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ABSTRACT

How does cognitive inhibition influence speaking? The Stroop effect is a classic demonstration of
the interference between reading and color naming. We used a novel variant of the Stroop task to
measure whether this interference impacts not only the response speed, but also the acoustic
properties of speech. Speakers named the color of words in three categories: congruent (e.g.,
red written in red), color-incongruent (e.g., green written in red), and vowel-incongruent —
those with partial phonological overlap with their color (e.g., rid written in red, grain in green,
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and blow in blue). Our primary aim was to identify any effect of the distractor vowel on the
acoustics of the target vowel. Participants were no slower to respond on vowel-incongruent
trials, but formant trajectories tended to show a bias away from the distractor vowel, consistent
with a phenomenon of acoustic inhibition that increases contrast between confusable alternatives.

Introduction

In everyday conversation as well as in the speech lab-
oratory, words compete for selection. Evidence of
competitors can be found in subtle variations in the
way that an individual pronounces a word. For
example, close analysis of a tongue-twister pro-
duction such as “she sells seashells” might find that
the acoustic energy of /s/ partially resembles that of
/[/. These subthreshold modulations reflect a hybrid
of the target and the competitor, suggesting the cas-
cading activation of more than one phonological plan
(Goldrick & Blumstein, 2006) and/or multiple concur-
rent articulatory gestures (Goldstein et al., 2007;
Mowrey & MacKay, 1990). On the other hand, some
forms of competition naturally arise from the linguis-
tic system but seem to have the opposite acoustic
effect: the existence of a minimal-pair neighbour
(e.g., sheep and ship, but not steep and *stip) causes
speakers to increase the phonetic distance between
the vowels that distinguish them (Clopper & Tamati,
2014; Wedel et al, 2018). Thus, in some contexts,
the competitor intrudes upon the target, yielding an
intermediate production, but in other contexts, the
competitor’s influence is contrastive, exaggerating
the distance between itself and the intended target.

The goal of the current study was to determine
how sublexical competition from a salient distractor
affects the acoustic properties of speech. To this
end, we took advantage of the classic Stroop (1935)
color-word effect, in which reading interferes with
color naming such that individuals are slower to
name an incongruent text color (e.g., the word red
written in green) than a congruent text color (e.g.,
the word blue written in blue). The Stroop task is a
powerful and reliable way to activate competing
information (MacLeod, 1991). In fluent readers,
visual word presentation automatically activates
acoustic and phonological as well as semantic rep-
resentations (Booth et al., 1999; Mousikou et al.,
2015; Rayner et al., 1995). Variations of the Stroop
paradigm have previously shown that phonological
characteristics of the written word (henceforth “the
distractor”) influence the speed of performance
(Berent & Marom, 2005; Dennis & Newstead, 1981;
Sumiya & Healy, 2004). As evidenced by errors and
slowed reaction times, a top-down control process
— referred to as cognitive inhibition or intentional inhi-
bition (Harnishfeger, 1995; Pompon et al., 2015) — is
required to overcome the distractor and articulate
the target color name. To our knowledge, however,
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no study has examined whether resolving Stroop-like
interference has consequences for how — not only
how quickly — the target is pronounced.

How might this interference manifest in pronuncia-
tion? One hypothesis is that the prepotent activation
of the distractor spreads to the articulatory level: that
is, the salient but irrelevant orthographic stimuli in
this task are unconsciously integrated into speech
motor plans despite attempts to ignore them. If mul-
tiple sound representations are active at the same
time, the result may be a kind of phonetic average,
a biasing of target acoustics towards the distractor.
This “attraction” outcome is plausible under models
of speech production in which coactivation of mul-
tiple competing representations cascades to down-
stream levels of processing (Rapp & Goldrick, 2000).
Another hypothesis is that it is the ultimately success-
ful inhibition of the distractor which spreads down-
stream to affect articulation. If two representations
exist as neighbours in a continuous feature space,
the suppression of one region (by cognitive inhi-
bition, perhaps) may drive dissimilation of the other
representation, biasing its acoustics away from
those of the suppressed distractor (Stern & Shaw,
2023). This “repulsion” outcome highlights how the
communicative and informational context may gen-
erate more distinct, contrastive pronunciations
(Tilsen, 2013): faced with two competing represen-
tations, speakers avoid pronunciations close to the
interfering word.

Here we administered the traditional congruent
and color-incongruent Stroop conditions, and intro-
duced a novel “vowel-incongruent” condition in
which distractors were not conceptually-related
color names but words sharing the majority of their
orthographic and phonological structure with the
targets. Each vowel-incongruent distractor differed
from its corresponding target only in its vowel
nucleus, allowing us to measure, as our primary aim,
the effect of a distractor vowel on the pronunciation
of another vowel that shares the same consonant
frame. We therefore focused our acoustic analyses
on the first and second formant frequencies (F1 and
F2), which together provide the primary cues to
vowel identity. By comparing how a word is pro-
nounced with congruent vs. incongruent external
cues, we aimed to determine whether responses in
the Stroop framework are better characterized by
attraction (of the target’'s formants toward the

distractor) or by repulsion (of the target’s formants
away from the distractor). We also considered alterna-
tive potential outcomes: incongruent information
may disrupt speech planning in a general way, yield-
ing more variable utterances (Dromey & Bates, 2005;
Kleinow & Smith, 2006; Oostwoud Wijdenes et al.,
2016; see also Goldrick & Blumstein, 2006), or it may
have no effect on spoken acoustics, such that cogni-
tive interference slows vocal responses but is other-
wise independent of the implementation details of
articulation. Across two participant samples, we find
reliable evidence that cognitive inhibition of a phono-
logically-similar written word during speech pro-
duction biases spoken acoustics away from that
word, suggesting a phenomenon of dacoustic
inhibition.

Materials and methods
Participants

Two independent samples were recruited for this
study. The original sample included 17 healthy
adults (9 females and 8 males; mean age=19.70
years, SD=0.77 years) and the replication sample
included 18 healthy adults (13 females and 5 males;
mean age =20.94 years, SD=2.29 years). All were
native speakers of American English and reported
normal hearing, normal or corrected-to-normal
vision, and no history of speech or language dis-
orders. Participants provided informed consent and
were compensated for their time. The study was over-
seen by the Institutional Review Boards of Boston Uni-
versity (original sample) and the University of
Wisconsin-Madison (replication sample). Except
where stated otherwise, results refer to data from
the original sample.

Stimuli

Experimental stimuli are shown in Figure 1(a). Con-
gruent stimuli consisted of the words red (/1ed/),
green (/giin/), and blue (/blu/) printed in their corre-
sponding colors (RGB values: red =[255, 0, 0]; green
=[84, 204, 51]; blue = [0, 50, 255]). Vowel-incongruent
stimuli consisted of the words rid (/nd/) and rad
(/12ed/) printed in red; grin (/gun/) and grain
(/giein/) printed in green; and bleed (/blid/) and
blow (/blou/) printed in blue. In other words, to the
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Figure 1. Experimental stimuli. (A) Visual stimuli shown to participants during the main experiment. (B) Word productions plotted in
vowel space: the centre of each word is located at the (F1, F2) coordinate representing its median formant values, measured at the
middle 50 percent of the syllable, when pronounced by participants in a neutral context prior to the main experiment. Lines between
words illustrate the change in formants that would constitute attraction by the distractor. (Note that the shades of red, green, and blue
in (B, left) did not appear in the experiment, but introduce the color-coding scheme for subsequent figures in which results for each

distractor have a characteristic color.)

extent possible in the English lexicon, the consonant
frame of the target color name was held constant
and the vowel was replaced with one that would
yield a familiar, pronounceable word. Color-incongru-
ent stimuli consisted of the words green and blue
printed in red; red and blue printed in green; and
red and green printed in blue. All words were pre-
sented in lowercase Arial typeface and centred on a
black background.

Procedure

Participants performed a modified version of the
Stroop task lasting between 30 and 45 min. They
were seated in front of a computer screen in a quiet
testing room and spoke into an adjustable, head-
worn condenser microphone (AKG Pro Audio C520)
placed approximately one inch from the corner of
the mouth. Verbal responses were recorded at a
sampling rate of 11025 Hz. In all cases, stimuli were
presented one at a time for 1000 ms and followed

by a blank screen for a randomly selected duration
of between 750 and 1500 ms. The task was adminis-
tered using MATLAB (Mathworks, Natick, MA) with
Psychtoolbox extensions (Brainard, 1997).

We first established, in a neutral context, formant
frequencies for the nine words in the experiment.
Each was presented in white text ten times in a
random order. Participants were instructed, “Please
read each word aloud as quickly and accurately as
possible.” These formant values were later used to
construct individual vowel spaces for calculating the
magnitude and direction of formant changes.

We then established a baseline color-naming
latency. Red, green, and blue circles were shown 30
times each. Participants were instructed, “Please
name the COLOR aloud as quickly and accurately as
possible.” These data were not analyzed in the
current study.

The main experimental task was performed last. It
comprised congruent, vowel-incongruent, and color-
incongruent trials, as described above, presented in
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random order. There were 40 trials of each of three
congruent stimuli, 40 trials of each of six vowel-incon-
gruent stimuli, and 20 trials of each of six color-incon-
gruent stimuli, for a total of 480 trials. Participants
were instructed, “Please name the COLOR aloud as
quickly and accurately as possible.” Short breaks
were given after every 48 trials.

As part of a larger Stroop experiment with the
same structure, participants in the replication
sample encountered trials identical to a subset of
those presented to the original sample, namely: the
words red, rid, rad, green, and blue written in red, all
requiring the verbal response “red.” These results
are presented alongside those from the original
sample for ease of comparison. Full details of the
replication experiment are provided in the Appendix
under Supplementary Methods.

Analysis

Errors

Error trials were defined as those in which the partici-
pant’s first utterance was not the full, undistorted
name of the stimulus color. Common error types
included interference (reading the word instead of
naming the color), distortion (laughing or coughing
during production), vocal hesitation (“uh blue”),
restarting (“r red”), hybridization (“gred”), and self-cor-
rection (“bl green”). Error trials were identified by
trained research assistants and removed from each
participant’s data prior to reaction-time and acoustic
analysis. To measure the effect of experimental con-
dition on error rates, participants’ percentages of
error trials were analyzed in a repeated-measures
analysis of variance (ANOVA) via the rstatix package
(Kassambara, 2021) in R (R Core Team, 2021). The
measure of effect size was partial eta squared (nﬁ).
Where appropriate, post-hoc paired t-tests were con-
ducted with the Bonferroni correction for multiple
comparisons and Cohen’s d as a measure of effect
size.

Reaction time

The purpose of the reaction-time analysis was
twofold: to ensure that the color-incongruent con-
dition replicated the classic Stroop effect of longer
latencies as compared to the congruent condition,
and to determine whether the novel vowel-

incongruent condition also produced chronometric
evidence of interference.

Reaction time was calculated as the latency of
voicing onset with respect to visual stimulus onset
on each trial. To accommodate the skewed distri-
bution of raw reaction times without transformation,
we modelled reaction time as an inverse Gaussian dis-
tribution and applied a generalized linear mixed-
effect model (Bates et al., 2015; Lo & Andrews, 2015)
with a fixed factor of condition, random intercepts
for participants, and random by-participant slopes
for condition. Significance was evaluated with a
type-lll Wald chi-square (x°) test (Fox & Weisberg,
2019), and post-hoc tests were conducted using
Tukey contrasts via the multcomp package (Hothorn
et al., 2008) in R.

Formants

The first and second formant frequencies (F1 and F2)
were tracked using wave_viewer (Niziolek & Houde,
2015), a MATLAB interface to Praat software
(Boersma & Weenink, 2021). Pre-emphasis values
and linear predictive coding order were defined for
each participant and color name; errors in formant
tracking were resolved by manually adjusting these
parameters on a trial-by-trial basis.

Two procedures were used to extract formant
values. The first procedure captured all values
between the onset and the offset of voicing in each
trial, such that data across participants and trials
were aligned to voicing onset at time =0 (“voicing-
aligned”). Voicing boundaries were marked by
trained research assistants, blind to condition, using
landmarks in the waveform and spectrogram (i.e.,
visible periodicity) and in the amplitude trace. The
second procedure used timestamps for the onset
and offset of each phone, generated by the Montreal
Forced Aligner (McAuliffe et al., 2017), to align the
formant data to vowel onset at time=0 (“vowel-
aligned”). Given that the onset of voicing occurs,
with variable timing, within the /1/ segments of
“red” and “green” and the /I/ segment of “blue”, this
second procedure assesses which effects specifically
occur in the vowel. Voicing-aligned results are
reported in the main text. Vowel-aligned results are
summarized in the main text, with figures provided
in the Appendix. Except where stated otherwise,
results refer to voicing-aligned data.



Extracted formant trajectories for each trial were
then zero-phase filtered with an eight-point
Hamming window and converted to the logarithmic
mel frequency scale, a perceptually-based alternative
to the Hertz scale based on human sensitivity to pitch
changes (O’'Shaughnessy, 1987). Except where noted
otherwise, all data processing and analysis were per-
formed in MATLAB 2020b (Mathworks, Natick, MA).

To identify the acoustic effects of incongruent infor-
mation during color naming, the average F1 and F2 fre-
guencies were first calculated at each time point across
all congruent trials, producing a baseline trajectory for
each participant and color word. This congruent base-
line average was then subtracted from each corre-
sponding vowel-incongruent trial and color-
incongruent trial (i.e., the formants of “red” were only
compared to those of other productions of “red”
under different conditions). These values formed the
F1 difference and F2 difference metrics, representing
how a color word is pronounced differently in the pres-
ence of incongruent information.

To translate F1 and F2 differences into movement
in two-dimensional vowel space, we first defined
vectors between the stimulus words as produced by
each participant in the neutral context. To obtain an
estimate of these vowels’ steady-state formants, we
used the median F1 and F2 values taken from the
middle 50 percent of each voicing-aligned formant
track. Then, for each incongruent trial and at each
time point, we collapsed the two formant differences
into a single deviation by calculating the Euclidean
distance from baseline to production in F1-F2 space.
Finally, to quantify the degree to which this pro-
duction constituted an attraction vs. a repulsion by
the distractor, we computed the scalar projection of
this deviation vector onto the neutral target-to-dis-
tractor vector (Niziolek & Guenther, 2013). The com-
ponent of this formant deviation that lies along the
neutral vector has a positive value and indicates
attraction, corresponding to an acoustic bias
towards the distractor. When this metric takes on a
negative value, it indicates repulsion — an acoustic
bias away from the distractor — such that a com-
ponent of the deviation lies along the inverse of the
neutral vector. When this metric takes on a value of
0, it indicates no formant bias or a bias that is orthog-
onal to the neutral vector.

Significance of the F1 difference, F2 difference, and
attraction/repulsion metrics was evaluated across
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time points (3-ms resolution) with control of the
false discovery rate (corrected p < 0.05; Benjamini &
Hochberg, 1995). Specifically, we took the following
three-step approach: (1) We tested whether the
incongruence manipulations had any significant
effect on formant values. As F1 difference and F2 differ-
ence already represented distances from baseline, we
performed trialwise two-tailed, one-sample t-tests on
each time point of the difference trajectories associ-
ated with each distractor. (2) We then tested whether
F1 and F2 differences were distractor-specific. If
different distractors are associated with different
formant changes, it suggests a linguistic effect of the
distractor rather than a nonspecific effect of incongru-
ent information on speech production. Here we con-
ducted trialwise two-tailed, two-sample t-tests on the
distractors’ difference trajectories within each color
and condition: rid vs. rad during “red”, grin vs. grain
during “green”, bleed vs. blow during “blue” (vowel-
incongruent condition); green vs. blue during “red”,
red vs. blue during “green”, red vs. green during
“blue” (color-incongruent condition). (3) Finally, we
tested for reliable attraction/repulsion using trialwise
two-tailed, one-sample t-tests. Biases towards or
away from the distractor were defined as statistically
significant positive or negative values, respectively, of
the attraction/repulsion distance.

Duration
In order to choose an appropriate time window for
formant analysis, we first determined the average syl-
lable duration, measured from voicing onset to
voicing offset, across all correct trials for each
spoken color name: “red”: mean=229ms, SD=
63 ms; “green”: mean =264 ms, SD=76 ms; “blue”:
mean =279, SD=84 ms. We chose to analyze the
first 200 ms of these utterances so that the majority
of trials (“red”: 65%; “green”: 79%; “blue”: 80%)
would contribute data to every time point in the
test window. For vowel-aligned data, where vowel
onset within the voiced syllable is fixed at time =0,
the test window was shifted to —50-150 ms.
Because we planned to analyze the effect of con-
dition on formant trajectories over time, we then
assessed whether duration varied across the congru-
ent, vowel-incongruent, and color-incongruent con-
ditions. A significant effect of condition was
identified within each color name (“red”: F(2, 30.72)
=6.22, p=0.005; “green”. F(2, 97.37)=6.72, p=
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0.002; “blue”: F(2, 26.16) =5.70, p=0.009). (Each was
analyzed in a linear mixed-effects model with a
fixed factor of condition, random intercepts for par-
ticipants, and random by-participant slopes for con-
dition.) Although statistically significant, these
differences in mean duration by condition were on
the order of 6-10 ms, and so we elected to analyze
the raw trajectories in the main text. However, in
order to increase the reliability of effects across the
time window, we performed ancillary analyses using
duration-normalized formant trajectories. Each F1
and F2 trajectory was normalized by sampling it at
every two percent of its duration, thereby fixing
each duration at 50 samples. These results are sum-
marized in the main text, with figures provided in
the Appendix.

Acoustic variability

An alternative outcome for this study was that, rather
than causing a systematic bias in pronunciation, cog-
nitive interference would have an unsystematic,
destabilizing effect on speech motor performance.
To this end, we investigated whether metrics of
acoustic variability varied by experimental condition.

For formant variability, we first averaged the F1
and F2 values from the middle 50 percent of each
voicing-aligned utterance. We then identified the
median F1 and F2 value within each participant, con-
dition, and color name, and calculated each trial’s dis-
tance in F1-F2 space from that median — the centre
of its distribution. The trialwise distances were sub-
mitted to a linear mixed-effects model (Bates et al.,
2015) with a fixed factor of condition, random inter-
cepts for participants, and random by-participant
slopes for condition. This analysis tests whether pro-
nunciation is more or less variable under greater cog-
nitive load.

To parallel the analysis of systematic vs. unsyste-
matic formant changes by condition, we also investi-
gated systematic vs. unsystematic changes in vocal
pitch. Independent of its potential effect on pronuncia-
tion via articulatory planning, the cognitive effort
needed to resolve interference may cause an increase
in autonomic arousal that impacts laryngeal function
and therefore phonation. The fundamental frequency
(fo) of the speech signal has been found to increase
with increasingly difficult Stroop tasks (Van Segbroeck
et al, 2014; but cf. MacPherson et al, 2017). For
mean f,, we averaged f,, as calculated by wave_viewer,

from the middle 50 percent of each voicing-aligned
utterance and submitted the trialwise f, values to a
linear mixed-effects model with a fixed factor of con-
dition, random intercepts for participants, and
random by-participant slopes for condition. This analy-
sis tests whether the three Stroop conditions, reflecting
various levels of cognitive-linguistic challenge, have
systematic effects on vocal pitch.

Finally, participants may produce a greater range
of fy values under stressful circumstances (Wittels
et al., 2002; but cf. Scherer et al., 2002). For f, variabil-
ity, we first averaged the f; values from the middle 50
percent of each voicing-aligned utterance. We then
identified the median f;, value within each participant,
condition, and color name, and calculated each trial’s
difference from that median. The trialwise differences
were submitted to a linear mixed-effects model with a
fixed factor of condition, random intercepts for par-
ticipants, and random by-participant slopes for con-
dition. This analysis tests whether vocal pitch is
more or less variable under greater cognitive load.

For all three outcome variables, significance at the
0.05 level was evaluated in a type-Ill ANOVA using the
ImerTest package (Kuznetsova et al., 2017), and p-
values were approximated with Satterthwaite's
method for calculating degrees of freedom.

Results
The color-word interference effect

Error and reaction-time analyses confirmed that color-
word incongruence produced interference during
color naming. The percentage of error-free trials sig-
nificantly differed by condition, F(1.07,17.13) = 25.12,
p <0.001, nﬁ, =0.61. This percentage was significantly
lower in the color-incongruent condition (mean=
91.52%) as compared to the congruent condition
(mean =99.26%; t(16) =4.96, p < 0.001, d=1.20) and
to the vowel-incongruent condition (mean = 99.12%;
t(16) =5.20, p < 0.001, d = 1.26), indicating that partici-
pants made more frequent speech errors in the color-
incongruent condition. Error trials were discarded
from further analysis, leaving an average of 119 (out
of a possible 120) trials per participant (SD=2,
range =113-120) in the congruent condition; 238
(out of a possible 240) trials (SD =3, range =228-
240) in the vowel-incongruent condition; and 110
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Figure 2. Reaction time. Thin lines depict data from individual
participants and the thick line depicts the mean and standard
error.

(out of a possible 120) trials (SD =9, range = 87-120)
in the color-incongruent condition.

As shown in Figure 2, reaction times also signifi-
cantly differed by condition, Wald x?*(2) =490.63, p
<< 0.001. Verbal responses were 121 ms slower in
the color-incongruent condition relative to the con-
gruent condition (p <0.001). Reaction times in the
vowel-incongruent and congruent conditions did
not differ significantly (p=0.77).

Effects of vowel incongruence on formants

On vowel-incongruent trials, participants were tasked
with naming the text color (“red”, “green”, or “blue”)
when the written distractor mostly overlapped in pro-
nunciation but differed in vowel nucleus: rid and rad;
grin and grain; bleed and blow. We took a three-step
approach to evaluate effects of the distractor on the
pronunciation of the target utterance, culminating
in an analysis of whether the target is attracted by
or repelled from the acoustic space of the distractor.
Because of their near-linear arrangement in formant
space (Figure 1(b)), we expected that the stimulus
set of rid, red, and rad would provide the clearest evi-
dence for attraction vs. repulsion.

First, we measured the acoustic effect of vowel-
incongruent information. We hypothesized that the
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F1 and/or F2 of the target word would differ
between congruent and vowel-incongruent con-
ditions; e.g., the target “red” would be pronounced
differently in the presence of the written word red
vs. rid. Figure 3(a) shows the average difference over
the time course of the syllable for each distractor
word relative to its congruent-word baseline; signifi-
cant differences are indicated by horizontal lines in
corresponding colors at the bottom of each panel.
Overall, we identified significant differences from
baseline for five out of six distractors. In both the orig-
inal and replication samples, rid significantly altered
the F1 of “red” and rad significantly altered both the
F1 and the F2 of “red”. Grain significantly altered the
F2 of “green”. Bleed significantly altered the F1 and
blow significantly altered both the F1 and the F2 of
“blue”. These results indicate that the presence of
incongruent vowel information influences the acous-
tic properties of speech.

We next investigated whether these effects on F1
and F2 were distractor-specific, indicating a linguistic
influence of the distractor, rather than a general effect
of incongruence. In particular, because the target
“red” lies between rid and rad in formant space,
varying largely along the F1 dimension, we hypoth-
esized that its F1 would be biased in opposite direc-
tions for these two distractors. As indicated by the
horizontal black lines at the bottom of each panel in
Figure 3(a), the F1 of “red” was significantly different
in the presence of rid vs. rad, and this was true in
both participant samples. The F2 of “blue” was signifi-
cantly different in the presence of bleed vs. blow,
which are distinguished primarily by F2.

Having found evidence that incongruent infor-
mation can bias speech acoustics in a word-specific
manner, we next addressed the central question of
this paper: are the acoustic properties of the target
utterance attracted by or repelled from the acoustic
space of a vowel-incongruent distractor? Figure 3(b)
shows a standardized F1-F2 vowel space centred on
the congruent-condition target color word, with
radii representing the average magnitude and direc-
tion of productions in the presence of each distractor.
As shown by the location of the distractors in this
space (thin arrows pointing outward), rid and rad
appeared to repel the formants of “red”, particularly
in the F1 dimension. In other words, the presence of
rid, which has a lower F1 than “red”, is associated
with the production of a higher F1 — and vice versa
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Figure 3. Differences in formant trajectories as a function of vowel-incongruent distractor words. Columns, from left to right, show
data from spoken responses “red” (original sample), “red” (replication sample), “green”, and “blue”. (A) Mean trajectories over time
relative to a congruent-condition baseline are shown for formants F1 (top) and F2 (bottom). Shaded regions depict the standard error
of the trialwise mean. (B) Markers (x and o) represent the average formant change, in F1-F2 space, associated with each distractor,
relative to the congruent-word origin (0,0). Arrows point to the average location, in the same F1-F2 space, of the distractor words
pronounced in a neutral context. Marker data represent averages over time, roughly corresponding to the 100-ms time window
of greatest effect: “red”: 0-100 ms; “green”: 50-150 ms; “blue”: 100-200 ms. (C) Time courses of formant attraction (positive
values) vs. repulsion (negative values) by each distractor. Statistical significance: Horizontal lines at the bottom of panels in (A)
and (C) indicate time points at which the trace of the corresponding color differs significantly from 0; horizontal black lines indicate
time points at which the two trajectories differ significantly from one another.

for the presence of rad: its relatively higher F1 is
associated with the production of a lower F1. These
patterns were observed in both the original and the
replication samples, indicating that formants tend to
become Jess like those of a salient written distractor.
Effects in vowel-incongruent “green” trials appeared

smaller and less consistent. “Blue” trials evidenced
formant changes orthogonal to or away from the dis-
tractor. In Figure 3(c), we quantified attraction/repul-
sion for each distractor word separately by
computing, at each time point in the syllable, the
component of the formant change in F1-F2 space in



the direction of each distractor. In other words, we
computed the scalar projection onto the vector
between the target and the distractor (see Figure 1
(b) for the group-average vector), such that positive
distances indicate attraction and negative distances
indicate repulsion. The magnitude of this distance
reached significance for several distractors (original
sample: blow; replication sample: rid and rad), all of
which showed a significant repellent effect on
target formants. No distractors significantly attracted
target formants.

Duration-normalized analyses

Because of small but significant differences in the dur-
ation of utterances by condition, we repeated the
above analyses with duration-normalized formant tra-
jectories in order to improve reliability across the
entire test window. The overall pattern of results
was largely maintained (Figure S1). In particular,
both participant samples still showed distractor-
specific effects on the F1 of “red”, which corre-
sponded to significant repulsion of “red” by rad in
the replication sample. There were no significant
effects for “green”. For “blue”, results were as
described above, with additional effects of bleed,
which had a significant repellent effect on “blue”
and which differed from blow in F1 as well as F2.

Vowel-aligned analyses

Finally, to assess which formant effects specifically
occurred during the vowel, we repeated our analyses
on trajectories aligned to vowel onset at time=0
(Figure S2). This procedure demonstrated that signifi-
cant and distractor-specific effects on the F1 of “red”
occurred during both the /1/ and /e/ segments.
Additionally, it revealed that rid and rad had signifi-
cant and specific effects on F2 during the vowel
segment, which were not apparent in the voicing-
aligned data. Vowel-alignment confirmed significant
formant repulsion by rid and rad both prior to and
during the vowel (original sample) and by rad prior
to the vowel (replication sample). For “green”, align-
ment revealed that grin altered F2 prior to the
vowel and grain altered F2 during the vowel. This cor-
responded to dynamic effects of grin, attracting
“green” prior to the vowel and repelling it near the
end of the vowel. For “blue”, significant formant
changes were revealed to occur both prior to and
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during the vowel, with the distractor-specific effects
in F2 occurring during the vowel. The sustained repul-
sion of “blue” by blow spanned the /I/ and /u/ seg-
ments. In sum, the vowel-aligned analyses were
consistent in showing largely repellent effects across
multiple distractors.

Effects of color incongruence on formants

On color-incongruent trials, participants were tasked
with naming the text color (“red”, “green”, or “blue”)
of the written word when that word was, itself, a
valid color-name response on other experimental
trials. As evidenced by higher error rates and slower
reaction times, the presence of a color-incongruent dis-
tractor created substantial interference during color
naming. We performed the same formant analyses
on these data to determine whether this classic
Stroop manipulation affected the pronunciation of
the target words. Figure 4(a) shows the average F1
and F2 differences over the time course of the syllable
for each distractor word relative to the same syllable
produced in the congruent condition. All six color-
incongruent distractors yielded statistically reliable
differences in the formant trajectories of the target
words. These differences were evident in both F1 and
F2 and were notably of a larger magnitude than the
vowel-incongruent effects. Distractor-specific effects
(horizontal black lines in Figure 4(a)), in which the
two distractor-influenced trajectories were significantly
different from one another, were evident in “red” (repli-
cation sample) and “green”; in both targets, both F1
and F2 were significantly different between the two
distractors.

The classic Stroop distractor words, in addition to
generating interference, differed greatly from the
target words in their phonological form. We asked
whether, under these conditions of little phonologi-
cal overlap, the observed formant changes corre-
sponded to an increase or a decrease in similarity
of target and distractor vowels. In Figure 4(b) (as
in Figure 3(b)), patterns of attraction/repulsion are
illustrated in a standardized vowel space that is
centred on the congruent production, and Figure
4(c) (like Figure 3(c)) shows only the component
of formant change that aligns with (attraction) or
opposes (repulsion) the target-distractor vector.
Again, these effects tended to be larger than
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Figure 4. Differences in formant trajectories as a function of color-incongruent distractor words. Columns, from left to right, show data
from spoken responses “red” (original sample), “red” (replication sample), “green”, and “blue”. (A) Mean trajectories over time relative
to a congruent-condition baseline are shown for formants F1 (top) and F2 (bottom). Shaded regions depict the standard error of the
trialwise mean. (B) Markers (x and o) represent the average formant change, in F1-F2 space, associated with each distractor, relative to
the congruent-word origin (0,0). Arrows point to the average location, in the same F1-F2 space, of the distractor words pronounced in
a neutral context. Marker data represent averages over time, roughly corresponding to the 100-ms time window of greatest effect:
“red”: 0-100 ms; “green”: 0—100 ms; “blue”: 50-150 ms. (C) Time courses of formant attraction (positive values) vs. repulsion (negative

values) by each distractor. Statistical significance as in Figure 3.

those in the vowel-incongruent condition (note
scale). While the vowel-incongruent condition pro-
duced only significant repellent effects, some
targets in the color-incongruent condition under-
went significant attraction; others, significant repul-
sion. Effects on “red” were similar in magnitude and
direction in the two samples, with sizable repulsion
by blue and orthogonal movement by green; effects

on “green” were largely attractive; and “blue”
demonstrated orthogonal or minor (but significant)
repellent effects.

Duration-normalized analyses

Normalizing the duration of all trials’ trajectories had
minor effects upon these results (Figure S3). Signifi-
cant repellent effects were observed for five of the



eight stimuli; “green” was the only case in which sig-
nificant formant attraction was observed.

Vowel-aligned analyses

By aligning trajectories to vowel onset at time =0, we
observed that effects were present both prior to and
during the vowel in each utterance (Figure S4). For
“red”, the replication sample tended to show earlier
effects than the original sample. Several effects on
“green” were also identified prior to the vowel, including
the attraction by both distractors. For “blue”, the formant
differences and repulsion were largely confined to the
vowel. In sum, the vowel-aligned analyses were consist-
ent in showing significant repellent effects for “red” and
“blue”, and attractive effects for “green”.

Summary of formant changes induced by
incongruent distractors

Results for all vowel-incongruent distractors and both
samples are summarized in Figure 5(a), where the
component of formant change in the direction of
each distractor (i.e., the scalar projection into the
target-distractor vector, as in Figure 3(c)) is plotted
on the y-axis; positive values indicate attraction and
negative values indicate repulsion. While effects
differed across stimuli, formant changes were largely
consistent with a repulsion from the acoustic space
of the distractor. Of note, repulsion of “red” by rid
(orange x’s) and by rad (magenta o’s) was consistent

A
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across the two samples. The magnitude of repulsion
reached significance at the item level for three distrac-
tors (original sample: blow; replication sample: rid and
rad). None of the distractors significantly attracted
formants.

Results for all color-incongruent distractors and both
samples (as in Figure 4(c)) are summarized in Figure 5
(b). Colors indicate distractor identity and labels indicate
the target word. Here, too, effects on “red” were similar in
the two samples. There was significant bidirectional
repulsion between red and blue — “red” was repelled by
blue (in both samples), and vice versa — and significant
attraction of “green” by both distractors.

Acoustic variability

We evaluated the hypothesis that the presence of
incongruent information might disrupt speech plan-
ning and performance in a general sense, resulting
in more variable acoustic realizations. However,
neither formant variability (F(2, 25.93)=1.59, p=
0.22) nor f, variability (F(2, 26.26)=1.33, p=0.28)
differed across the three conditions. Additionally, con-
dition had no systematic effect on the mean f; of the
color-word responses, F(2, 31.67)=1.16, p=0.33.

Discussion

The primary aim of this study was to determine if and
how a competing vowel representation would affect

color-incongruent
* "green”
"green"
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Figure 5. Summary of attraction/repulsion by distractors. To summarize the formant movement of targets with respect to distractors,
the component of formant change in the direction of each distractor (i.e., the scalar projection onto the target-distractor vector) is
plotted on the y-axis, where positive values constitute attraction and negative values constitute repulsion (as in Figures 3(c) and 4(c)).
The perpendicular component of formant change (i.e., the scalar projection onto the orthogonal vector) is plotted on the x-axis. “Red”
data from both samples are shown. (A) Vowel-incongruent summary data. Colors indicate distractor identity. (B) Color-incongruent
summary data. Colors indicate distractor identity and labels indicate the target word. Statistical significance is indicated by an asterisk.
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the acoustic properties of speech. We developed a
vowel-modified Stroop task in which participants
were tasked with, for example, naming the color
“blue” in the presence of the written word blow. We
found that the presence of such a distractor in
many cases significantly altered formant trajectories,
and that these changes primarily repelled the target
from the distractor in acoustic vowel space. These
results suggest a phenomenon in which cognitive
inhibition is reflected in speech motor execution
during the resolution of interference.

Cognitive inhibition enhances acoustic contrast

The maintenance of and perceptual preference for
acoustic contrast among spoken words has been
documented at multiple levels of linguistic analysis.
Broadly, phonological systems seem to obey the
“principle of maximal contrast” (Lindblom, 1986,
p. 15): nearly all languages, including those with
only three vowels, have /i/, /a/, and /u/, which
occupy the extremes of vowel space. Perceptually dis-
tinct contrasts such as these support the efficient
transfer of information from speaker to listener (Flem-
ming, 2004). As phoneme inventories change over
time, phoneme pairs that distinguish more vs. fewer
minimal-pair words are less likely to undergo
merger (Wedel et al., 2013), highlighting the pressure
on phonological systems to preserve meaningful dis-
tinctions. Speakers may accomplish this by selectively
shifting certain pronunciations, hyperarticulating
words with more vs. fewer phonological neighbours
(Wright, 2004) and/or those with vs. without a
minimal-pair neighbour (Wedel et al., 2018) in order
to enhance distinctiveness. Experimental manipula-
tions of neighbourhood density, competitor salience,
and listener feedback are all effective at driving speak-
ers to produce less confusable pronunciations (Baese-
Berk & Goldrick, 2009; Buz et al., 2016; Fox et al., 2015;
Stern & Shaw, 2023).

The current study differs somewhat from previous
reports of adaptive phonetic contrast in that we lever-
aged the Stroop effect in order to automatically acti-
vate a competing vowel representation. Therefore,
the “attraction” hypothesis — that these coactivated
representations would yield a hybrid pronunciation
— was also compelling. For one thing, the contami-
nation of speech by irrelevant environmental
language is well documented (Harley, 1984). For

another, active vowel representations can migrate
from word to word (e.g., the /ai/ of might is antici-
pated in the speech error “one spice — spouse
might say...” (Cutler, 1988)). Moreover, gradient
errors rather than full substitutions are readily elicited
in high-conflict situations such as speeded tongue-
twister recitation (Frisch & Wright, 2002; Goldrick &
Blumstein, 2006; Goldrick et al., 2016; Goldstein
et al., 2007; Mowrey & MacKay, 1990), as well as in
spontaneous speech (Alderete et al., 2021). Trace pho-
netic effects have been attributed to phonological
coactivations cascading into articulatory processes,
such that errorful speech sounds reflect character-
istics of the intended target (Goldrick & Blumstein,
2006). Applied to our study, the “attraction” hypoth-
esis would predict a complementary effect, that
correct speech sounds would reflect characteristics
of a salient competitor. However, the processes eli-
cited in the current study were more consistent with
an inhibitory mechanism that prevents such an intru-
sion and ultimately increases the acoustic distance
between target and distractor.

Interference from vowel-incongruent distractors
such as rid and rad may be expected to be low: they
are not colors or even semantically related to colors,
and accordingly lack response relevance (Lupker,
1979). However, several studies have reached the con-
clusion, on the basis of chronometric data, that vowel
production necessarily involves the inhibition of
neighbouring vowels. For example, Yaniv and col-
leagues (1990) found that response latencies were
longer for spoken pairings of similar vowels (e.g.,
“peat-pit”, “putt-pot”) as compared to dissimilar
vowels (e.g., “pit-pot”, “pit-putt’), even when these
utterances were anticipated, suggesting that more
similar vowels generated more interference. Wheel-
don (2003) documented a case of inhibitory priming
whereby picture naming was slowed by the pro-
duction, on the previous trial, of a phonological
neighbour (e.g., Dutch words “blad” and “bloed”,
“bus” and “bos”). (Unfortunately, neither study
measured whether juxtaposed vowels became more
similar or more different to one another) It is
notable, then, that we did not find longer reaction
times in our vowel-incongruent condition than in
the congruent condition. A number of underlying
temporal effects may have been at play, perhaps in
combination. In terms of temporal facilitation,
response retrieval may have been speeded by the



phonological overlap of the distractor with the target
(Marmurek et al., 2006; Jescheniak & Schriefers, 2001);
participants may also have been able to begin articu-
lating with only part of the utterance (the initial
overlap) planned (Kello et al., 2000). On the other
hand, in terms of temporal cost, we could speculate
based on Wheeldon’s (2003) results that time is
required to suppress the phonological encoding of
the distractor vowel representation. Here it is impor-
tant to underscore that the paradigms of Yaniv and
colleagues (1990) and Wheeldon (2003) actually eli-
cited the sequential production of competitors,
whereas in our task, the vowel-incongruent distrac-
tors were present on screen but not to be uttered,
and indeed were not potential responses at all (as
color-word distractors are in the classic color-incon-
gruent condition). In the words of O'Seaghdha and
colleagues (1992, p. 403), “production has the advan-
tage of unambiguously requiring full phonological
preparation of primes prior to their articulation”.
Therefore, our null reaction-time effect may reflect a
weaker form of phonological activation driven by
reading vs. saying the competitor word, one that
does not incur the full temporal cost of disengaging
from a phonological-into-motor cascade. However,
we caution that our study was not designed to
tease apart these temporal effects. Rather, our analy-
sis of formant trajectories demonstrates a competi-
tor's influence at the level of a speech motor
programme.

One biologically plausible mechanism driving
formant repulsion is lateral inhibition. Commonly
described as a feature of sensory systems that
increases sensitivity, lateral inhibition is a process by
which the firing of one neuron is suppressed by the
firing of a neighbouring neuron. In the motor
system, lateral inhibition has been invoked to
explain programme selection (Sohn & Hallett, 2004),
and the role of circuit inhibition in controlling volun-
tary and precise motor output is well recognized
(Duque et al, 2017; Mink, 1996). As speaking is
perhaps the most complex human motor behaviour,
lateral inhibition underlies many theoretical and com-
putational accounts of speech motor planning and
selection (Bohland et al, 2010; Meyer & Gordon,
1985; Schade & Berg, 1992; Tilsen, 2013; Yaniv et al.,
1990). Earlier conceptualizations tended to focus on
linguistic features as nodes in a network: preparing
to produce a phoneme activates its feature nodes

COGNITIVE NEUROPSYCHOLOGY 63

(e.g., place of articulation, voicing), which in turn inhi-
bits phonemes sharing those features. This helps to
explain experimental results in which preparing one
utterance slows the production of other, similar utter-
ances (Meyer & Gordon, 1985). In vowel production,
where features are relative (e.g. height, backness,
roundedness), vowel similarity in terms of phonetic
distance has been identified as a critical variable gov-
erning interference between production plans (Yaniv
et al., 1990).

A continuous feature space representing one's
speech-sound inventory provides a plausible interface
between neuromotor programmes and cognitive
operations such as inhibition and attention. Tilsen
(2013) and Stern and Shaw (2023) have proposed
that dissimilatory phonetic effects, such as the
formant repulsion observed in the present study,
could be explained by the inhibition of motor plans
that involve overlapping populations of neurons (Erl-
hagen & Schoner, 2002; Georgopoulos et al., 1986;
Guenther, 1995; Houghton & Tipper, 1999). When
targets and competitors are neighbours in this
feature space, top-down suppression of the competi-
tor representation serves to repel the target represen-
tation by shifting the population-level coding of the
target. Analogous results, in which continuous move-
ment trajectories veer away from competitors’
locations, have been obtained in oculomotor control
(Sheliga et al., 1994; Van der Stigchel & Theeuwes,
2008) and arm-reaching paradigms (Tipper et al.,
1997). In the case of vowel production, the dimen-
sions of this space likely correspond to articulator pos-
ition (e.g., tongue height, backness), and thus can be
read out as a shift in formant values. Candidate ana-
tomical substrates of vowel-repulsion effects are
inferior frontal and ventral premotor regions that
are sensitive to, and related to online compensation
for, externally-applied formant shifts (Tourville et al.,
2008; Niziolek & Guenther, 2013).

We propose that overcoming the prepotency of
reading vs. naming in the Stroop framework gener-
ates a particularly strong type of competitor suppres-
sion that is detectable in the pronunciation of the
target utterance — a kind of acoustic inhibition. Dis-
similatory phonetic effects have also been obtained
in vowels produced subsequent to an incongruent
vowel cue (Tilsen, 2009) and in the voice onset time
of consonants produced with an on-screen minimal-
pair competitor (Baese-Berk & Goldrick, 2009; Stern
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& Shaw, 2023), suggesting that acoustic inhibition can
operate over time and manifest in various continuous
dimensions of speech behaviour. In a step towards
unifying empirical evidence of attraction and repul-
sion in one framework, Stern and Shaw’'s (2023)
model takes only competitor strength as an input,
using its sign to, parsimoniously, account for both
gradient errors (excitatory: intended sounds intruding
upon errorful sounds) and contrastive hyperarticula-
tion (inhibitory: distancing of correct targets from dis-
tractors). Future work is needed to understand
whether neurocomputational models of contrastive
dissimilation account for the multidimensional
nature of vowel production as well as for a single
scaled consonantal feature such as voice onset time
(e.g., Stern et al., 2022).

Stimulus-specific effects

Itis worth noting that our experimental design was con-
strained by both the English lexicon and the anatomy of
the vocal tract. We prioritized using the basic, automa-
tized color names of “red”, “green”, and “blue”, but
this likely limited the magnitude and direction of poss-
ible formant changes: “green” and “blue” contain the
corner vowels /i/ and /u/, which makes repulsion hard
to achieve without resorting to extreme articulatory
positions. Nevertheless, bleed and blow had sustained
effects on the F1 of “blue”, and blow evinced a strong
repellent effect. We note that the final consonant of dis-
tractor bleed somewhat complicates interpretations
because that stimulus activated a conflicting syllabic
frame in addition to a conflicting vowel (Berent &
Marom, 2005). Grin and grain were, in terms of
formant proximity, the best distractors for “green”, but
they were not easily distinguished from one another
in vowel space and ultimately produced the weakest
effects. The generalizability of our findings is certainly
limited by the heterogeneity of results across the
three color words; follow-up experiments using para-
digms with less restrictive stimulus sets (e.g., picture-
word interference) would be valuable in demonstrating
a generalization of this effect.

“Red”, however, occupies a centralized position in
vowel space, allowing for attraction, repulsion, or
orthogonal movement within the range of typical
articulation. Given their near-linear arrangement in
the F1 dimension (which has an inverse relationship
with tongue height), the stimulus set of rid, red, and

rad was the strongest test in our data of the attraction
vs. repulsion hypotheses. Results were consistent with
repulsion: in both participant samples, F1 trajectories
were biased in opposite directions, reducing the simi-
larity of target and distractor. Aligning formant trajec-
tories to vowel onset (Figure S2) revealed that the
dissimilatory effect on the F1 of “red” was largely
evident during the /1i/ segment of the utterance,
while changes during the vowel were largely observed
in F2, not F1. This is perhaps surprising, given that the
onset consonant is shared among target and distrac-
tors. However, it may also be explained by the coarticu-
latory influence of the subsequent vowel, which
distinguishes the formants of /1/ before vowel onset.
We explored this by comparing the raw formant trajec-
tories for the words “rid”, “red”, and “rad” as read aloud
by participants in a neutral context (Figure S5). Clear
separation of the F1 traces is observed throughout
the voiced syllable (Figure S5A) and, crucially, in the
/1/ segment prior to vowel onset (time points <0 in
Figure S5B). This indicates that the changes to the con-
sonant segment were consistent with movement away
from the realization of that segment in the distractor
context, and, more broadly, suggests that cognitive
inhibition leaves its trace across planned syllables.
Figure S5 also highlights a difference in dialect
between the two participant samples. Although we
did not collect detailed demographic information, it
is likely that at least a subset of the participants in
the replication sample, recruited at the University of
Wisconsin-Madison, spoke a regional, Inland-North
variant of North American English (Labov et al,
2006). The proximity of “red” and “rad” trajectories is
characteristic of the relative /e/-lowering and /ae/-
raising in this population (Jacewicz & Fox, 2013).
Nevertheless, despite differences in vowel configur-
ation, both the Boston and Madison samples
showed significant dissimilatory, repulsive effects on
F1. Clear similarities in how the two samples
responded to distractors for “red” can be appreciated
in Figure 5. Future studies may undertake more con-
trolled and detailed studies relating individual vowel
spaces and dialects to the phenomenon of inhibitory
vowel repulsion (e.g., Clopper & Tamati, 2014).

Acoustic effects of color-word interference

Because the majority of relevant previous studies
induced competition between minimal pairs, it was



more challenging to formulate specific acoustic
hypotheses for the target and distractor words in
the classic Stroop color-incongruent condition. As
speakers know, simultaneous activation of two
semantically related words (frog, toad) can produce
phonologically surprising results (“Look, a froad!”).
But here, all such blending errors (“gred”) were
removed from the data, and we were only concerned
with what was perceived to be the successful sup-
pression of a salient but irrelevant color word.
Remarkably, this process also left subtle phonetic
traces.

As expected, color-incongruent distractors were
associated with higher error rates and longer reaction
times, indicating substantial cognitive interference on
these trials. However, we did not find evidence that
color incongruence made speech more variable,
neither in formant values nor in vocal pitch. Instead,
each distractor was associated with significant
biases in the pronunciation of the target color name
— some constituting formant attraction, others
formant repulsion. As with the vowel-incongruent
results, formant movement may have been asymme-
trically constrained in a word-specific manner: “red”,
from its central position, was mostly repelled;
“green”, containing a corner vowel, was attracted
inwards; “blue” rose sharply in F2, where it had
room to increase. Despite broad similarities in
formant movement across the two incongruent con-
ditions, some candidate theories that may explain
formant changes in the vowel-incongruent results
are less relevant here: as “red”, “green”, and “blue”
are not confusable, there is probably little pressure
on speakers to hyperarticulate them. However, it
may be the case that because responses in this con-
dition are pronounced more carefully, i.e., as a result
of controlled vs. automatic processing, their pronun-
ciations differ from those in the congruent condition
in systematic ways (Harnsberger et al, 2008).
Perhaps most surprising were the distractor-specific
effects on the formants of “red” and “green”,
suggesting a linguistic influence of even phonologi-
cally unrelated distractor stimuli. The sequential
cuing framework (Sevald & Dell, 1994) might
suggest that the vowels in co-active /1ed/ and /giin/
influence one another because they both follow /1/.
Both “red” in the presence of green and “green” in
the presence of red showed small but significant
attraction, potentially reflecting a gradient form of a
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familiar type of speech error — an exchange
miscued by shared segments (e.g., duke and duchess
— duck and doochess (Simonini, 1956; see also
MacKay, 1970)). On the other hand, aligning formants
to vowel onset revealed that the attraction of “green”
by red occurred prior to the vowel, within the voiced
onset of the syllable. Acoustic effects of color-word
interference are therefore far from straightforward,
and it is still largely unclear how coactivation of
non-overlapping  competitor phonology  may
cascade into articulation. In future studies, kinematic
data on articulatory gestures during cognitive inhi-
bition would be informative, potentially revealing
articulatory dynamics consistent with distractor intru-
sion or distractor aversion (e.g., Drake & Corley, 2015;
McMillan et al., 2009; Pouplier et al., 1999).

Implications and conclusions

Results from a vowel-modified Stroop task demon-
strate that formant trajectories can be modulated by
cognitive processes involved in conflict resolution.
One motivation for developing such a task was to
lay the groundwork for characterizing production
impairments in individuals with comorbid communi-
cation disorders and executive-control challenges.
Persons with aphasia, who have been shown to
have deficits in attention and executive control as
well as language difficulties, may be particularly sus-
ceptible to interference during speech production.
Stroop interference effects are larger in aphasic
speakers (Wiener et al., 2004; Pompon et al., 2015;
Kuzmina & Weekes, 2017), while patients with left
frontal lesions without aphasia are generally slow to
name colors but not disproportionately impaired on
incongruent Stroop trials (Stuss et al., 2001; but cf.
Perret, 1974). Thus, the relationships among language
ability, verbal cognitive control, and neuroanatomy
are complex.

Speech errors have long been used to probe the
nature of production impairments in aphasia. For
example, the substitutions, deletions, and transposi-
tions of speech sounds — phonemic paraphasias —
that are common in aphasic speech could be attribu-
ted to deficits in phonological selection. However,
Kurowski and Blumstein (2016) identified in these
errors phonetic traces of intended sounds — the
same sort of gradient errors that typical speakers
tend to make in high-conflict contexts. One
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interpretation of this finding is that mechanisms of
cascading activation in spoken word production are
intact in aphasia, but that competitor representations
are far more influential. Our approach, focusing on
subphonemic competitor effects in correct pro-
ductions, could be complementary, revealing the
extent to which persons with aphasia are able to
enhance acoustic contrast between intended and
interfering words.

In sum, the current study capitalizes on the rich
dynamics of speech acoustics to shed light on how
the brain manages interference among streams of
competing information, and suggests that a phenom-
enon of acoustic inhibition may accompany successful
cognitive inhibition of a salient competitor during
speech production. The finding that inhibited infor-
mation nonetheless influences how words are pro-
nounced is part of a broader appreciation of the
complex, interactive nature of language production.
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