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Lexically guided perceptual learning is robust to task-based
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Listeners use lexical information to resolve ambiguity in the speech signal, resulting in the restruc-
turing of speech sound categories. Recent findings suggest that lexically guided perceptual learning
is attenuated when listeners use a perception-focused listening strategy (that directs attention
towards surface variation) compared to when listeners use a comprehension-focused listening strat-
egy (that directs attention towards higher-level linguistic information). However, previous investi-
gations used the word position of the ambiguity to manipulate listening strategy, raising the
possibility that attenuated learning reflected decreased strength of lexical recruitment instead of a
perception-oriented listening strategy. The current work tests this hypothesis. Listeners completed an
exposure phase followed by a test phase. During exposure, listeners heard an ambiguous fricative
embedded in word-medial lexical contexts that supported realization of the ambiguity as /[/. At test,
listeners categorized members of an /asi/-/a [i/ continuum. Listening strategy was manipulated via
exposure task (experiment 1) and explicit acknowledgement of the ambiguity (experiment 2).
Compared to control participants, listeners who were exposed to the ambiguity showed more /[/
responses at the test; critically, the magnitude of learning did not differ across listening strategy con-
ditions. These results suggest that given sufficient lexical context, lexically guided perceptual learn-

ing is robust to task-based changes in listening strategy. © 2018 Acoustical Society of America.
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I. INTRODUCTION

Listeners are exposed to wide variability in the acoustic
instantiation of individual speech sounds that arises due to
numerous contextual factors including accent or dialect char-
acteristics (e.g., Bradlow and Bent, 2008), coarticulatory
effects (e.g., Summerfield, 1981), and idiolect characteristics
of individual talkers (e.g., Hillenbrand ef al., 1995; Newman
et al., 2001; Theodore et al., 2009). Remarkably, listeners
extract meaningful information from this invariant signal
with relative ease. While representations for speech sound
categories begin to reflect native language phonology in the
first year of life (e.g., Werker and Tees, 1984), they remain
flexible to allow listeners to dynamically modify speech
sound representations to accommodate systematic variability
throughout the lifespan (e.g., Polka and Werker, 1994;
Werker et al., 2007; Werker et al., 2012; Lively et al., 1993;
Pisoni, 1993; Wang et al., 1999; Theodore et al., 2015).

Previous research has shown that lexical knowledge is
one factor that can guide interpretation of acoustic-phonetic
input (Ganong, 1980), promoting changes to phonetic cate-
gories even when lexical context is subsequently removed
(Norris et al., 2003). For example, Norris et al. (2003)
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exposed Dutch listeners to a fricative ambiguous between /f/
and /s/ during an exposure task. Listeners in the /f/-bias
exposure group heard the ambiguous sound in the context of
Dutch words that ended in /f/ (i.e., “witlof”), whereas listen-
ers in the /s/-bias exposure group heard the same ambiguous
sound in the context of Dutch words that ended in /s/ (i.e.,
“naaldbos”). During exposure, listeners performed a lexical
decision task for the critical exposure stimuli, along with
other filler word and nonword items. After the exposure
phase, learning was assessed using a phoneme identification
task where listeners categorized items for a nonword /ef/ -
/es/ continuum. The results showed that listeners in the /f/-
bias training group categorized more continuum items as /f/
compared to listeners in the /s/-bias group, demonstrating
that the mapping to speech sound categories had been modi-
fied to include the ambiguous speech sound into the category
consistent with experience during exposure. To confirm that
this effect was driven by lexical knowledge, they demon-
strated that the learning effect did not occur when the ambig-
uous fricative was embedded in nonword contexts during
exposure.

Lexically guided perceptual learning (also referred to as
phonetic recalibration) is very robust. It has been shown for
numerous speech sound contrasts (e.g., McQueen et al.,
2006; Sjerps and McQueen, 2010; Jesse and McQueen,
2011; Mitterer et al., 2013), and has been demonstrated to
persist over time (Kraljic and Samuel, 2005; Eisner and
McQueen, 2006). Its effects are not limited to the boundary
region; instead, this type of learning promotes a
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comprehensive reorganization of internal category structure
(Drouin et al., 2016; Xie et al., 2017). However, recent
research points towards constraints on lexically guided per-
ceptual learning, highlighting a role for attentional processes
on the engagement of this learning mechanism. For example,
Scharenborg et al. (2015) operationalized attention as indi-
vidual differences in attention-switching control, as indexed
by performance on a standardized assessment. Their results
showed that adults with poorer attention-switching abilities
showed enhanced perceptual learning compared to adults
with better attention-switching control. They hypothesize
that this reflects a relationship between attention-switching
ability and listening strategy such that those with better
attention-switching were more likely to attend to phonetic
information while those with poorer attention-switching
were likely to rely on lexical information. On this view, the
effect of attention-switching ability can be considered a dis-
tinction in listening strategy during exposure, where
increased attention to surface variation leads to decreased
perceptual learning (Scharenborg et al., 2015).

Support for this view comes from McAuliffe and Babel
(2016) who examined whether task-driven attention during
exposure would modulate the magnitude of the lexically
guided perceptual learning effect. Two manipulations were
used to bias listeners towards either a perception-oriented
listening strategy, where attention was directed towards sur-
face variation, or a comprehension-oriented listening strat-
egy, where attention was directed towards higher-level
linguistic information. In the first manipulation, the ambigu-
ous sound (midway between /s/ and /[/) was either presented
in a word-initial position (perception-oriented) or word-
medial position (comprehension-oriented). In the second
manipulation, listeners were either told explicitly that the
speaker produces ambiguous /s/ sounds (perception-oriented)
or were not given any mention of the ambiguity (comprehen-
sion-oriented). These two manipulations were fully crossed
among four groups of participants. With this design, one
condition was predominantly perception-oriented (word-ini-
tial 4+ explicit knowledge of ambiguity), one condition was
predominantly comprehension-oriented (word-medial + no
explicit knowledge of ambiguity), with the other two
conditions intermediate to contain one perception-oriented
component and one comprehension-oriented component
(word-initial 4+ no explicit knowledge of ambiguity; word-
medial + explicit knowledge of ambiguity). All participants
completed a lexical decision exposure phase (during which
the ambiguous fricative was presented in an s-biasing con-
text) followed by a category identification test phase using
members of /s/ - /f/ word continua (e.g., sin - shin). One
additional group of listeners served as a control condition;
these listeners only completed the category identification test
phase.

McAuliffe and Babel (2016) predicted that the
comprehension-oriented listening strategies would promote
lexically guided perceptual learning, while the perception-
oriented listening strategies would attenuate learning. Their
results partially supported these predictions. Specifically,
while the intermediate conditions did not differ from control,
providing evidence of attenuated perceptual learning, both
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the predominantly comprehension-oriented and predomi-
nantly perception-oriented listening strategies did show evi-
dence of robust perceptual learning. McAuliffe and Babel
(2016) reconciled these findings by suggesting that learning
occurred in the predominantly comprehension-oriented con-
dition due to attention to lexical information, and that it
occurred in the predominantly perception-oriented condition
due to increased encoding specificity, given the shared word
position of the exposure and test fricatives (i.e., word-ini-
tial). Because the greatest magnitude of learning was
observed in the most comprehension-oriented listening con-
dition, the authors conclude that stimulus-directed attention
attenuated lexically guided perceptual learning.

This finding is striking in the context of the broader lexi-
cally guided perceptual learning literature given myriad find-
ings showing that learning is robust across exposure tasks
that promote perception-focused listening strategies. For
example, Samuel (2016) exposed participants to both a
female voice and a distractor male voice during an exposure
period. The female voice contained an ambiguous sound
midway between /s/ and /[/ embedded into words that would
normally contain an /s/ or /[/ in word-medial position and
thus created a condition for lexically guided perceptual
learning to occur. The male and female voices were pre-
sented dichotically on the same trial, but the male voice
began 200 ms later and co-occurred with the onset of the
ambiguous phoneme in the female voice. Following training,
listeners categorized items for an /asi/ to /a i/ continuum in
the female voice heard during training. In one of a series of
experiments, Samuel (2016) found that listeners showed
robust phonetic recalibration even when performing a sylla-
ble counting task on the female’s voice, suggesting that
attention does not need to be explicitly drawn to lexical sta-
tus for learning to occur. Moreover, a listener does not even
need to attend to the acoustic stimuli for learning to occur,
as other research has observed phonetic recalibration when
listeners are asked to count each trial during the exposure
phase (McQueen et al., 2006).

Other work has observed lexically guided perceptual
learning using visual monitoring tasks during the exposure
phase. van Linden and Vroomen (2007) compared the effects
of lipread and lexical information on phonetic recalibration
by exposing Dutch participants to an ambiguous sound mid-
way between /t/ and /p/. In the lipread condition, they
embedded the ambiguous sound into Dutch pseudowords
(i.e., /wo?/) and dubbed those pseudowords onto a video of a
face articulating either a /p/ or /t/ interpretation (i.e., /wop/
or /wot/), where neither interpretation yields a real Dutch
word. In the lexical condition, they embedded the ambiguous
phoneme into Dutch words that ended in either a /p/ or /t/.
Across conditions in the exposure phase, participants did not
complete a phonetic task, but rather monitored a video for a
white dot to appear either on the speaker’s face (audiovisual
condition) or on a black screen (lexical condition). Exposure
trials were intermixed with categorization trials where they
identified continuum items as either /p/ or /t/. They found
statistically equivalent learning across both the lipread and
lexical conditions suggesting that participants can use either
source of information comparably to disambiguate the
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signal. Of critical interest to the current study, they also con-
cluded that while lipread and lexical conditions operate on
different perceptual levels (i.e., bottom-up vs top-down
information), both sources of information can be used to
guide phonetic retuning, suggesting that attention need not
be geared towards the lexicon to engage in this type of
learning.

Supporting lexical context may be one reason for the
discrepant findings showing that lexically guided perceptual
learning is attenuated in some but not all perception-focused
tasks (McAuliffe and Babel, 2016; McQueen et al., 2006;
Samuel, 2016; van Linden and Vroomen, 2007). McAuliffe
and Babel (2016) noted that while learning was most robust
in the condition that optimized comprehension-oriented
listening strategy (no explicit knowledge of the ambiguity
+ ambiguity presented in the word-medial position), learn-
ing was attenuated to a similar degree for their intermediate
conditions. It is unclear whether the observed attenuation
reflects a perception-oriented listening strategy per se or the
lack of surrounding lexical context (i.e., when the ambiguity
was presented in the word-initial position). Research exam-
ining positional effects on phonetic recalibration has found
that learning is attenuated when the ambiguous phoneme is
presented in an onset position, while learning is robust when
the ambiguity is presented in a coda position (e.g., Jesse and
McQueen, 2011). Across many studies, learning has been
observed when the ambiguity is presented in a word-medial
position (e.g., Norris et al., 2003; Drouin et al., 2016) and
word-final position (e.g., Mitterer et al., 2013; Pitt and
Samuel, 2006), suggesting that both of these positions offer
sufficient access to lexical information. Indeed, the studies
utilizing perception-focused tasks (Samuel, 2016; McQueen
et al., 2006; van Linden and Vroomen, 2007) never pre-
sented the ambiguity in a word-initial position, which sup-
ported access to local lexical context cues as the auditory
stream unfolded. Thus, it is unclear whether diminished
access to surrounding lexical context, rather than just
induced listening strategy, was the putative factor for attenu-
ated perceptual learning in McAuliffe and Babel (2016).

In addition to surrounding lexical context, another factor
that may play a role in whether lexically guided perceptual
learning is observed is the specific circumstances under
which the listener is exposed to the talker. Previous research
has shown that learning can be diminished through external
factors beyond local lexical context. For example, Kraljic
et al. (2008) suggested that listeners interact with the ambi-
guity differently depending on whether the production is
characteristic of a speaker or not. They found that when lis-
teners heard and simultaneously saw the speaker produce an
ambiguous sound with a pen in the speaker’s mouth, pho-
netic recalibration did not occur. However, when listeners
only heard the ambiguity, but did not see the speaker with a
pen in her mouth, learning did occur. They argued that if the
listener has an external factor to attribute the ambiguity to
(i.e., a pen in the speaker’s mouth), learning does not occur
since the production is not characteristic of the talker.
However, if the production is considered characteristic of
the speaker, the listener will restructure their phonetic cate-
gories to accommodate the variability. Moreover, other
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research has also shown that lexically guided perceptual
learning may be talker-specific. If the voice listeners hear
during exposure is different than that heard at test learning
does not occur (Eisner and McQueen, 2005; Kraljic and
Samuel, 2005) and fricatives may be more likely to show
talker-specificity effects (Kraljic and Samuel, 2007). One
way in which McAuliffe and Babel (2016) biased listeners
towards a perception-orientation was explicitly telling listen-
ers that the speaker produces ambiguous /s/ sounds. This
instruction not only notifies the listener of the ambiguity, but
also signals that this production is characteristic of the talker.
While McAuliffe and Babel (2016) suggest that this manipu-
lation should attenuate learning because the listener would
be more likely to focus on the specific acoustic properties of
the speech signal and less on lexical information (i.e., this
manipulation induces a perception-oriented listening strat-
egy), work by Kraljic et al. (2008) would predict that the lis-
tener would indeed learn with this manipulation because it is
framed as characteristic of the talker.

Collectively, research has shown that attention towards
surface level features of the signal may attenuate lexically
guided perceptual learning in some but not all cases
(McAuliffe and Babel, 2016, Samuel, 2016; McQueen et al.,
2006; van Linden and Vroomen, 2007). Moreover, the task
instructions used to bias the listener towards a perception-
focus may be sufficient to diminish learning (McAuliffe and
Babel, 2016), but may also introduce talker-specificity
effects that promote learning (Kraljic et al., 2008). In the
current study, we attempt to reconcile these discrepant find-
ings by examining how lexically guided perceptual learning
changes as a function of task-induced listening strategy
while, critically, holding supporting lexical context constant.

In experiment 1, we manipulated listening strategy using
a depth of processing task manipulation. All listeners, except
for a control group, were assigned to an /[/-bias exposure con-
dition; the stimuli were identical across exposure conditions.
However, the task the listener was asked to perform differed
across conditions. During exposure, listeners completed a
loudness judgment task (perception-focus), a lexical decision
task (comprehension-focus), or a syntactic decision task (com-
prehension-focus). All listeners completed a categorization
task following exposure. Previous research has found that
phonetic recalibration can occur using perception-focused
tasks like syllable counting (Samuel, 2016), trial counting
(McQueen et al., 2006) and visual monitoring (van Linden
and Vroomen, 2007), and also using comprehension-focused
tasks like lexical decision (e.g., Norris et al., 2003) and
semantic decision (Zhang and Samuel, 2014). However, it is
unclear whether the magnitude of learning differs as task
changes from a more perception-focus to comprehension-
focus. If perceptual learning is weakened as a consequence of
a perception-focused listening strategy, then we would expect
to see attenuated learning in the amplitude decision task com-
pared to the lexical decision and syntactic decision tasks, in
line with previous findings (McAuliffe and Babel, 2016).
However, if access to local lexical context, rather than
induced listening strategy, is sufficient to guide lexically
guided perceptual learning, then we would expect to observe
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no difference in learning between the perception-focused task
and comprehension-focused tasks.

The loudness judgment task was selected for the
perception-focus listening strategy because it is a task that can
be completed solely based on a perceptual analysis of the sig-
nal; that is, listeners do not require explicit (or implicit) lin-
guistic processing in order to perform this task. Though
amplitude may inherently differ as a function of speech sound
class (e.g., vowels have higher amplitude than fricatives) find-
ings from the literature on spoken word recognition have
shown that specificity effects for recognition memory that are
observed for speaking rate and talker do not extend to ampli-
tude (Bradlow et al., 1999), and trial-by-trial amplitude varia-
tion does not impede word recognition as does variation in
talker or speaking rate (Sommers et al., 1994). The lexical and
syntactic decision tasks were selected for the comprehension-
focused listening strategy because, in contrast to the amplitude
judgment task, these two tasks require linguistic processing.
While both of these require linguistic processing and thus can
be considered a means to induce comprehension-focused lis-
tening strategy, they differ with respect to depth of processing,
which is greater for the syntactic decision compared to lexical
decision task. These two comprehension-focused tasks were
selected in order to provide a built-in replication for learning
in a comprehension-focused task, and to examine whether
learning would be graded as a function of depth of processing
(i.e., greater learning in the syntactic compared to the lexical
condition). All tasks were designed to promote the targeted lis-
tening strategy (i.e., perception-focused vs comprehension-
focused) across the set of exposure items as a gestalt, and not
to specifically shift listening strategy for the ambiguous pho-
neme specifically.

In experiment 2, a lexical decision task was used during
exposure, with listening strategy manipulated through
explicit knowledge of the ambiguity (perception-focus) or
no knowledge of the ambiguity (comprehension-focus).
These two conditions were selected for their representative
listening strategy following McAuliffe and Babel (2016)
who induced a perception-focused listening strategy by
explicitly telling listeners that the talker may produce ambig-
uous sounds. If explicit knowledge of the ambiguity draws
listeners focus towards the acoustic signal and weakens lexi-
cal activation as hypothesized by McAuliffe and Babel
(2016), then phonetic recalibration will be attenuated com-
pared to those who did not have explicit knowledge of the
ambiguity. However, if surrounding lexical context or
knowledge that an ambiguous production is characteristic of
a talker is sufficient to guide lexically guided perceptual
learning, then we predict no difference in learning between
listeners who had knowledge of the ambiguity and those
who did not (Kraljic et al., 2008).

Il. EXPERIMENT 1
A. Methods
1. Participants
One hundred adults between the ages of 18 and 32 years
(M =20, SD=2, 19 males) participated in experiment 1.
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Two additional participants were tested in the lexical condi-
tion, described below, but excluded due to low accuracy
(<75% correct) during the exposure task. All were monolin-
gual speakers of American English with no reported history
of speech, language, or reading disorders. All participants
passed a pure tone hearing screening (administered at 20 dB
for octave frequencies between 500 and 4000 Hz) on the day
of testing. Participants were randomly assigned to one of
three exposure conditions (i.e., amplitude, lexical, syntactic,
n =20 in each condition) or the control condition (n=40).
The sample size was based on that used in previous work
(e.g., Norris et al., 2003; McAuliffe and Babel, 2016).
Participants were compensated with either partial course
credit or monetary payment.

2. Stimuli

The stimuli consisted of 200 exposure items and six test
items drawn from those used in Myers and Mesite (2014)
and Drouin et al. (2016), to which the reader is referred for
comprehensive details on stimulus creation. The exposure
stimuli consisted of 100 auditory words and 100 auditory
nonwords produced by a native female speaker of American
English. The 100 auditory words were divided into three
classes: 20 ambiguous /f/ words (e.g., publi?er), 20 clear /s/
words (e.g., pencil), and 60 filler words that contained no
instance of /s/ or /[/ (e.g., napkin). The ambiguous / [/ words
were created by recording both an /s/ and /[/ version of the
word (e.g., publiser and publisher) and excising the fricative
portion (at zero crossings) of each version. The fricatives
were then equated on duration by trimming the longer frica-
tive to match the length of the shorter one. The two fricatives
were blended using waveform averaging in Praat and the
50% blend was inserted back into the /s/-frame production
(e.g., publiser). Using this procedure, a unique 50% blend
was created for each ambiguous /f/ word. Using the Praat
software, amplitude for half of the tokens for each of the
four item types (i.e., ambiguous /[/ words, clear /s/ words,
filler words, nonwords) was set to 60 dB and amplitude for
the other half of the tokens was set to 70 dB.

The test stimuli consisted of a six-step nonword contin-
uum produced by the same talker as for the exposure stimuli.
The continuum perceptually ranged from /asi/ to /a[i/. The
test continuum was created following a similar protocol for
the exposure stimuli. First, recordings were made of natu-
rally produced /afi/ and /asi/ tokens. The fricatives in each
token were excised and waveform averaging was used to
create six unique fricative blends. In terms of proportion /f/
energy, the blends included 20%, 30%, 40%, 50%, 60%, and
70%. The blends were then inserted back into the /s/ frame
(i.e., /asi/) to create six unique tokens. The amplitude of the
six test tokens was set to 65 dB using Pratt.

3. Procedure

All participants in the three exposure conditions (i.e.,
amplitude, lexical, syntax) completed an exposure phase fol-
lowed by a test phase. The exposure stimuli were identical
among the three exposure conditions; the ambiguous frica-
tive was embedded in a word-medial, /[/-biasing lexical
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context in all cases. Following McAuliffe and Babel (2016),
participants in the control condition completed only the test
phase. With this design, learning was assessed by comparing
performance in the exposure conditions to the control group.
This method of assessing learning is different from the stan-
dard lexically guided perceptual learning paradigm where
two biasing groups are compared to each other (e.g., /[/-bias
versus /s/-bias). We adopted the same methodology as
McAuliffe and Babel (2016) who used this design in light of
the previously reported instances of asymmetrical learning
in the lexically guided perceptual learning paradigm (Zhang
and Samuel, 2014; Drouin et al., 2016; Samuel, 2016).

All testing took place individually in a sound-
attenuated booth. The stimuli were presented via head-
phones at a comfortable listening level that was held con-
stant across participants. Stimuli presentation and data
collection were controlled using the SuperLab software
(version 4.5) on a Mac OS X operating system. Responses
were collected using a button box. Within each condition,
button assignment was counterbalanced by dominant hand
for both exposure (YES/NO) and test (ASI/ASHI)
responses.

a. Exposure. During exposure, participants heard one
randomization of the 200 exposure items. On each trial, par-
ticipants were asked to make a two-alternative forced-choice
decision according to their exposure condition. Participants in
the amplitude condition were asked to indicate whether the
item was loud (YES) or not (NO). Participants in the lexical
condition were asked to indicate whether the item was a word
(YES) or not (NO). Participants in the syntactic condition
were asked to indicate whether the item was a noun (YES) or
not (NO). In all conditions, participants were encouraged to
respond as quickly as possible without sacrificing accuracy.
The interstimulus interval was 2000 ms, timed from the partic-
ipant’s response. If a participant failed to respond within
5000 ms of stimulus onset, then no response was recorded and
the experiment advanced to the next trial.

b. Test. During test, participants completed a category
identification task in which they heard six randomizations of
the six test tokens. On each trial, they were instructed to cat-
egorize the token as either ASI or ASHI by pressing the
appropriate button on the button box. The interstimulus
interval was 2000 ms, timed from the participant’s response.
As for the exposure phase, failure to respond within 5000 ms
resulted in the experiment advancing to the next trial and

participants were encouraged to respond as quickly and
accurately as possible.

The entire procedure lasted approximately 30 min for
individuals in the three exposure conditions (i.e., exposure
phase followed by test phase) and approximately 5 min for
individuals in the control condition (i.e., only test phase).

B. Analysis and results

The exposure and test phases were analyzed separately.
Performance for exposure was measured in terms of accuracy
and reaction time for correct responses (RT); reaction time for
a given trial was measured relative to the onset of the auditory
stimulus. For the mixed-effects model described below, RTs
were log-transformed to more closely approximate a normal
distribution. Log RTs deviating more than three standard
deviations from each participant’s mean log RT were deemed
outliers and excluded from further analysis; these outlier RTs
accounted for less than 1% of the data (101 trials out of
10566 correct responses). For each subject, mean accuracy
and RT were calculated separately for each of the four item
types. One participant in the amplitude condition was
removed from further analysis because accuracy during expo-
sure (49.79%) was near chance. Table I shows mean accuracy
across participants in each of the three exposure conditions
for the four item types; reaction time performance is shown in
Table II. Accuracy was near ceiling in all cases, except for
nonwords for those in the syntax condition. We had expected
performance to be near ceiling here too, given that because
these are nonwords, the correct response of “no” in the noun
decision task should have been straightforward; however, it
appears that participants in this condition were attempting to
attribute morphosyntactic properties to the nonword items,
consistent ~with  results from investigations using
“Jabberwocky” speech (e.g., Johnson and Goldberg, 2013).

Mean accuracy and RT for the three exposure conditions
(collapsing across item type) are shown in Fig. 1. To com-
pare performance during exposure among the three exposure
conditions, accuracy and RT were analyzed in separate
mixed-effects models. For accuracy, individual trial
responses (0 = incorrect, 1 = correct) were fit to a general-
ized linear mixed-effects model using the glmer() function
with the binomial response family as implemented in the
Ime4 package (Bates et al., 2015) in R (http://www.r-projec-
t.org); all test statistics and p-values represent the calcula-
tions from the glmer() function. The model contained
exposure as a fixed effect, which was entered as two

TABLE I. Mean accuracy (proportion correct) and standard error of the mean (in parentheses) during exposure for each exposure condition and each of the
four item types. The “eLexical” label refers to participants who were explicitly told of the speaker’s ambiguous / [/ productions.

Item Type
Experiment Exposure /.['/ /s/ Filler Nonword
1 Amplitude 0.947 (0.015) 0.939 (0.014) 0.943 (0.014) 0.932 (0.012)
Lexical 0.955 (0.013) 0.990 (0.005) 0.940 (0.010) 0.924 (0.014)
Syntax 0.865 (0.017) 0.927 (0.012) 0.891 (0.017) 0.769 (0.051)
2 eLexical 0.925 (0.023) 0.993 (0.004) 0.940 (0.008) 0.915 (0.019)
Lexical 0.963 (0.011) 0.995 (0.003) 0.922 (0.008) 0.937 (0.008)
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TABLE II. Mean reaction time (in milliseconds) and standard error of the
mean (in parentheses) to correct responses during exposure for each expo-
sure condition and each of the four item types in experiment 2. The
“eLexical” label refers to participants who were explicitly told of the speak-
er’s ambiguous / [/ productions.

Item Type
Experiment  Exposure /.f/ /s/ Filler Nonword
1 Amplitude  812(49) 830 (48) 826(50) 816 (48)
Lexical 923 (86)  929(87) 906 (83) 1062 (100)
Syntax 1469 (59) 1439 (74) 1498 (65) 1519 (79)
2 eLexical 1047 (52) 991(32) 1028 (36) 1182(51)
Lexical 976 (34) 957 (30) 985 (32) 1103 (45)
orthogonal contrasts, one for Lexical vs Amplitude

(Amplitude = —1/2, Lexical = 1/2, Syntax = 0) and one for
Syntax vs Lexical and Amplitude (Amplitude = -1/3,
Lexical = —1/3, Syntax = 2/3). The model also contained
random intercepts by subject and item. The model showed
no significant effect for the lexical vs amplitude contrast
(#=-0.160, SE=0.268, z=-0.598, p=0.550), but
revealed that accuracy in the syntax condition was signifi-
cantly lower compared to the lexical and amplitude condi-
tions (f = —1.148, SE=0.224, z= —5.131, p < 0.001).
Trial-level, log-transformed response times were fit to a
mixed-effects model using the Imer() function from the Ime4
package (Bates et al., 2015) in R; the Satterthwaite approxima-
tion of the degrees of freedom was used to calculate p-values
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as implemented using the ImerTest package (Kuznetsova
et al., 2015). The fixed and random effects structure was iden-
tical to that described above for the accuracy model. The
model showed no significant difference in RT between the
Lexical and Amplitude conditions (f=0.086, SE=0.142,
t=0.608, p =0.546), though RT in the Syntax condition was
significantly slower compared to the Lexical and Amplitude
conditions (f = 0.570, SE =0.122, t =4.680, p < 0.001).
Performance at test was measured in terms of ASHI
responses. Figure 1, panel (c) shows mean ASHI responses
as a function of continuum step for the three exposure condi-
tions and the control condition; continuum is plotted in terms
of percent /[/ energy in the fricative blend for each contin-
uum step. Prior to calculating mean ASHI responses for the
three exposure conditions, mean proportion ASHI responses
was calculated separately for each participant for each step
of the test continuum. Visual inspection suggests that all
three exposure groups show evidence of perceptual learning
in that there are more ASHI responses for these conditions
compared to the control group; no robust differences among
the three exposure conditions are readily apparent. To exam-
ine this pattern statistically, individual trial level responses
(0=ASI, 1 =ASHI) were fit to a generalized linear mixed-
effects model using the glmer() function from the Ime4 pack-
age in R with the binomial response family. Exposure was
specified as a fixed effect by three orthogonal contrasts, one
that examined performance between the control condition
and the three exposure conditions (Control = —3/4,
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Amplitude = 1/4, Lexical = 1/4, Syntax = 1/4), one that
examined the comprehension-oriented conditions to the
perception-oriented condition (Control = 0, Amplitude
= —2/3, Lexical = 1/3, Syntax = 1/3), and one that exam-
ined performance for the Syntax compared to the Lexical
condition (Control = 0, Amplitude = 0, Lexical = —1/2,
Syntax = 1/2). The model also contained Continuum Step
(scaled and centered around the mean, specified in terms of
percent /[/ energy) and the interaction between Continuum
Step and Exposure as fixed effects, with random intercepts
by subjects and random slopes by subject for Continuum
Step. The model showed a main effect of Continuum Step
(f=3.375, SE=0.235, z=14.362, p <0.001), indicating
that ASHI responses increased as did percent /[/ energy in
the test continuum. There were more ASHI responses in the
exposure conditions compared to the control condition
(=2.002, SE=0.446, z=4.493, p <0.001), which is evi-
dence of perceptual learning. There was no significant differ-
ence in ASHI responses for the comprehension-oriented
exposure conditions compared to the perception-oriented
exposure condition (f=—0.139, SE=0.595, z=-0.233,
p=0.816), nor was there a significant difference in ASHI
responses between the Syntax and Lexical conditions
(f=-0.019, SE=0.675, z=—0.029, p =0.977). The model
showed a significant interaction between Continuum Step
and Exposure for the exposure vs control contrast
(#=1.371, SE=0.403, z=3.398, p < 0.001); indicating that
the learning effect was not the same at all continuum steps.
As can be viewed in Fig. 1, panel (c), mean ASHI responses
for three exposure groups separate from the control group
near the midpoint of the test continuum, extending towards
the /afi/ end of the continuum. The interaction between
Continuum Step and Exposure was not reliable for the con-
trast between perception- and comprehension-oriented expo-
sure conditions (5 =0.240, SE =0.557, z=0.431, p =0.666)
or for the contrast between the Lexical and Syntax exposure
conditions (f = —0.440, SE =0.642, z = —0.684, p =0.494).

lll. EXPERIMENT 2

In experiment 1, we observed processing differences dur-
ing exposure among the three conditions; increased processing
demands of the task resulted in increased reaction times, in
line with depth of processing findings (Craik and Tulving,
1975). We also observed robust phonetic recalibration across
all exposure conditions. All three experimental groups differed
from the control group at test, and the magnitude of learning
did not statistically differ among the exposure conditions, sug-
gesting that attending to different aspects of the stimuli during
exposure did not influence the robustness of lexically guided
perceptual learning. The data from experiment 1 suggest that
supporting lexical context is sufficient to guide phonetic recali-
bration, independently of listening strategy.

Findings from experiment 1 suggest that listening strat-
egy did not influence lexically guided perceptual learning.
However, listening strategy can be manipulated in a number
of different ways. While experiment 1 used an exposure task
to direct a perception- or comprehension-focused listening
strategy, it has been argued that listening strategy can also
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be manipulated through pragmatic knowledge about the
speaker. McAuliffe and Babel (2016) invoked a perception-
oriented listening strategy by giving listeners explicit knowl-
edge of potentially ambiguous input during exposure and
found diminished perceptual learning compared to listeners
who were not explicitly told of the ambiguity. Here we pro-
vide an additional test of the role of listening strategy on per-
ceptual learning. Two groups of listeners were exposed to an
ambiguous fricative using the lexical decision exposure task
of experiment 1. One group of listeners was made explicitly
aware of the anomalous input; the other group was not. If
explicit knowledge of the ambiguity creates a barrier to per-
ceptual learning, then the magnitude of learning observed at
test will differ between the two exposure conditions.
However, conclusions from Kraljic et al. (2008) support an
alternative prediction; namely, that if listeners treat the
explicit knowledge of the ambiguity as informing a charac-
teristic of the speaker, then listeners will show robust lexi-
cally guided perceptual learning.

A. Methods
1. Participants

Forty participants between the ages of 18 and 31 years
(M =20, SD =2; 22 males) participated in experiment 2 and
were compensated with course credit or monetary payment.
Participants were randomly assigned the explicit Lexical
(eLexical, n=20) or Lexical (n=20) exposure conditions.
The same participants (n=40) for the control group in
experiment 1 were also used as the control group in experi-
ment 2. All participants were monolingual speakers of
American English with no reported history of speech, lan-
guage, or reading disorders. All participants passed a pure
tone hearing screening (administered at 20dB for octave
frequencies between 500 and 4000 Hz) on the day of testing.

2. Stimuli

The exposure and test stimuli were identical to those
used in experiment 1

3. Procedure

For participants in the lexical group, the procedure was
identical to that used for the participants in lexical exposure
condition of experiment 1. For participants in the explicit lexi-
cal group (i.e., the eLexical condition), the procedure was the
same with one exception: these participants were given the
following extra set of instructions during exposure, “be aware
that this speaker’s /f/ sounds are sometimes ambiguous, or
sound funny, so listen carefully so as to choose the correct
response.” This extra instruction was used to orient this group
of listeners towards a perception-focused listening strategy
following the instructions provided by McAuliffe and Babel
(2016) in their perception-oriented manipulation.

B. Analysis and results

The exposure and test phases were analyzed separately.
Performance during exposure was measured in terms of
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accuracy and reaction time to correct responses (RT) as
described for experiment 1. Reaction times were log-
transformed to better approximate a normal distribution, and
outlier RTs (defined as log RTs exceeding three standard
deviations of each participant’s mean log RT) were excluded
from further analysis; these outliers consisted of 78 RTs out
of 7486 correct responses, representing 1% of the total RT
data. For each subject, mean accuracy and RT were calcu-
lated separately for each of the four item types; mean accu-
racy and RT across participants in each exposure group is
shown in Tables I and II, respectively.

Performance between the two exposure conditions for
accuracy and RT was compared in separate mixed-effects
models. For accuracy, individual trial responses
(0 =1incorrect, 1 =correct) were fit to a generalized linear
mixed-effects model using glmer() in R with exposure as a
fixed effect (contrast-coded; eLexical = —0.5, Lexical =0.5)
and random intercepts by subject and by item. The effect of
exposure was not reliable (5 =0.125, SE =0.201, z=0.624,
p=0.533). For RT, trial-level log-transformed reaction
times to correct trials (excluding outlier log RTs) were fit to
a linear mixed-effects model using lme4() in R with expo-
sure as a fixed effect (contrast-coded; eLexical =—0.5,
Lexical = 0.5) and random intercepts by subject and by item;
the model showed no main effect of exposure (= —0.040,
SE =0.047, t =—0.844, p = 0.404).

Performance at test was measured in terms of ASHI
responses. Figure 2, panel (c) shows mean ASHI responses as

a function of continuum step for the two exposure conditions
and the control condition; note that the control condition here
is the same group of participants used as the control condition
in experiment 1. Prior to calculating mean ASHI responses
for the two exposure conditions, mean proportion ASHI
responses was calculated separately for each participant for
each step of the test continuum. To analyze performance
among the conditions, individual trial-level responses
(0=ASI, 1 =ASHI) were fit to a generalized linear mixed-
effects model using glmer() in R, as described for experiment
1. Exposure was entered as a fixed effect specified by two
orthogonal contrasts, one that examined performance in the
two exposure conditions to the control condition (Control =
—2/3, eLexical = 1/3, Lexical = 1/3) and one that examined
performance in the perception-oriented exposure condition to
the comprehension-oriented exposure condition (Control = 0,
eLexical = —0.5, Lexical = 0.5). The model also contained
Continuum Step as a fixed effect (scaled and centered around
the mean, specified in terms of percent /[/ energy), random
intercepts by subjects, and random slopes by subject for
Continuum Step. The model revealed a main effect of
Continuum Step ($=3.322, SE=0.246, z=13.516,
p < 0.001), indicating more ASHI responses were provided as
/[/ energy increased in the test continuum. There were more
ASHI responses in the exposure conditions compared to the
control  condition (f=1.737, SE=0.511, z=3.397,
p <0.001), but there was no significant difference in ASHI
responses between the elLexical and Lexical exposure
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conditions (ff=—0.211, SE=0.712, z=—-0.296, p=0.767).
There was no interaction between Continuum Step and
Exposure for the Lexical vs eLexical contrast (= —0.582,
SE=0.600, z=—-0.970, p =0.332), but there was a reliable
interaction between Exposure and Continuum Step for the
contrast comparing the exposure conditions (eLexical and
Lexical) to the control group (#=1.515 SE=0.410,
z=23.694, p < 0.001). This latter interaction confirms that the
learning effect for the exposure conditions was not equivalent
across the test continuum; as shown in Fig. 2, panel (c), mean
ASHI responses for the two exposure conditions are similar to
the control condition at the /s/ end of the test continuum, with
performance separating near the midpoint of the continuum.

IV. DISCUSSION

The goal of the current set of experiments was to exam-
ine the influence of listening strategy on lexically guided
perceptual learning. Previous research has shown equivocal
results. On the one hand, some findings suggest that learning
may be attenuated when listeners use a perception-oriented
listening strategy during exposure (McAuliffe and Babel,
2016; Scharenborg et al., 2015). On the other hand, some
findings document robust lexically guided perceptual learn-
ing even when the exposure task directs attention towards
surface features of the stimulus (Samuel, 2016; McQueen
et al., 2006; van Linden and Vroomen, 2007). Here, we
directly compared the magnitude of the lexically guided per-
ceptual learning effect as a consequence of exposure tasks
that were designed to differentially promote perception or
comprehension-oriented listening strategies. Critically, the
exposure (and test) stimuli were identical across exposure
conditions, and thus listening strategy was manipulated inde-
pendently of lexical context.

In experiment 1, there was no evidence that the magni-
tude of perceptual learning differed depending on whether
attention was directed towards amplitude, lexical, or syntac-
tic properties of the stimuli during exposure. In experiment
2, there was no evidence indicating that knowledge of the
speaker’s atypical productions diminished learning com-
pared to those were not explicitly told of the ambiguity.
Thus, the results of both experiments converge to provide no
evidence that learning was attenuated for perception-
oriented compared to comprehension-oriented listening strat-
egies. This finding contributes to a wide body of literature
demonstrating the robustness and automaticity associated
with phonetic retuning. Previous research has shown that
lexically guided perceptual learning can create changes to
speech sound categories that are resistant to time delay
(Eisner and McQueen, 2006) and that generalize across word
position (Jesse and McQueen, 2011), speakers (Kraljic and
Samuel, 2006, 2007), speech sounds (e.g., Kraljic and
Samuel, 2006), and languages (Reinisch et al., 2013).
Lexically guided perceptual learning may also occur regard-
less of whether the listener is asked to engage with the audi-
tory input explicitly (e.g., McQueen et al., 2006). Indeed,
previous research has suggested that local lexical informa-
tion may act as a teaching signal during phonetic categoriza-
tion, providing direct feedback as to how that speech sound
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should be classified, and may be a process that is automati-
cally initiated without explicit attentional resources (e.g.,
Norris et al., 2003; Samuel, 2016). Our work is in line with
these findings and demonstrates that for the perception-
focused tasks employed here, supporting lexical context is
sufficient to allow phonetic recalibration to occur.

Our results of robust phonetic recalibration regardless of
listening strategy differ from conclusions of previous work
that observed attenuated perceptual learning (McAuliffe and
Babel, 2016). McAuliffe and Babel (2016) suggested that lis-
tening strategy underlies why perceptual learning was attenu-
ated under some of their perception-oriented listening
manipulations. An alternative explanation could be the lexical
context in which the ambiguity was presented. In the current
experiments, supporting lexical context was held constant
during exposure, with the ambiguity always presented in a
word-medial position. This position allows the listener access
to surrounding lexical cues as the auditory stream unfolds,
which is weakened when the ambiguity is presented in a
word-initial position. Previous research examining positional
effects on lexically guided perceptual learning has demon-
strated attenuated perceptual learning when the ambiguity is
placed in a word-initial position (Jesse and McQueen, 2011).
Another distinction between current and previous work is the
nature of the test continuum. Learning was assessed in
McAuliffe and Babel (2016) for word continua (e.g., sin -
shin), with the critical fricative presented in the word-initial
position. The current study assessed learning in a nonword
context, in line with the standard lexically guided perceptual
learning paradigm (e.g., Kraljic and Samuel, 2005; Myers and
Mesite, 2014; Samuel, 2016; Drouin et al., 2016). Using a lex-
ical context at test may have implicitly affected how learning
was assessed given findings demonstrating influences of lexi-
cal status and word frequency on phonetic categorization
(Ganong, 1980; Fox, 1984). Moreover, the position of the crit-
ical fricative (i.e., word-medial) was held constant between
exposure and test in the current work. It may be the case that
if the test continuum presented the critical fricative in a novel
position (i.e., word-initial), then differences in listening strat-
egy during exposure may be observed with respect to general-
ization of learning to a novel word position (in addition to
novel lexical items).

In the current work, a perception-focused listening strat-
egy was induced in two ways: (1) by explicitly alerting lis-
teners to the talker’s ambiguous speech, as in McAuliffe and
Babel (2016), and (2) through completion of a task during
exposure (i.e., loudness decision) that could be performed
without a linguistic analysis of the signal. These are but two
of many different tasks that could promote attention to sur-
face variation, and thus induce a perception-oriented listen-
ing strategy, and future work is needed to determine whether
learning for other perception-oriented listening strategies
will show the same patterns as the current results. Of note,
the loudness judgment task represents a global listening
strategy that could be performed equivalently for all items
during exposure. That is, this task was designed to shift
attention to amplitude during exposure as a gestalt, and not
to differentially affect any particular stimulus. An alternative
approach consistent with a perception-focused listening
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strategy would be a task that requires explicitly processing
surface detail for the critical phoneme, such a goodness
judgment task of the critical fricatives during exposure. This
type of task would link the perception-focused listening
strategy to a linguistic context, in contrast to the non-
linguistic context used presently, and may yield differential
effects on perceptual learning as a consequence.

One challenge for future work that examines the role of
listening strategy on perceptual learning is to a priori opera-
tionalize tasks that induce perception- vs comprehension-
focused listening strategies, and to be able to measure whether
the intended listening strategy was in fact achieved. In experi-
ment 1, there is some evidence of differential listening strate-
gies during exposure to the extent that reaction time in the
perception-oriented, loudness judgment task was faster com-
pared to the two comprehension-oriented tasks. This differ-
ence in processing time is consistent with differential depth of
processing. In experiment 2, there is no way to objectively
confirm that a different listening strategy was used between
listeners who were or were not explicitly aware of the ambi-
guity in that no differences in performance during exposure
were observed. This latter point reflects a limitation of the cur-
rent study. Additional investigations that use tasks for which
the intended listening strategy can be confirmed will advance
an understanding of how differential engagement with the
exposure stimuli interacts with perceptual learning. Another
important avenue for future research is to better specify the
mechanisms by which listening strategy influences learning.
In both previous work and the current work, it is presumed
that a perception-oriented listening strategy shifts attention to
surface variation (i.e., non-linguistic aspects of the stimuli)
whereas a comprehension-focused listening strategy shifts
attention to the semantic content of the stimulus. As elegantly
outlined in McAuliffe and Babel (2016), such shifts in selec-
tive attention may serve to influence the degree to which top-
down lexical feedback is used for perceptual learning or the
degree to which error-driven learning signals may be localized
to earlier levels of processing.

To conclude, future research is aimed at understanding
how external factors beyond local lexical context influence
the learning mechanism. Recall that in experiment 2, half of
our experimental participants received an extra instruction to
alert them of the ambiguity in the signal. We observed robust
perceptual learning with this manipulation, which converges
with McAuliffe and Babel’s (2016) most perception-oriented
condition (word-initial + explicit knowledge of ambiguity),
but differs from one of their intermediate condition (word
medial + explicit knowledge of ambiguity). The degree to
which lexical context and knowledge about the speaker’s
production interact to affect the learning mechanism requires
further research in order to explicate which factors receive
the greatest weight in determining changes in phonetic cate-
gory structure, which could shed light on the differences in
learning outcomes using perception-oriented manipulations.
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