
between foreign-accented speech and talker effects further,
we conducted Experiment 2. The primary motivation for
Experiment 2 was to provide a direct, within-study compar-
ison of talker effects as a function of accent. Half of the

2 One participant was removed because no filler task was given to this
participant, due to experimenter error, and thus the target block began
immediately following the prime block. A second participant was
removed because of an overall mean RT to correct responses during
the target block that was greater than two standard deviations above the
grand mean. A third participant, who reported difficulty hearing the
stimuli, was also removed.
3 Two dummy variables representing the allocation of participants to
experimental lists were included in the ANOVA solely to reduce the
estimate of random variation (Pollatsek & Well, 1995); effects involv-
ing the dummy variables are not reported. Note that traditional item
analyses were not appropriate for the present experiments. Raaijmakers
(2003; see also Raaijmakers, Schrijnemakers, & Gremmen, 1999) has
argued that conducting separate item analyses in designs that use
counterbalanced lists is unfounded. Nevertheless, we will report item
analyses, more because of convention than because of their appropri-
ateness. The reader should bear in mind these caveats in interpreting
the significance levels of all item tests reported for the present
experiments.

4 One-tailed tests are reported for tests with an a priori prediction about
the direction of an effect (e.g., faster RTs in the match than in the
mismatch condition). Also, Cohen’s d was calculated for within-
participants data using an online effect size calculator created by the
Cognitive Flexibility Laboratory (June 18, 2008; retrieved July 7,
2010, from www.cognitiveflexibility.org/effectsize/). The typical effect
size interpretations for Cohen’s d are 0.2 0 small, 0.5 0 medium, and
0.8 0 large.

Table 1 Reaction times, standard errors (in parentheses), and magni-
tudes of specificity (MOS) and priming (MOP) for Experiment 1

Experiment 1 M MM C MOS MOP

English
(with foreign-
accented speech)

870 (13) 898 (13) 931 (16) −28* −61*

M, MM, and C refer to the match, mismatch, and control conditions,
respectively. * Significant effects in the MOS (match – mismatch) and
MOP (match – control) planned comparisons
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participants heard words spoken by a native speaker, and
half heard the same words spoken by a non-native speaker
with a foreign accent. Furthermore, the durations of the
native- and foreign-accented experimental words were
equivalent, allowing us to rule out a duration-based
explanation.

Experiment 2: Spanish with native- and foreign-accented
speech

Method

Participants A group of 72 participants from the Universitat
Jaume I (Spain) community were paid or received cred-
it. The participants were right-handed native Spanish
speakers with no reported history of speech or hearing
disorders.

Materials All of the stimuli, shown in the Appendix, were
recorded in Spanish by one male and one female native Amer-
ican English speaker with a foreign accent, and by one male
and one female native Spanish speaker with a native accent.5

The stimuli were recorded, filtered, and edited as in
Experiment 1. The mean word frequency for the experimen-
tal words was 981 per five million, according to LEXESP
(Sebastián-Gallés, Martí, Carreiras, & Cuetos, 2000). The
mean durations for the experimental words produced by the
native (580 ms) and non-native (577 ms) speakers did not
differ, t(46) < 1.0, p 0 .857.

Design The design is identical to that of Experiment 1, with
the exception of adding the between-participants factor

Accent (native or foreign). Half of the participants heard
words and nonwords produced by the native Spanish speak-
ers, and half heard the same stimuli produced by the native
American English speakers in Spanish with a foreign accent.

Procedure The procedure was identical to that of Experiment
1, except that the stimuli were presented over AKG-K55
headphones and the experiment was controlled by Inquisit
1.33 software on a Pentium PC, which recorded RTs.

Results

No RTs were less than 500 or greater than 2,500 ms.6 The
overall accuracy to the experimental words in the target block
was 91 %.

A Prime × Target × Accent mixed-factor ANOVA was
performed on the mean RTs to correct responses. As
expected, native-accented words were responded to more
quickly (785 ms) than were foreign-accented words
(981 ms), F1(1, 60) 0 48.64, p < .001, MSE 0 85,023.36,
ηp

2 0 .45; F2(1, 22) 0 37.90, p < .001, MSE 0 42,345.44,
ηp

2 0 .63. Again, the MOP and MOS were of primary
interest. The crucial difference between the present experi-
ment and Experiment 1 was our ability to directly evaluate
talker effects in the native- and foreign-accented conditions.

The Prime × Accent interaction was marginally signifi-
cant, F1(2, 120) 0 2.60, MSE 0 21,995.14, p 0 .079, ηp

2 0
.04; F2(2, 44) 0 1.04, MSE 0 11,715.51, p 0 .362, ηp

2 0 .05.
Consequently, MOS and MOP analyses were performed
separately for the native- and foreign-accented conditions,
as shown in Table 2.

In the native-accent condition, MOP was significant,
t1(35) 0 1.85, p 0 .04, d 0 0.31; t2(11) 0 2.95, p 0 .01, d 0
0.86, and MOS did not approach significance, t1(35) < 1.0,
p 0 .38, d 0 0.05; t2(11) < 1.0, p 0 .44, d 0 0.05. The
difference between the mismatch and control conditions was
also significant, t1(35) 0 2.17, p 0 .019, d 0 0.37; t2(11) 0
2.30, p 0 .021, d 0 0.74.

In the foreign-accented condition, both MOP and MOS
were significant, t1(35) 0 3.04, p < .001, d 0 0.55; t2(11) 0
2.22, p 0 .02, d 0 0.64, and t1(35) 0 2.39, p 0 .01, d 0 0.41;
t2(11) 0 1.00, p 0 .17, d 0 0.25, respectively. The difference
between the mismatch and control conditions was not

Table 2 Reaction times, standard errors (in parentheses), and magni-
tudes of specificity (MOS) and priming (MOP) for Experiment 2

Experiment 2 M MM C MOS MOP

Spanish
(with native-
accented speech)

777 (21) 773 (24) 806 (28) +4 −29*

Spanish
(with foreign-
accented speech)

927 (21) 984 (24) 1,031 (28) −57* −104*

M, MM, and C refer to the match, mismatch, and control conditions,
respectively. * Significant effects in the MOS (match – mismatch) and
MOP (match – control) planned comparisons

5 Both of the Spanish speakers and all of the Spanish participants were
native speakers of Spanish (i.e., Spanish was their first and primary
language). However, it is extremely difficult to find individuals in this
area of Spain who are monolingual speakers. Consequently, many
participants and both speakers also spoke Catalan, English, or both.

6 Three participants in the foreign-accented condition had errors on
both of the trials in the control condition for the male talker. As a result,
for these three participants, there were no RTs to correct responses for
that condition. Consequently, each of these three participants’ means
for their remaining five conditions was used to replace the missing
value. Note that this affected less than 1% of the means from this
experiment (i.e., three out of 432 condition means, or 72 participants ×
6 condition means for each participant).
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significant, t1(35) 0 1.17, p 0 .126, d 0 0.20; t2(11) 0 1.39,
p0 .096, d00.40.

A critical final comparison, consisting of an independent
one-tailed t test, was performed in order to directly compare
the MOS in the native- and foreign-accented conditions.
These results provided further evidence that MOS was
greater in the foreign-accented (−57 ms) than in the native-
accented (+4 ms) condition, t1(70) 0 2.24, p 0 .01, d 0 0.53;
t2(22) < 1.0, p 0 .21, d 0 0.34.

Discussion

The results of Experiment 2 are consistent with the time-
course hypothesis. We are not arguing that talker effects
would never be expected in native-accented speech; such
evidence already exists (McLennan & Luce, 2005). Rather,
our argument is that talker effects are more likely to occur
when processing is relatively slow, and consequently, are
more likely with foreign-accented speech.

Although both experiments involved foreign-accented
speech, the following data suggest that listeners were indeed
accessing the intended lexical items. First, accuracy in the
lexical decision task was quite high (96 % and 91 % in
Experiments 1 and 2, respectively). Second, we collected
additional data in order to address this issue directly. Ten
new native speakers of American English at Cleveland State
University were asked to identify each of the experimental
words for the English stimuli (produced with a Spanish
accent), and 10 new native speakers of Spanish at the Uni-
versitat Jaume I were asked to identify each of the experi-
mental words for the Spanish stimuli (produced with an
American English accent). The results for the English stim-
uli were as follows: The mean percentages correct for the
stimuli produced by the male and the female talker were
98 % and 94 %, respectively. Furthermore, the mean per-
centage correct for the experimental words was 96 %. The
results for the Spanish stimuli were as follows: The mean
percentages correct for the stimuli produced by the male and
the female talker were 95 % and 96 %, respectively. Fur-
thermore, the mean percentage correct for the experimental
words was 95 %. In short, for both the English and the
Spanish stimuli, the foreign-accented words were intelligi-
ble across speakers and items. These data provide further
evidence that the present results are not simply indicative of
a decision under optimal conditions versus decision under
uncertainty. Although many studies using degraded stimuli
may result in relatively low accuracy indicative of some
greater degree of uncertainty, accuracy in the present experi-
ments was quite high, and RT was the main dependent
variable.

We performed one final analysis, directly comparing the
combined MOS from the two native-accented conditions
(Exp. 2A of McLennan & Luce, 2005, and our Exp. 2) and

the two foreign-accented conditions (Experiments 1 and 2).
The results of this one-tailed t test revealed significantly
greater MOS in foreign- than in native-accented speech, t
(207) 0 2.05, p 0 .02, d 0 0.28.

General discussion

The present study demonstrated that talker effects are more
likely in foreign-accented speech, consistent with the time-
course hypothesis. The evidence is particularly strong, given
that we not only found greater MOS in foreign-accented
speech in our between-study comparison (Exp. 1), but also
in our within-experiment comparison (Exp. 2). However,
because Clarke and Garrett (2004) have shown that listeners
adjust to foreign accents quickly when presented with lon-
ger utterances (complete sentences rather than isolated
words), the present pattern of results may be restricted to
isolated word recognition. That is, if listeners typically
adjust to foreign accents quite rapidly, they may quickly
revert to their default pattern of results, in which talker
effects are less likely to affect their perception of spoken
language. Nevertheless, the role that talker-specific repre-
sentations play when listeners are presented with longer
utterances of foreign-accented speech remains an empirical
question that should be addressed in future studies.

The present study advances our understanding of the
circumstances under which talker-specific details affect spo-
ken word recognition (McLennan, 2006; 2007) by providing
evidence of greater talker effects with foreign-accented
speech. To our knowledge, this is the only published study
examining the time course of talker effects when listeners’
processing was relatively slow, without creating this slow-
ing with lab manipulations or artificially degraded or disor-
dered speech. The present results support the use of the
same theoretical framework in accounting for talker effects
in listeners’ perceptions of clear speech, as well as naturally
occurring degraded speech produced by dysarthric speakers
and healthy speakers with a foreign accent. Furthermore, the
present results provide important new information beyond
the results with dysarthric speech.

Some researchers have discussed the role that attention
may play in listeners’ perception (e.g., Nygaard, 2003) and
acquisition (e.g., Francis & Nusbaum, 2002) of abstract and
more fine-grained acoustic–phonetic structure. Although we
have interpreted our results in terms of the time-course
hypothesis, both our results and the time-course hypothesis
are compatible with an attention-based account. The degree
of task difficulty may affect the way that listeners attend to
the signal. When the task is easy, it may be sufficient for
listeners to attend to only a few relevant phonemic distinc-
tions in order to perform the task successfully. On the other
hand, when the task is difficult, the listener may need to
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devote more attentional resources to a finer level of phonetic
detail, which in turn results in more robust talker effects.

Also, it may seem as though we are positing that
talker-specific representations are qualitatively distinct
from abstract representations, and that talker-specific
representations do not play any role until later in pro-
cessing. However, we are not arguing for either of these
points. First, although our findings are consistent with
qualitatively distinct representations, this is not neces-
sarily the case. It is possible that abstract information
and talker-specific details are part of a more distributed
representation. Second, although our findings provide
empirical evidence that abstract information and talker-
specific details affect processing at different points in
time, it is not necessarily the case that talker-specific
details play no role until later. Rather than assuming
that talker-specific representations (if qualitatively dis-
tinct) or talker-specific aspects of a distributed represen-
tation are not playing any role early (such that it takes
longer for this information to become activated), it is
possible that all sources of information play a role
immediately, but some sources simply take longer for
their effects to be detected. In this way, the time-course
hypothesis does not necessarily posit that talker-specific
information will play no early role, but rather that the
effects of talker-specific information will always play a
larger role later during processing.7

One final point merits discussion. Although the role that
surface information, including talker-specific details, plays
in the perception of spoken words remains an important
issue, researchers have only examined one of the two direc-
tions of these effects. Researchers have manipulated surface
information, most frequently the talker, and examined the
effect that this manipulation has on listeners’ ability to
recognize the linguistic information (the spoken words).
However, effects in the opposite direction have remained
relatively unexplored: Researchers could manipulate the
linguistic information (e.g., high vs. low frequency) and
examine the effect that this manipulation has on listeners’
subjective perception of the surface information (e.g., the
strength of a non-native speaker’s foreign accent). Shah and
McLennan (2008) have begun to investigate the effect that
ease of lexical access (primed vs. unprimed) has on listen-
ers’ accent ratings. Also, Nygaard and Queen (2008; see
also Nygaard & Lunders, 2002) provided evidence that
emotional tone of voice can affect listeners’ processing of

the linguistic content of spoken words. Studies in which
both directions in the relationship between linguistic and
surface information are examined should lead to a more
complete understanding of how listeners represent and pro-
cess both types of information.
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