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Dialect Interference in Lexical Processing: 
Effects of Familiarity and Social Stereotypes
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  Abstract
Background/Aims: The current study explored the roles of dialect familiarity 

and social stereotypes in dialect interference effects in a speeded lexical classifi-
cation task. Methods: Listeners classified the words bad and bed or had and head 
produced by local Midland and non-local Northern talkers and the words sod and 
side or rod and ride produced by non-local, non-stereotyped Northern and non-
local, stereotyped Southern talkers in single- and mixed-talker blocks. Results: 
Lexical classification was better for the local dialect than for the non-local dia-
lects, and for the stereotyped non-local dialect than for the non-stereotyped 
non-local dialect. Dialect interference effects were observed for all three dialects, 
although the patterns of interference differed. For the local dialect, dialect inter-
ference was observed for response times, whereas for the non-local dialects, dia-
lect interference was observed primarily for accuracy. Conclusion: These findings 
reveal complex interactions between indexical and lexical information in speech 
processing.

© 2016 S. Karger AG, Basel

1.   Introduction

Variability in the speech signal due to indexical properties of the talker can inter-
fere with lexical processing, especially when the listener must process speech from 
multiple talkers, unfamiliar talkers, or talkers with unfamiliar regional or non-native 
accents. The classic demonstration of this interference effect is that word recognition 
in noise is less accurate when the talker changes from trial to trial than when all of the 
stimulus materials are produced by the same talker (Creelman, 1957; Mullennix et al., 
1989). Responses are also slower in speeded forced-choice lexical classification tasks 
when the stimulus materials are produced by multiple different talkers than when they 
are produced by a single talker (Mullennix and Pisoni, 1990). The observed differences 
in accuracy and response time between the single-talker and mixed-talker conditions 
in these tasks is attributed to a processing cost associated with normalization for talker 
variability. The mapping between the acoustic signal and the relevant phonological cat-
egories is ‘many to one’, and trial-to-trial talker variability limits the listener’s ability 

    Received: June 16, 2014
 Accepted after revision: May 13, 2016
 Published online: August 5, 2016 

Phonetica 2017;74:25–59
DOI: 10.1159/000 446809

Cynthia G. Clopper
Department of Linguistics, Ohio State University
108A Ohio Stadium East, 1961 Tuttle Park Place
Columbus, OH 43210 (USA)
E-Mail clopper.1@osu.edu

© 2016 S. Karger AG, Basel

E-Mail karger@karger.com
www.karger.com/pho

D
ow

nl
oa

de
d 

by
: 

O
hi

o 
S

ta
te

 U
ni

ve
rs

ity
   

   
   

   
   

   
   

   
   

   
   

 
12

8.
14

6.
17

2.
51

 -
 9

/1
2/

20
16

 5
:3

8:
33

 P
M



26 Phonetica 2017;74:25–59
DOI: 10.1159/000446809

Clopper

to adapt to the idiosyncratic signal-to-category mappings for each of the individual 
talkers. This cost of normalization for talker variability is further evident in the obser-
vation that as the number of different talkers in a mixed-talker condition increases, the 
magnitude of the interference effect also increases. For example, Mullennix and Pisoni 
(1990) observed response time increases of ~60 ms from single-talker to mixed-talker 
conditions with two talkers, but response time increases of ~160 ms from single-talker 
to mixed-talker conditions with 16 talkers.

Regional dialect variation adds further complexity to this normalization process. 
In American English, regional dialects are characterized predominantly in terms of 
variation in the vowel system (Labov et al., 2006). Several ongoing vowel shifts have 
created acoustically overlapping, but phonologically distinct, vowel categories across 
dialects. That is, across regional dialects, phonological confusions result from contact 
between shifted and unshifted variants of different vowel categories (Clopper et al., 
2010; Jacewicz and Fox, 2012; Wright and Souza, 2012). For example, the lowered 
and backed /ɛ/ in the Northern dialect of American English is perceptually confus-
able with /æ/ (Clopper et al., 2010) and the monophthongal /ɑj/ in Southern American 
English is perceptually confusable with /æ, ɑ/ (Jacewicz and Fox, 2012). These pho-
nologically ambiguous forms have the potential to lead to substantial processing costs 
beyond those needed to normalize for within-dialect talker variability. The first goal 
of the current study was therefore to determine if a dialect interference effect could be 
observed above and beyond a talker interference effect for these cross-dialect vowel 
contrasts in a speeded lexical classification task.

Previous research on cross-dialect speech processing has demonstrated that both 
the listener’s experience and the social stereotypes associated with specific dialect cat-
egories have a substantial impact on how these potentially phonologically ambigu-
ous variants are processed. In particular, local listeners tend to perceive local forms 
more accurately than non-local listeners (Clopper et al., 2010; Jacewicz and Fox, 2012; 
Wright and Souza, 2012). More generally, speech intelligibility and word and sentence 
comprehension are more accurate for familiar dialects than for unfamiliar dialects 
(Adank et al., 2009; Adank and McQueen, 2007; Clopper and Bradlow, 2008; Labov 
and Ash, 1997; Mason, 1946), and lexical decision performance is faster and more 
accurate for familiar dialects than for unfamiliar dialects (Floccia et al., 2006; Impe 
et al., 2008; Sumner and Samuel, 2009). The familiar dialects in these studies include 
both local varieties and regional standard varieties, but recent research also suggests 
that socially salient non-local varieties, such as British English for American listeners, 
may also exhibit familiar-dialect effects (Sumner and Kataoka, 2013).

The external activation of stereotyped dialect categories, through either explicit 
place labels or implicit cultural associations, has similarly been shown to affect perfor-
mance in vowel perception tasks (Hay and Drager, 2010; Hay et al., 2006; Niedzielski, 
1999). For example, Niedzielski (1999) found that listeners in Detroit, Michigan, were 
more likely to correctly match target vowels when they believed the talker was from 
Canada (a locally stereotyped region) than when they believed the talker was from 
Michigan (the local dialect area). When they believed the talker was from Michigan, 
their responses corresponded to standard American English vowels rather than to the 
local forms, because the target variants are recognized as stereotypically Canadian 
forms rather than as local forms. The role of social stereotypes in cross-dialect percep-
tion is particularly relevant for the Northern dialect of American English (spoken in 
the northern Midwestern USA) because although this dialect is characterized by the 
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Northern Cities vowel shift (an acoustically distinct system of vowel variants), it is not 
socially stereotyped as distinct from the more standard Midland dialect, which is spoken 
in the southern Midwestern USA (Clopper et al., 2012; Niedzielski, 1999). Campbell-
Kibler (2012) has argued that this mismatch between production and perception of the 
Northern dialect reflects the lack of social enregisterment or social stereotyping of the 
Northern dialect. The Northern dialect thus contrasts sharply with the Southern dialect 
of American English, which is highly enregistered and associated with non-standard, 
but pleasant, stereotypes (Niedzielski and Preston, 2000). The second goal of the cur-
rent study was to explore these potential effects of familiarity through experience and 
social stereotypes/enregisterment on dialect interference effects in lexical processing.

1.1. The Current Study
The current study used a series of speeded lexical classification tasks to determine 

if a dialect interference effect could be observed above and beyond a talker interfer-
ence effect. In particular, in experiments 1A and 2A, the processing costs associated 
with within-dialect talker interference were assessed by comparing performance in 
single-talker and mixed-talker blocks, in which the talkers shared a regional dialect. In 
experiments 1B and 2B, the processing costs associated with cross-dialect talker inter-
ference were assessed by comparing performance in single-talker and mixed-talker 
blocks, in which the talkers represented different dialects. The magnitude of the talker 
interference effect in experiments 1A and 2A was then compared to the magnitude of 
the dialect interference effect in experiments 1B and 2B, respectively. A larger dialect 
interference effect than talker interference effect provides evidence for cross-dialect 
interference above and beyond within-dialect talker interference.

To maximize the likelihood of observing a dialect interference effect, the mixed-
talker conditions were limited to two talkers so that the talker interference effect would 
be relatively small (see Mullennix and Pisoni, 1990) and an additional effect of dialect 
interference could potentially be observed. Further, to maximize the dialect differences 
between the mixed-talker and mixed-dialect conditions across experiments, the target 
words were selected to contain phonologically ambiguous variants across the target 
dialects. The target talkers and stimulus tokens were then carefully selected to be good 
representatives of their respective dialect regions, based on extensive previous descrip-
tive research on the target varieties (Clopper et al., 2005; Fox and Jacewicz, 2009; 
Labov et al., 2006). Given the previous research demonstrating cross-dialect lexical 
processing costs with small numbers of representative talkers (e.g., Clopper et al., 
2010; Floccia et al., 2006; Sumner and Samuel, 2009) and the potential for phonologi-
cal confusions due to dialect-specific vowel variation (e.g., Jacewicz and Fox, 2012), 
processing interference due to the mixed-dialect condition was expected to be larger 
than interference due to the within-dialect mixed-talker condition. That is, within each 
of experiments 1 and 2, an experiment (A vs. B) × block (single-talker vs. mixed-
talker) interaction was expected, reflecting a larger block effect in the dialect interfer-
ence experiment (B) than in the within-dialect talker interference experiment (A).

In experiment 1, the local Midland dialect was compared with the non-local 
Northern dialect of American English. The listeners were from the Midland dialect 
region, and were therefore expected to be highly familiar with their native Midland 
dialect but less familiar with the non-local Northern dialect. The Northern dialect is 
characterized by the Northern Cities vowel shift, which includes raised and fronted /æ/ 
and lowered and/or backed /ɛ/ relative to the Midland dialect (Labov et al., 2006). The 
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raised and fronted Northern /æ/ is confusable with the Midland /ɛ/ and the lowered and 
backed Northern /ɛ/ is confusable with the Midland /æ/ (Clopper et al., 2010; Jacewicz 
and Fox, 2012). Target words with /æ/ (bad) and /ɛ/ (bed) were therefore selected as the 
stimulus materials because they were predicted to be somewhat confusable across the 
two dialects. The processing costs associated with normalizing for this dialect-specific 
vowel variation in the mixed-dialect condition in experiment 1B should be greater than 
the costs associated with normalizing for within-dialect talker variation in experiment 
1A, resulting in greater interference effects on the speed and/or accuracy of the lexi-
cal classification responses in experiment 1B than in experiment 1A. If performance 
accuracy is near ceiling, this predicted experiment × block interaction may be stron-
ger for response times than for accuracy, due to the limited variation that is typically 
observed in near-ceiling accuracy scores (Studebaker, 1985). By contrast, if perfor-
mance accuracy is not near ceiling, the interaction may be weaker for response times 
than accuracy, given that response times are analyzed only for correct trials. Thus, 
lower accuracy means that fewer trials are included in the response time analysis, lead-
ing to less robust estimates of by-subject response time means.

Given that the experimental design was limited to just two target words and two 
talkers in each of the mixed-talker conditions, the generalizability of the results is 
potentially limited (Clark, 1973). Experiments 1C and 1D therefore served as a direct 
replication of experiments 1A and 1B, respectively, with different target words (had, 
head), two separate mixed-dialect talker pairs in the mixed-dialect condition in experi-
ment 1D, and a more heterogeneous Midland listener population, recruited from a local 
science museum instead of a university campus. If the results are replicated across the 
two experiment pairs (i.e., 1A and 1B vs. 1C and 1D), these differences in stimulus 
materials, listener population, and laboratory environment provide some assurance that 
the results do not primarily reflect sampling error. A successful replication therefore 
increases the generalizability of the results beyond the specific talkers, words, listeners, 
and laboratory environments that were used in the current study (Larzelere et al., 2015; 
Monin and Oppenheimer, 2014; Simons, 2014; Westfall et al., 2015).

In experiment 2, the role of social stereotypes in dialect interference effects was 
examined through a comparison of the non-local, non-enregistered Northern dialect 
and the non-local, enregistered Southern dialect of American English. As in the first 
set of experiments, the listeners were from the Midland dialect region and therefore did 
not have native familiarity with either the Northern or the Southern dialect. In this set 
of experiments, the target words contained the vowels /ɑj/ (side) and /ɑ/ (sod) because 
monophthongal /ɑj/ is a highly stereotyped feature of Southern American English 
(Plichta and Preston, 2005) and is also acoustically very similar to the non-stereotyped, 
fronted Northern /ɑ/ (see fig. 3, 4). Thus, as in the first set of experiments, the target 
words were potentially confusable across the two dialects in the lexical classification 
task to maximize the possibility of observing a dialect interference effect in experiment 
2B relative to experiment 2A. However, unlike in experiment 1, the dialects in experi-
ment 2 were both non-local varieties, but differed in their social enregisterment. The 
Southern dialect in general and /ɑj/ monophthongization in particular are both highly 
stereotyped, which allows for an examination of the effect of social enregisterment on 
the magnitude of dialect interference effects for two non-local dialects. Experiment 2 
therefore provided the opportunity to conceptually replicate the effects of experiment 
1 with different dialects and different vowel variables. Further, as in the first set of 
experiments, experiments 2C and 2D served as a direct replication of experiments 2A 
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and 2B, respectively, with different target words (rod, ride), two separate mixed-dialect 
talker pairs in the mixed-dialect condition in experiment 2D, and a more heterogeneous 
Midland listener population, recruited from a local science museum instead of a uni-
versity campus.

2. Experiment 1: Local Midland versus Non-Local Northern 
American English

2.1. Experiment 1A: Within-Dialect Talker Interference
2.1.1. Listeners
Fifty-seven undergraduates at Ohio State University participated as listeners in 

experiment 1A. They received partial course credit in an introductory linguistics course 
for participating. Data from listeners who were bilingual (n = 12), who reported a his-
tory of a speech or hearing disorder (n = 2), or who did not meet the residential history 
requirements (n = 21) were excluded prior to the analysis. Data from 1 participant were 
also excluded due to equipment failure. The remaining 21 listeners (15 female, 6 male) 
were monolingual native speakers of American English who were lifetime residents of 
the Midland dialect region and ranged in age from 18 to 31 years (mean = 20, SD = 3).

2.1.2. Stimulus Materials
The stimulus materials were produced by two female talkers from the Midland 

dialect region and two female talkers from the Northern dialect region from the Indiana 
Speech Project corpus (Clopper et al., 2002). The Midland talkers had lived in the 
Indianapolis, Indiana, metropolitan area until the age of 18 years, and their parents 
were also raised in the same area. The Northern talkers had lived in the Indiana suburbs 
of Chicago, Illinois, until the age of 18 years, and their parents were also raised in the 
same area. The talkers were 19–21 years old at the time of recording.

The stimulus materials consisted of one token of each of the words bad and bed 
produced in isolation by each of the four talkers, for a total of eight stimulus tokens. 
These naturally produced tokens exhibited variation in numerous dimensions, includ-
ing consonant, vowel, and prosodic properties, but given that regional vowel variation 
in American English is well documented (e.g., Labov et al., 2006), only the differences 
in vowel quality and duration between the eight stimulus tokens are highlighted here. 
The formant trajectories for each of the two vowels are illustrated in figure 1 for the 
Midland (darker symbols) and Northern (lighter symbols) talkers for bad and bed. For 
each vowel, the first and second formant frequencies were estimated at 35%, 50%, and 
65% of the vowel duration. Each trajectory is labeled in figure 1 at the beginning of 
the trajectory (i.e., at the 35% point) with the talker identifier (MiA, MiB, NoA, and 
NoB for Midland talker A, Midland talker B, Northern talker A, and Northern talker B, 
respectively) and the target word (bad or bed). The total duration of each vowel token, 
the total trajectory length of each vowel token between the 35% and 65% points (calcu-
lated as the summed Euclidean distance in the F1 × F2 plane between the 35% and 50% 
points and the 50% and 65% points), the average acoustic distance between each vowel 
pair (calculated as the mean Euclidean distance in the F1 × F2 plane at the 35%, 50%, 
and 65% points), and the total duration of each word token are provided in table 1.

For the Midland talkers, the vowel in bad is lower than the vowel in bed and for 
Midland talker B, the vowel in bad is more front than the vowel in bed. As shown 
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in table 1, the vowel in bad is also longer in duration than the vowel in bed for both 
Midland talkers. The overall formant trajectory lengths are comparable across vowels 
within each talker, although Midland talker B exhibits longer trajectory lengths overall 
than Midland talker A. For the Northern talkers, the vowel in bad is more front than 
the vowel in bed, and for Northern talker B, the vowel in bad is lower than the vowel 
in bed. As shown in table 1, the vowel in bad is also longer in duration than the vowel 
in bed for the Northern talkers, but unlike for the Midland talkers, the overall formant 
trajectory is also longer for bad than for bed for both talkers, suggesting diphthongiza-
tion of bad relative to bed. Thus, the Northern talkers exhibit lowering of /ɛ/ and front-
ing and/or diphthongization of /æ/, consistent with the Northern Cities vowel shift. 
Despite the considerable variation in the acoustic characteristics of the vowels across 
talkers, for all four talkers, the vowels in bad and bed are well separated in the acoustic 
space, as shown by the mean vowel distance measures in table 1. Further, although the 
primary dimension of contrast (F1 vs. F2) and the relative degree of diphthongization 
as captured by the trajectory length differ across the two dialects, relative duration is a 
robust cue for vowel category across dialects.

2,600 2,400 2,200

MiB-bed

MiB-bad

NoA-bad

NoB-bad NoB-bed

NoA-bed

MiA-bed

MiA-bad

F2 (Hz)

F1
 (H

z)

2,000 1,800
500

600

700

800

900

1,000

Fig. 1. First and second for-
mant frequencies of the two 
Midland (MiA, MiB) and two 
Northern (NoA, NoB) bad and 
bed tokens at 35%, 50%, and 
65% of the vowel duration. 
Trajectories are labeled at the 
35% point. The Midland A and 
Northern A tokens were also 
used in experiment 1B. Black: 
MiA; dark gray: MiB; light 
gray: NoB; white: NoA. Circles 
denote bed tokens and triangles 
denote bad tokens.

Table 1. The total duration  of each vowel token, the total trajectory length of each vowel token 
between the 35% and 65% points (calculated as the summed Euclidean distance in the F1 × F2 plane 
between the 35% and 50% points and the 50% and 65% points), the average acoustic distance between 
each vowel pair (calculated as the mean Euclidean distance in the F1 × F2 plane at the 35%, 50%, and 
65% points), and the total duration of each word token in experiments 1A and 1B

Target Midland A Midland B Northern A Northern B

Vowel duration, ms bad
bed

271
207

322
194

380
237

306
241

Vowel trajectory, Hz bad
bed

43
21

196
205

459
242

194
69

Vowel distance, Hz bad/bed 261 372 285 234

Word duration, ms bad
bed

396
345

411
331

518
438

409
467
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The two target words are well matched for log frequency (bad: 3.15; bed: 3.10) to 
avoid potential item-specific biases in lexical classification. Each token was stored in 
an individual digital audio file with a sampling rate of 22,050 Hz and 16-bit resolution.

2.1.3. Procedure
Participants were seated at individual computers equipped with headphones and a 

five-button button box. Each participant completed a speeded lexical classification task, 
in which they were asked to identify each word token as quickly and as accurately as 
possible. Two of the conditions involved the Midland and Northern tokens of bad and 
bed. The remaining two conditions are discussed as experiment 2A below. The order of 
the four conditions was balanced across participants. The listeners were presented with 
two single-talker blocks and one mixed-talker block of trials in each condition. In the 
Midland condition, one single-talker block of trials included words produced by Midland 
talker A, one single-talker block of trials included words produced by Midland talker B, 
and the mixed-talker block of trials included words produced by both of the Midland 
talkers. Similarly, in the Northern condition, one single-talker block of trials included 
words produced by Northern talker A, one single-talker block of trials included words 
produced by Northern talker B, and the mixed-talker block of trials included words pro-
duced by both of the Northern talkers. Each block consisted of eight repetitions of each 
stimulus token, for a total of 16 trials in each of the single-talker blocks and 32 trials in 
each of the mixed-talker blocks. The order of the blocks within each condition and the 
order of the trials within each block were randomized separately for each listener.

The response alternatives were presented on the computer screen in the same loca-
tions for all of the participants: bad was presented on the left and bed was presented on 
the right. On each trial, participants listened to one token over headphones and made 
their response by pressing the left-most button on the button box for bad responses or 
the right-most button on the button box for bed responses. The listeners were instructed 
to hold the button box with both hands and to use their left hand to press the left-most 
button and their right hand to press the right-most button. All of the analyses were col-
lapsed across left and right responses, so any differences in response time due to hand 
dominance are reflected equally across conditions. For each trial, the stimulus token 
was presented, and accuracy and response time from the onset of the auditory stimulus 
were recorded. The analysis of the response time data included only response times for 
correct trials. In addition, response times more than 2 SDs from the mean in a given 
block for a given participant were excluded. Prior to analysis, the accuracy data were 
arcsine transformed (Studebaker, 1985), and the response time data were log trans-
formed to improve the fit of the data to a normal distribution. In the summary tables, all 
data are reported as raw accuracy (percent correct) and response times (ms) to facilitate 
interpretation.

2.1.4. Results and Discussion
Performance in the lexical classification task was excellent and overall accuracy 

was 96%. A summary of the accuracy and response times in the lexical classification 
task is shown in table 2 for each talker dialect in each block. A repeated-measures 
ANOVA of mean lexical classification accuracy with block (single-talker vs. mixed-
talker) and talker dialect (Midland vs. North) as within-subject variables revealed sig-
nificant main effects of block [F(1, 20) = 11.00, p = 0.003] and talker dialect [F(1, 20) = 
6.19, p = 0.022]. The block × talker dialect interaction was not significant. Performance 
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was more accurate for Midland talkers than for Northern talkers, suggesting an overall 
benefit for the local variants relative to the non-local variants. Performance was also 
more accurate in the single-talker blocks than in the mixed-talker blocks, suggesting an 
overall talker interference effect.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 20) = 25.51, p < 0.001] and talker 
dialect [F(1, 20) = 95.78, p < 0.001]. The block × talker dialect interaction was not 
significant. Performance was faster for the Midland talkers than for the Northern talk-
ers and in the single-talker blocks than in the mixed-talker blocks, consistent with the 
accuracy results.

The observed near-ceiling accuracy is consistent with previous studies using the 
speeded lexical classification paradigm, which typically reveals performance better 
than 90% correct (e.g., Ben-Artzi and Marks, 1999; Mullennix and Pisoni, 1990). The 
near-ceiling performance further suggests that this task is very easy and that listen-
ers are able to accurately identify isolated words without previous exposure to other 
vowels produced by these talkers (see also Verbrugge et al., 1976). Given the spectral 
variation observed in these tokens (see fig. 1), duration may have been the primary cue 
for lexical category in this task.

The faster and more accurate performance for the Midland talkers than for the 
Northern talkers is consistent with previous research demonstrating a processing bene-
fit for local varieties relative to non-local varieties (e.g., Floccia et al., 2006). However, 
an inspection of table 1 reveals that the Northern target words were longer in duration 
than the Midland target words, suggesting that the effect of talker dialect on response 
times may simply reflect dialect differences in stimulus duration. Given this collinear-
ity between talker dialect and word duration in the stimulus materials, it is impossible 
to definitively determine the source of the apparent talker dialect effect. However, a 
linear regression model predicting the mean response time for each target stimulus 
from talker dialect accounted for more variance (r2 = 0.92, d.f. = 6, p < 0.001) than a 
comparable model with word duration as a predictor variable (r2 = 0.65, d.f. = 6, p = 
0.016), suggesting that at least some of the variance in the response times reflects an 
effect of talker dialect, beyond the simple effect of stimulus duration.

The faster and more accurate performance in the single-talker blocks than in the 
mixed-talker blocks suggests a significant talker interference effect, consistent with the 
previous literature demonstrating the integral nature of linguistic and indexical infor-
mation in speech processing (Creelman, 1957; Mullennix et al., 1989; Nygaard et al., 
1994). The magnitude of the talker interference effect (65 ms) is comparable to the 
results of previous studies examining two-talker interference using the speeded lexical 
classification paradigm (Mullennix and Pisoni, 1990).

Table 2. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 1A

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

Midland 0.98 (0.02) 0.96 (0.04) 518 (90) 571 (92)
North 0.97 (0.05) 0.93 (0.07) 632 (100) 710 (97)
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The talker dialect × block interaction was not significant for either accuracy or 
response times, suggesting that the talker interference effect was similar in magnitude 
for both talker dialects, regardless of familiarity. The effect of dialect familiarity on 
within-dialect talker interference may be underestimated in this task, given the near-
ceiling accuracy, and a task involving noise may be more sensitive to dialect familiarity 
effects in this domain. However, the response time data were not subject to floor or 
ceiling effects and therefore provide more compelling evidence for the lack of an over-
all effect of dialect familiarity on the magnitude of the talker interference effect in the 
within-dialect condition examined in this experiment. Experiment 1C (see section 2.3) 
provides a replication of this null result.

Taken together, these results demonstrate that within-dialect talker variability 
reduces the accuracy and speed of lexical classification performance. However, mix-
ing two non-local Northern talkers does not create significantly more interference 
than mixing two local Midland talkers. The effects of cross-dialect interference on 
lexical classification were explored in experiment 1B, in which the mixed-talker block 
included both a Midland and a Northern talker.

2.2. Experiment 1B: Cross-Dialect Interference
2.2.1. Listeners
Forty-nine undergraduates at Ohio State University participated as listeners in 

experiment 1B. They received partial course credit in an introductory linguistics course 
for participating. Data from listeners who were bilingual (n = 5), who used only one hand 
to make their responses (n = 1), who were considerably older than the other participants 
(n = 1), who did not meet the residential history requirements (n = 21), or whose mean 
response times were more than 2 SDs slower than the mean across all participants (n = 
1) were excluded prior to the analysis. The remaining 20 listeners (13 female, 7 male) 
were monolingual native speakers of American English who were lifetime residents of 
the Midland dialect region and ranged in age from 18 to 25 years (mean = 21, SD = 2).

2.2.2. Stimulus Materials
The stimulus materials consisted of the tokens of the words bad and bed produced 

by Midland talker A and Northern talker A from experiment 1A, for a total of four 
stimulus tokens (see fig. 1).

2.2.3. Procedure
The procedure was similar to experiment 1A, except that each participant com-

pleted a speeded lexical classification task and a speeded dialect classification task. 
Performance in the dialect classification task was not significantly different from 
chance and will therefore not be discussed further (cf. Clopper and Pate, 2008). Task 
order was counterbalanced across listeners.

As in experiment 1A, in the lexical classification task, participants were asked 
to identify each token as bad or bed as quickly and as accurately as possible. They 
were presented with two single-talker blocks and one mixed-talker block of trials. One 
single-talker block of trials included words produced only by the Midland talker, one 
single-talker block of trials included words produced only by the Northern talker, and 
the mixed-talker block of trials included words produced by both talkers. Stimulus 
presentation, data collection, and preprocessing of the accuracy and response time data 
were identical to experiment 1A.
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2.2.4. Results and Discussion
As in experiment 1A, performance in the lexical classification task was excel-

lent; overall accuracy was 90%. A summary of the accuracy and response times in 
the lexical classification task for each talker dialect in each block is shown in table 
3. The results for the mixed-talker block have been split by talker dialect to illustrate 
the 2 (block condition) × 2 (talker dialect) design. A repeated-measures ANOVA of 
mean lexical classification accuracy with block (single-talker vs. mixed-talker) and 
talker dialect (Midland vs. North) as within-subject variables revealed significant 
main effects of block [F(1, 19) = 10.84, p = 0.004] and talker dialect [F(1, 19) = 
28.51, p < 0.001]. The block × talker dialect interaction was not significant. As in 
experiment 1A, performance was more accurate for the local Midland talkers than 
the non-local Northern talkers and in the single-talker blocks than in the mixed-talker 
block.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 19) = 30.80, p < 0.001] and talker dia-
lect [F(1, 19) = 60.86. p < 0.001], as well as a significant block × talker dialect interac-
tion [F(1, 19) = 6.28, p = 0.021]. As in experiment 1A, responses were faster for the 
Midland talkers than for the Northern talkers and in the single-talker blocks than in the 
mixed-talker block. However, the block effect was significant for the Midland talkers 
[t(19) = 6.95, p < 0.001], but not for the Northern talkers [t(19) = 1.80, n.s.]. Thus, a 
competing Northern talker significantly slowed responses for the Midland talker, but 
the already slower responses to the Northern talker were not significantly affected by 
the addition of the Midland talker.

Taken together, the results of this experiment reveal near-ceiling speeded lexical 
classification accuracy, faster and more accurate performance for the local Midland 
talker than for the non-local Northern talker, and faster and more accurate perfor-
mance in the single-talker blocks than in the mixed-talker block, as in experiment 1A. 
Unlike in experiment 1A, however, a block × talker dialect interaction was observed 
for response times. In particular, a larger block effect on response times was observed 
for the Midland talker than for the Northern talker.

2.2.5. Talker versus Dialect Interference (Experiments 1A and 1B)
To further explore the differences in the block and talker dialect effects between 

the two experiments, a repeated-measures ANOVA was conducted on lexical classifi-
cation accuracy with block (single-talker vs. mixed-talker) and talker dialect (Midland 
vs. North) as within-subject variables and experiment (1A vs. 1B) as a between-subject 
variable. The analysis revealed significant main effects of block [F(1, 39) = 21.62, p < 
0.001], talker dialect [F(1, 39) = 34.63, p < 0.001], and experiment [F(1, 39) = 4.90, p = 

Table 3. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 1B

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

Midland 0.98 (0.03) 0.96 (0.06) 492 (95) 609 (107)
North 0.88 (0.15) 0.79 (0.17) 641 (112) 687 (120)
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0.033], as well as a significant experiment × talker dialect interaction [F(1, 39) = 13.67, 
p = 0.001]. The other interactions were not significant. The main effects of block and 
talker dialect are consistent with the patterns observed in the individual experiments. 
The main effect of experiment reflects the overall higher accuracy in experiment 1A 
(96%) than in experiment 1B (90%). The experiment × talker dialect interaction reflects 
the lower overall performance for the Northern talkers in experiment 1B (84%) than in 
experiment 1A (95%), especially in the mixed-talker block (see tables 2, 3). An inspec-
tion of the individual participant data suggests that the lower overall performance on 
the Northern talkers in experiment 1B than in experiment 1A was not due to a single 
low-scoring outlier in experiment 1B. Thus, the difference in accuracy across experi-
ments likely reflects the additional processing costs associated with the mixed-dialect 
condition in experiment 1B relative to the within-dialect condition in experiment 1A. 
That is, the experiment × talker dialect interaction provides indirect evidence for a dia-
lect interference effect on accuracy for Northern talkers that exceeds the within-dialect 
talker interference effect.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 39) = 56.31, p < 0.001] and talker 
dialect [F(1, 39) = 152.18, p < 0.001], as well as a significant experiment × block × 
talker dialect interaction [F(1, 39) = 6.60, p = 0.014]. The main effect of experiment 
and the other interactions were not significant. The main effects of block and talker 
dialect are consistent with the patterns observed in the individual experiments. The 
significant three-way interaction reflects a significant experiment × block interaction 
for the Midland talkers [F(1, 39) = 6.71, p = 0.013], but not for the Northern talkers 
[F(1, 39) = 0.97, n.s.]. Specifically, for local Midland talkers, the dialect interference 
effect in experiment 1B (117 ms) was greater than the talker interference effect in 
experiment 1A (53 ms), whereas for non-local Northern talkers, the dialect interfer-
ence effect in experiment 1B did not differ in magnitude from the talker interference 
effect in experiment 1A. This interaction therefore confirms a dialect interference 
effect on response times for Midland talkers that exceeds the simple talker interfer-
ence effect.

Taken together, these findings are consistent with the hypothesis that cross-dialect 
talker interference produces larger effects on lexical processing than within-dialect 
talker interference. Mixing Midland and Northern talkers in a single experimental 
block results in significant dialect interference effects beyond simple talker interfer-
ence effects. For the local Midland variety, this dialect interference effect was realized 
by greater slowing in response times in the mixed-talker block relative to the single-
talker block in experiment 1B than in experiment 1A. For the less familiar Northern 
variety, responses were already slower overall in the single-talker block in experiment 
1B, and only a modest, non-significant increase in response times was observed for 
the Northern talkers in the mixed-dialect block. This effect of block on response times 
was comparable in magnitude to the block effect for the Northern talkers in experiment 
1A. However, the non-significant increase in response times for the Northern talkers in 
experiment 1B was accompanied by a non-significant decrease in accuracy (see table 
3), which together provide a hint of a speed-accuracy trade-off for the Northern talk-
ers in the mixed-dialect block. This speed-accuracy trade-off leads to overall lower 
accuracy for the Northern talkers in experiment 1B than in experiment 1A, as captured 
by the significant experiment × talker dialect interaction. As suggested above, this 
interaction is also consistent with a dialect interference effect beyond a simple talker 
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interference effect. Experiment 1D (see section 2.4) provides additional evidence for 
these two patterns of dialect interference.

The results of experiments 1A and 1B are based on a single pair of target words 
produced by two pairs of talkers in experiment 1A and by a single pair of talkers 
in experiment 1B. Replication of the results with additional materials is therefore 
critical for ensuring that the results do not reflect mere idiosyncrasies of the stimulus 
tokens (Clark, 1973; Larzelere et al., 2015; Monin and Oppenheimer, 2014; Westfall 
et al., 2015). In experiments 1C and 1D, the effects of talker and dialect interference 
were confirmed for Midland and Northern talkers with a different pair of target words 
(had, head), two pairs of talkers in both the talker interference (experiment 1C) and 
dialect interference (experiment 1D) conditions, and a more heterogeneous Midland 
listener population, recruited from a local science museum instead of a university 
campus.

2.3. Experiment 1C: Within-Dialect Talker Interference Replication
2.3.1. Listeners
Forty-five adult visitors to the Center of Science and Industry (COSI) museum in 

Columbus, Ohio, participated as listeners in experiment 1C. Data from listeners who 
used only one hand to make their responses (n = 1), who reported a history of a hear-
ing impairment (n = 1), who did not meet the residential history requirements (n = 20), 
or whose mean response times were more than 2 SDs slower than the mean across all 
participants (n = 1) were excluded prior to the analysis. The remaining 22 listeners (14 
female, 8 male) were monolingual native speakers of American English who had lived 
exclusively in the Midland dialect region before the age of 18 years and ranged in age 
from 18 to 53 years (mean = 34, SD = 12).1

2.3.2. Stimulus Materials
The same four talkers produced the stimulus materials in this experiment as in 

experiment 1A. The stimulus materials consisted of one token of each of the words had 
and head produced in isolation by each of the four talkers, for a total of eight stimulus 
tokens. The formant trajectories for each of the two vowels are illustrated in figure 2 
for the Midland (darker symbols) and Northern (lighter symbols) talkers for had and 
head. For each vowel, the first and second formant frequencies were estimated at 35%, 
50%, and 65% of the vowel duration. Each trajectory is labeled in figure 2 at the begin-
ning of the trajectory with the talker identifier (MiA, MiB, NoA, or NoB) and the target 
word (had or head). The total duration of each vowel token, the total trajectory length 
of each vowel token, the average acoustic distance between each vowel pair, and the 
total duration of each word token are provided in table 4.

For the Midland talkers, the vowel in had is lower than the vowel in head, and for 
Midland talker B, the vowel in had is more front than the vowel in head. As shown 
in table 4, the vowel in had is also longer in duration and trajectory length than the 
vowel in head for both Midland talkers. For the Northern talkers, the vowel in had 
is more front than the vowel in head, and for Northern talker B, the vowel in had is 

1 Given the wider age range of participants in this experiment, the residential history criteria were relaxed 
relative to those used in experiments 1A and 1B. Of the 22 participants in this experiment, 16 were lifetime 
residents of the Midland dialect region. Of the 6 who had lived outside this region, only 1 had lived in the 
Northern region.
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lower than the vowel in head. As shown in table 4, the vowel in had is also longer in 
duration and trajectory length than the vowel in head for the Northern talkers. Thus, 
the Northern talkers exhibit lowering and/or backing of /ɛ/ and fronting and/or diph-
thongization of /æ/, consistent with the Northern Cities vowel shift. Despite the con-
siderable variation in the acoustic characteristics of the vowels across talkers, for all 
four talkers, the vowels in had and head are well separated in the acoustic space, as 
shown by the mean vowel distance measure in table 4. Further, although the primary 
dimension of contrast (F1 vs. F2) differs across the two dialects, relative duration and 
trajectory length are robust cues for vowel category across dialects.

The two target words are reasonably well matched for log frequency (had: 4.71; 
head: 3.63) to avoid potential item-specific biases in lexical classification. Each token 
was stored in an individual digital audio file with a sampling rate of 22,050 Hz and 
16-bit resolution.

F2 (Hz)

F1
 (H

z)

2,600 2,400 2,200

MiA-head MiB-head

NoB-had
MiA-hadMiB-had

NoA-had

NoA-head

NoB-head

2,000 1,800
500

600

700

800

900

1,000

Fig. 2. First and second for-
mant frequencies of the two 
Midland (MiA, MiB) and two 
Northern (NoA, NoB) had and 
head tokens at 35%, 50%, and 
65% of the vowel duration. 
Trajectories are labeled at the 
35% point. All tokens were 
also used in experiment 1D. 
Black: MiA; dark gray: MiB; 
light gray: NoB; white: NoA. 
Circles denote head tokens and 
triangles denote had tokens.

Table 4. The total duration of each vowel token, the total trajectory length of each vowel token 
between the 35% and 65% points (calculated as the summed Euclidean distance in the F1 × F2 plane 
between the 35% and 50% points and the 50% and 65% points), the average acoustic distance between 
each vowel pair (calculated as the mean Euclidean distance in the F1 × F2 plane at the 35%, 50%, and 
65% points), and the total duration of each word token in experiments 1C and 1D

Target Midland A Midland B Northern A Northern B

Vowel duration, ms had
head

212
207

223
147

290
190

341
200

Vowel trajectory, Hz had
head

239
69

238
114

292
200

164
111

Vowel distance, Hz had/head 319 308 327 206

Word duration, ms had
head

438
434

423
330

549
540

689
508
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2.3.3. Procedure
The procedure was identical to experiment 1A, except that two of the conditions 

involved the Midland and Northern tokens of had and head instead of bad and bed. The 
remaining two conditions are discussed as experiment 2C below. The order of the four 
conditions was balanced across participants.

2.3.4. Results and Discussion
As in experiment 1A, performance in the lexical classification task was excel-

lent; overall accuracy was 91%. A summary of the accuracy and response times in the 
lexical classification task for each talker dialect in each block is shown in table 5. A 
repeated-measures ANOVA of mean lexical classification accuracy with block (single-
talker vs. mixed-talker) and talker dialect (Midland vs. North) as within-subject vari-
ables revealed significant main effects of block [F(1, 21) = 7.78, p = 0.011] and talker 
dialect [F(1, 21) = 41.73, p < 0.001]. The block × talker dialect interaction was not 
significant. As in experiment 1A, performance was more accurate for the local Midland 
talkers than for the non-local Northern talkers and in the single-talker blocks than in the 
mixed-talker blocks.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 21) = 17.80, p < 0.001] and talker 
dialect [F(1, 21) = 110.32, p < 0.001]. The block × talker dialect interaction was not 
significant. As in experiment 1A, responses were faster for the Midland talkers than 
for the Northern talkers and in the single-talker blocks than in the mixed-talker blocks.

Taken together, the results of this experiment replicate the findings from experi-
ment 1A with different stimulus materials and a more heterogeneous Midland listener 
population with respect to age and residential history: overall performance was faster 
and more accurate for the local Midland talkers than for the non-local Northern talk-
ers and in the single-talker blocks than in the mixed-talker blocks. As in experiment 
1A, an inspection of table 4 reveals that the Northern target words were longer in 
duration than the Midland target words, but a linear regression model predicting the 
mean response time for each target stimulus from talker dialect accounted for more 
variance (r2 = 0.70, d.f. = 6, p = 0.010) than a comparable model with word dura-
tion as a predictor variable (r2 = 0.58, d.f. = 6, p = 0.028), suggesting that at least 
some of the variance in the response times reflects an effect of talker dialect, beyond 
the simple effect of stimulus duration. Further, as in experiment 1A, the interaction 
between talker dialect and block was not significant for either accuracy or response 
times, suggesting that the talker interference effect was similar in magnitude across 
the two dialects. Experiment 1D was designed as a replication of experiment 1B with 
different target words (had and head), two mixed-dialect talker pairs, and the more 

Table 5. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 1C

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

Midland 0.97 (0.03) 0.96 (0.04) 652 (83) 684 (66)
North 0.88 (0.11) 0.85 (0.09) 799 (127) 846 (102)
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heterogeneous Midland listener population to further confirm the effect of dialect 
interference above and beyond the talker interference effect for these two dialects for 
Midland listeners.

2.4. Experiment 1D: Cross-Dialect Interference Replication
2.4.1. Listeners
Fifty adult COSI visitors participated as listeners in experiment 1D. Data from lis-

teners who reported a history of a speech or hearing impairment (n = 3), who reported 
a native language other than English (n = 1), who did not meet the residential history 
requirements (n = 23), or whose mean response times were more than 2 SDs slower 
than the mean across all participants (n = 2) were excluded prior to the analysis. The 
remaining 21 listeners (10 female, 11 male) were monolingual native speakers of 
American English who had lived exclusively in the Midland dialect region before the 
age of 18 years and ranged in age from 18 to 64 years (mean = 28, SD = 13).2

2.4.2. Stimulus Materials
The same eight stimulus tokens produced by the same four talkers were used in 

this experiment as in experiment 1C.

2.4.3. Procedure
The procedure was similar to experiment 1B, except that participants com-

pleted four conditions of the speeded lexical classification task. Two of the conditions 
involved the Midland and Northern tokens of had and head. In one of these conditions, 
Midland talker A and Northern talker A were presented in separate single-talker blocks 
and together in a mixed-talker block, as in experiment 1B. In the other condition, 
Midland talker B and Northern talker B were presented in separate single-talker blocks 
and together in a mixed-talker block. Thus, this experiment involved two mixed-dialect 
talker pairs, whereas experiment 1B involved only a single mixed-dialect talker pair. 
The remaining two conditions are discussed as experiment 2D below. The order of the 
four conditions was balanced across participants.

2.4.4. Results and Discussion
As in experiment 1B, performance in the lexical classification task was excel-

lent; overall accuracy was 92%. A summary of the accuracy and response times in 
the lexical classification task for each talker dialect in each block is shown in table 
6. A repeated-measures ANOVA of mean lexical classification accuracy with block 

Table 6. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 1D

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

Midland 0.98 (0.03) 0.97 (0.04) 653 (98) 726 (88)
North 0.90 (0.10) 0.84 (0.09) 778 (106) 818 (111)

2 Of the 21 participants in this experiment, 14 were lifetime residents of the Midland dialect region. Of the 7 
who had lived outside this region, 2 had lived in the Northern region.
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(single-talker vs. mixed-talker) and talker dialect (Midland vs. North) as within-subject 
variables revealed significant main effects of block [F(1, 20) = 4.92, p = 0.038] and 
talker dialect [F(1, 20) = 42.40, p < 0.001], as well as a significant block × talker dia-
lect interaction [F(1, 20) = 6.63, p = 0.018]. As in experiment 1B, performance was 
more accurate for the local Midland talkers than for the non-local Northern talkers and 
in the single-talker blocks than in the mixed-talker blocks. Further, the block × talker 
dialect interaction reflects a significant block effect for the Northern talkers [t(20) = 
3.68, p = 0.001], but not for the Midland talkers [t(20) = 0.04, n.s.], suggesting a larger 
dialect interference effect on accuracy for the non-local Northern talkers than for the 
local Midland talkers.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 20) = 30.26, p < 0.001] and talker 
dialect [F(1, 20) = 160.43, p < 0.001], as well as a significant block × talker dialect 
interaction [F(1, 20) = 6.38, p = 0.020]. As in experiment 1B, responses were faster for 
the Midland talkers than for the Northern talkers and in the single-talker blocks than in 
the mixed-talker blocks. Further, the magnitude of the block effect was larger for the 
Midland talkers [t(20) = 5.91, p < 0.001] than for the Northern talkers [t(20) = 2.76, p = 
0.012], consistent with the larger dialect interference effect on response times observed 
for the local Midland talkers than for the non-local Northern talkers in experiment 1B.

Taken together, the results of this experiment replicate the findings from experi-
ment 1B: speeded lexical classification accuracy was near ceiling, performance was 
faster and more accurate for the local Midland talkers than for the non-local Northern 
talkers, and performance was faster and more accurate in the single-talker blocks than 
in the mixed-talker blocks. Further, as in experiment 1B, the interaction between block 
and talker dialect for response times revealed a greater dialect interference effect for 
the Midland talkers than for the Northern talkers. The results of experiment 1D fur-
ther revealed a significant interaction between block and talker dialect for accuracy, 
which revealed a greater dialect interference effect for the Northern talkers than for the 
Midland talkers.

2.4.5. Talker versus Dialect Interference (Experiments 1C and 1D)
To further explore the differences in the block and talker dialect effects between 

experiments 1C and 1D, a repeated-measures ANOVA was conducted on lexical classi-
fication accuracy with block (single-talker vs. mixed-talker) and talker dialect (Midland 
vs. North) as within-subject variables and experiment (1C vs. 1D) as a between-subject 
variable. The analysis revealed significant main effects of block [F(1, 41) = 11.35, p = 
0.002] and talker dialect [F(1, 41) = 84.07, p < 0.001], as well as a significant block × 
talker dialect interaction [F(1, 41) = 4.35, p = 0.043]. The main effect of experiment 
and the other interactions were not significant. The significant main effects of block 
and talker dialect are consistent with the effects observed in each of the experiments 
separately. The significant block × talker dialect interaction is driven primarily by the 
significant interaction observed in experiment 1D (see tables 5, 6), suggesting greater 
dialect interference for Northern talkers than Midland talkers for accuracy, although the 
three-way experiment × block × talker dialect interaction does not reach significance.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 41) = 47.01, p < 0.001] and talker 
dialect [F(1, 41) = 219.22, p < 0.001], as well as significant experiment × talker dia-
lect [F(1, 41) = 6.26, p = 0.016] and experiment × block × talker dialect [F(1, 41) = 

D
ow

nl
oa

de
d 

by
: 

O
hi

o 
S

ta
te

 U
ni

ve
rs

ity
   

   
   

   
   

   
   

   
   

   
   

 
12

8.
14

6.
17

2.
51

 -
 9

/1
2/

20
16

 5
:3

8:
33

 P
M



41Phonetica 2017;74:25–59
DOI: 10.1159/000446809

Dialect Interference in Lexical Processing

4.78, p = 0.035] interactions. The main effect of experiment and the other interactions 
were not significant. The significant main effects of block and talker dialect are con-
sistent with the effects observed in each of the experiments separately. The significant 
experiment × talker dialect interaction reflects a larger overall effect of talker dialect 
on response times in experiment 1C than in experiment 1D. The significant three-way 
interaction reflects a significant experiment × block interaction for the Midland talk-
ers [F(1, 41) = 4.70, p = 0.036], but not for the Northern talkers [F(1, 41) = 0.50, n.s.]. 
As in the comparison of experiments 1A and 1B, this three-way interaction confirms 
a dialect interference effect on response times for the Midland talkers that exceeds the 
simple talker interference effect.

These results also provide additional evidence for dialect interference on accuracy 
for the Northern talkers, reflecting a speed-accuracy trade-off. In particular, for the 
local Midland variety, overall accuracy was near ceiling in experiment 1D in both the 
single- and mixed-talker blocks (98 and 97%, respectively), and the dialect interfer-
ence effect was realized by greater slowing in response times in the mixed-talker block 
relative to the single-talker block in experiment 1D than in experiment 1C. For the less 
familiar Northern variety, responses were already slower overall in the single-talker 
block in experiment 1D. To maintain similar response times across talker dialects in the 
mixed-talker block, the listeners sacrificed accuracy for response time for the Northern 
talkers, resulting in a significant decrease in accuracy from the single-talker blocks 
(90%) to the mixed-talker blocks (84%) for the Northern talkers only, as revealed by 
the significant block × talker dialect interaction for accuracy in experiment 1D but 
not in experiment 1C. Thus, the dialect interference effect for the Northern talkers 
was realized by less accurate lexical classification performance, whereas the dialect 
interference effect for the Midland talkers was realized by slower lexical classification 
performance. This asymmetry in the dialect interference effect for the Midland and 
Northern talkers reflects a classic speed-accuracy trade-off resulting from the mismatch 
in processing difficulty between the easy (fast and accurate) local Midland dialect and 
the harder (slower and less accurate) non-local Northern dialect. The experiment × 
talker dialect interaction for response times further captures this speed-accuracy trade-
off: responses were slower overall for Midland talkers in experiment 1D than in experi-
ment 1C, consistent with the effect of dialect interference on response times, but faster 
overall for Northern talkers in experiment 1D than in experiment 1C, consistent with a 
speed-accuracy trade-off in the more difficult mixed-dialect condition.

The results of experiment 1D therefore replicate the effects observed in experi-
ment 1B with different target words with different acoustic properties (see fig. 1, 2; 
tables 1, 4), with a second mixed-dialect pair of talkers, and with a more heteroge-
neous Midland listener population with respect to age and residential history. Together, 
this set of four experiments provide strong evidence for dialect interference effects on 
speeded lexical processing for Midland listeners for the local Midland dialect and the 
non-local Northern dialect. These interference effects emerge in the accuracy domain 
for talkers of the more difficult, non-local Northern dialect and in the response time 
domain for talkers of the easier, local Midland dialect.

In experiment 2, two non-local dialects were used to explore how the dialect 
interference effect is realized when the local dialect is not present and the mismatch 
in overall processing difficulty between the two dialects is reduced. In particular, the 
highly enregistered Southern dialect was compared to the non-enregistered Northern 
dialect for the variables /ɑj/ and /ɑ/. Monophthongization of /ɑj/ is a stereotypical 
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feature of Southern American English, whereas lowering and fronting of /ɑ/ is a non-
stereotyped feature of the Northern Cities vowel shift. Given that the Southern dia-
lect is likely to be familiar through the media and shared social stereotypes (Clopper 
et al., 2012; Plichta and Preston, 2005), the Southern monophthongal /ɑj/ should be 
salient to the Midland listeners. By contrast, given that the Northern dialect is non-
enregistered (Campbell-Kibler, 2012), the fronted Northern /ɑ/, like the Northern /ɛ, 
æ/ in experiment 1, is not expected to be salient to Midland listeners. If the dialect 
interference effects observed in experiment 1 critically require competition between 
an easy, familiar dialect and a harder, less familiar dialect, a different pattern of inter-
ference effects may emerge when Northern and Southern dialects are mixed. Although 
the Southern dialect is socially enregistered and may be easier to process than the 
non-enregistered Northern dialect for Midland listeners, the Southern dialect should 
still be more difficult to process than the local Midland variety (Clopper and Bradlow, 
2008; Labov and Ash, 1997).

3. Experiment 2: Non-Local Northern versus Non-Local Southern 
American English

3.1. Experiment 2A: Within-Dialect Talker Interference
3.1.1. Listeners
The same listeners from experiment 1A also completed experiment 2A in a single 

experimental session.

3.1.2. Stimulus Materials
Both Northern talkers from experiment 1A were used in experiment 2A. In addi-

tion, two female talkers of the Southern dialect of American English were selected 
from the Indiana Speech Project corpus (Clopper et al., 2002). The Southern talkers 
had lived exclusively in the Indiana suburbs of Louisville, Kentucky, before the age of 
18 years, and their parents were also from the same region. The Southern talkers were 
22 years old at the time of recording.

The stimulus materials consisted of one token of each of the words sod and side 
produced by each of the four talkers, for a total of eight stimulus tokens. The for-
mant trajectories for each of the two vowels are illustrated in figure 3 for the Southern 
(darker symbols) and Northern (lighter symbols) talkers for sod and side. For each 
vowel, the first and second formant frequencies were estimated at 35%, 50%, and 65% 
of the vowel duration. Each trajectory is labeled in figure 3 at the beginning of the 
trajectory with the talker identifier (NoA, NoB, SoA, and SoB) and the target word 
(sod or side). The total duration of each vowel token, the total trajectory length of each 
vowel token, the average acoustic distance between each vowel pair, and the total dura-
tion of each word token are provided in table 7.

For the Southern talkers, the vowel in side is more front and longer in duration 
than the vowel in sod. For Southern talker A, the trajectories of sod and side are simi-
lar, but for Southern talker B, the trajectory of side is longer than the trajectory of sod. 
However, both of the Southern talkers exhibit some monophthongization of /ɑj/, as 
expected. For Northern talker A, the vowel in side is higher than the vowel in sod, and 
for Northern talker B, the vowel in side is more front than the vowel in sod. All of the 
Northern vowels are more front than the Southern vowels. Thus, the Northern talkers 
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exhibit fronting and lowering of /ɑ/, consistent with the Northern Cities vowel shift. 
The Northern vowels are not clearly distinguished by duration, but the overall for-
mant trajectory is longer for side than for sod for both talkers. Despite the considerable 
variation in the acoustic characteristics of the vowels across talkers, for all four talkers, 
the vowels in sod and side are well separated in the acoustic space, as shown by the 
vowel distance measures in table 7. Further, although the overall F2 of the two vowels 
and the relative degree of diphthongization as captured by the trajectory length differ 
across the two dialects, spectral differences remain a robust cue for vowel category 
across dialects.

The target words are somewhat less well matched for log frequency than in experi-
ment 1 (sod: 1.48; side: 3.58), given the limited number of minimal pairs in English 
containing the target contrast. An inspection of the responses confirmed that side was 
selected as the response on 53% of the trials, suggesting a modest frequency-based 
response bias. Each token was stored in an individual digital audio file with a sampling 
rate of 22,050 Hz and 16-bit resolution.

2,400 2,200 2,000 1,800 1,600

NoA-side
NoB-side

SoB-side

NoB-sod

NoA-sod
SoA-side

SoA-sod

SoB-sod

F2 (Hz)
1,400 1,200 1,000

400

600

F1
 (H

z)

800

1,000

1,200

Fig. 3. First and second for-
mant frequencies of the two 
Southern (SoA, SoB) and two 
Northern (NoA, NoB) sod and 
side tokens at 35%, 50%, and 
65% of the vowel duration. 
Trajectories are labeled at the 
35% point. The Southern A and 
Northern A tokens were also 
used in experiment 2B. Black: 
SoA; dark gray: SoB; light 
gray: NoB; white: NoA. Circles 
denote side tokens and trian-
gles denote sod tokens.

Table 7. The total duration of each vowel token, the total trajectory length of each vowel token 
between the 35% and 65% points (calculated as the summed Euclidean distance in the F1 × F2 plane 
between the 35% and 50% points and the 50% and 65% points), the average acoustic distance between 
each vowel pair (calculated as the mean Euclidean distance in the F1 × F2 plane at the 35%, 50%, and 
65% points), and the total duration of each word token in experiments 2A and 2B

Target Southern A Southern B Northern A Northern B

Vowel duration, ms sod
side

286
326

352
388

278
379

273
273

Vowel trajectory, Hz sod
side

149
99

297
430

141
646

70
376

Vowel distance, Hz sod/side 332 420 461 414

Word duration, ms sod
side

578
548

723
712

584
810

659
619
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3.1.3. Procedures
The procedures were identical to those used in experiment 1A, except that the 

response alternatives were sod (left button) and side (right button).

3.1.4. Results and Discussion
As in experiment 1, performance in the lexical classification task was excel-

lent; overall accuracy was 91%. A summary of the accuracy and response times in 
the lexical classification task for each talker dialect in each block is shown in table 
8. A repeated-measures ANOVA of lexical classification accuracy with block (single-
talker vs. mixed-talker) and talker dialect (North vs. South) as within-subject variables 
revealed no significant main effects or interactions.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 20) = 22.76, p < 0.001] and talker 
dialect [F(1, 20) = 11.61, p = 0.003]. The block × talker dialect interaction was not 
significant. Responses were faster for the Southern talkers than for the Northern talkers 
and in the single-talker blocks than in the mixed-talker blocks.

Taken together, the results of this experiment reveal that lexical classification 
responses were faster in the single-talker blocks than in the mixed-talker blocks, 
consistent with the talker interference effects observed in experiment 1. The block 
effects in experiments 1A and 2A were comparable in magnitude (65 and 67 ms, 
respectively), providing further evidence for the robustness of the within-dialect 
talker interference effect across dialects and vowel categories. Lexical classifica-
tion performance was also faster for the Southern talkers than for the Northern talk-
ers. However, the Southern stimulus tokens were also shorter in duration than the 
Northern stimulus tokens. Unlike in experiment 1, a linear regression model predict-
ing mean response time for each target stimulus from talker dialect accounted for less 
variance (r2 = 0.25, d.f. = 6, n.s.) than a comparable model with word duration as a 
predictor (r2 = 0.55, d.f. = 6, p = 0.035). Thus, the faster performance on trials with 
Southern talkers than Northern talkers by the Midland listeners may reflect proper-
ties of the stimulus materials rather than suggesting that stereotyped non-local vari-
ants (i.e., Southern /ɑj/) are easier to process than non-stereotyped non-local variants 
(i.e., Northern /ɑ/).

As in experiment 1, the block × talker dialect interactions were not significant, 
suggesting that although within-dialect talker variability reduced the speed of lexical 
classification performance, mixing two talkers of a stereotyped variety did not cre-
ate significantly more or less interference than mixing two talkers of a non-stereo-
typed variety (see also experiment 2C in section 3.3). The lexical classification task 

Table 8. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 2A

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

South 0.94 (0.06) 0.93 (0.08) 718 (91) 791 (109)
North 0.90 (0.12) 0.89 (0.09) 772 (80) 833 (88)
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in experiment 2B, in which the mixed-talker block included both a Northern and a 
Southern talker, explored the effects of mixing these Northern and Southern variants on 
dialect interference effects in lexical processing.

3.2. Experiment 2B: Cross-Dialect Interference
3.2.1. Listeners
Sixty-four undergraduates at Ohio State University participated as listeners in 

experiment 2B. They received partial course credit in an introductory linguistics course 
for participating. Data from listeners who were bilingual (n = 9), who reported a his-
tory of a speech or hearing disorder (n = 5), who used only one hand to make their 
responses (n = 1), who did not meet the residential history requirements (n = 27), or 
whose mean response times were more than 2 SDs slower than the mean across all 
participants (n = 2) were excluded prior to the analysis. The remaining 20 listeners 
(16 female, 4 male) were monolingual native speakers of American English who were 
lifetime residents of the Midland dialect region and ranged in age from 18 to 28 years 
(mean = 20, SD = 2).

3.2.2. Stimulus Materials
The stimulus materials consisted of one token of the words sod and side produced 

by Northern talker A and Southern talker A from experiment 2A, for a total of four 
stimulus tokens (see fig. 3).

3.2.3. Procedures
The procedures were identical to those used in experiment 1B, except that the 

response alternatives were sod and side in the lexical classification task. As in experi-
ment 1B, performance on the dialect classification task was not significantly different 
from chance and will not be discussed further.

3.2.4. Results and Discussion
Overall accuracy in the lexical classification task was excellent (81%), although 

somewhat lower than the accuracy observed in experiment 2A. A summary of the accu-
racy and response times in the lexical classification task is shown in table 9 for each 
talker dialect in each block. A repeated-measures ANOVA of mean lexical classifi-
cation accuracy with block (single-talker vs. mixed-talker) and talker dialect (North 
vs. South) as within-subject variables revealed a significant main effect of block [F(1, 
19) = 8.94, p = 0.008]. Performance was more accurate in the single-talker blocks than 
in the mixed-talker block. The main effect of talker dialect and the block × talker dia-
lect interaction were not significant.

Table 9. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 2B

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

South 0.81 (0.25) 0.79 (0.24) 763 (127) 871 (151)
North 0.88 (0.17) 0.78 (0.16) 905 (191) 978 (107)
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A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 19) = 12.75, p = 0.002] and talker 
dialect [F(1, 19) = 54.55, p < 0.001]. Responses were faster in the single-talker blocks 
than in the mixed-talker block and for the Southern talker than for the Northern talker. 
The block × talker dialect interaction was not significant.

Taken together, the results of this experiment revealed slower and less accurate 
performance in the mixed-talker block than in the single-talker blocks, consistent 
with the results of experiment 1, in which significant talker interference effects were 
also observed. The analysis of the response times also revealed significantly slower 
responses for the Northern talker than for the Southern talker, replicating the talker 
dialect effect observed in experiment 2A. Unlike in experiment 2A, however, the effect 
of block was significant for accuracy in this experiment.

3.2.5. Talker versus Dialect Interference (Experiments 2A and 2B)
To further explore the differences in the block and talker dialect effects between 

experiments 2A and 2B, a repeated-measures ANOVA was conducted on lexical clas-
sification accuracy with block (single-talker vs. mixed-talker) and talker dialect (North 
vs. South) as within-subject variables and experiment (2A vs. 2B) as a between-subject 
variable. The analysis revealed significant main effects of block [F(1, 39) = 9.90, p = 
0.003] and experiment [F(1, 39) = 4.53, p = 0.040], as well as a significant experi-
ment × block interaction [F(1, 39) = 4.68, p = 0.037]. Performance was more accurate 
in the single-talker blocks than the mixed-talker blocks and in experiment 2A than in 
experiment 2B. The significant experiment × block interaction reflects a larger block 
effect in experiment 2B, in which the mixed-talker block included talkers from differ-
ent dialects, than in experiment 2A, in which the mixed-talker blocks included talkers 
from the same dialect. This result confirms a dialect interference effect on accuracy 
that exceeds a simple talker interference effect. Unlike in experiment 1, however, this 
dialect interference effect was consistent across the two talker dialects and the three-
way experiment × block × talker dialect interaction was not significant.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of experiment [F(1, 39) = 12.14, p = 0.001], block 
[F(1, 39) = 31.39, p < 0.001], and talker dialect [F(1, 39) = 56.16, p < 0.001], as well 
as a significant experiment × talker dialect interaction [F(1, 39) = 6.99, p = 0.012]. 
The other interactions were not significant. Although responses were slower overall 
in experiment 2B than in experiment 2A, the slowing across experiments was greater 
for the Northern talker (139 ms) than for the Southern talker (62 ms), especially in 
the mixed-talker block (see tables 8, 9). This interaction suggests that although the 
overall effect of talker dialect on response times in experiment 2A may reflect a 
simple effect of stimulus duration, the larger effect of talker dialect in experiment 
2B likely reflects dialect interference for the Northern talkers, above and beyond the 
stimulus duration effect. That is, the experiment × talker dialect interaction provides 
indirect evidence for a dialect interference effect on response times for Northern talk-
ers that exceeds within-dialect talker interference. This result parallels the compa-
rable effect on accuracy in experiment 1, in which the effect of experiment (i.e., 
within- vs. cross-dialect mixed-talker blocks) was greater for the Northern talker than 
for the Midland talker.

This comparison between experiments 2A and 2B thus reveals further evidence 
for dialect interference effects beyond simple talker interference effects and suggests 
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that dialect interference effects can be observed with two non-local varieties. For 
Midland listeners, mixing Northern and Southern talkers in a single experimental block 
results in significant dialect interference effects on accuracy for both talker dialects 
and on response times for Northern talkers only. This pattern differs from the dialect 
interference effects observed in experiment 1, in which accuracy effects were observed 
primarily for Northern talkers and response time effects were observed primarily for 
Midland talkers. However, the combined effects of dialect interference on accuracy 
and response times for the Northern talkers may also reflect a speed-accuracy trade-off, 
as in experiment 1. In particular, the Midland listeners may sacrifice accuracy for both 
Northern and Southern talkers, but also sacrifice response times for the Northern talk-
ers to avoid an even larger reduction in accuracy.

As in experiment 1, the results of experiments 2A and 2B are based on a single 
pair of target words produced by two pairs of talkers in experiment 2A and by a single 
pair of talkers in experiment 2B. Replication of the results with additional materials is 
therefore critical for ensuring that the results do not reflect mere idiosyncrasies of the 
stimulus tokens (Clark, 1973; Larzelere et al., 2015; Monin and Oppenheimer, 2014; 
Westfall et al., 2015). In experiments 2C and 2D, the effects of talker and dialect inter-
ference were confirmed for Northern and Southern talkers with a different pair of tar-
get words (rod, ride), two pairs of talkers in both the talker interference (experiment 
2C) and dialect interference (experiment 2D) conditions, and a more heterogeneous 
Midland listener population, recruited from the local science museum instead of the 
university campus.

3.3. Experiment 2C: Within-Dialect Talker Interference Replication
3.3.1. Listeners
The same listeners from experiment 1C also completed experiment 2C in a single 

experimental session.3

3.3.2. Stimulus Materials
The same four talkers were used in this experiment as in experiment 2A. The 

stimulus materials consisted of one token of each of the words rod and ride produced 
by each of the four talkers, for a total of eight stimulus tokens. The formant trajectories 
for each of the two vowels are illustrated in figure 4 for the Southern (darker symbols) 
and Northern (lighter symbols) talkers for rod and ride. For each vowel, the first and 
second formant frequencies were estimated at 35%, 50%, and 65% of the vowel dura-
tion. Each trajectory is labeled in figure 4 at the beginning of the trajectory with the 
talker identifier (NoA, NoB, SoA, or SoB) and the target word (rod or ride). The total 
duration of each vowel token, the total trajectory length of each vowel token, the aver-
age acoustic distance between each vowel pair, and the total duration of each word 
token are provided in table 10.

For the Southern talkers, the vowel in ride is more front and longer in duration 
than the vowel in rod. The trajectory of ride is also longer than the trajectory of rod for 
both Southern talkers, although the relatively short trajectories of ride confirm some 
monophthongization of /ɑj/ for both talkers, as expected. For Northern talker A, the 
vowel in ride is more front than the vowel in rod, and for Northern talker B, the vowel 

3 Of the 6 participants who had lived outside the Midland dialect region after the age of 18 years, 1 had lived 
in the Northern region and 2 had lived in the Southern region.
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in ride is higher than the vowel in rod. The Northern rod vowels are more front than the 
Southern rod vowels. Thus, the Northern talkers exhibit fronting and lowering of /ɑ/, 
consistent with the Northern Cities vowel shift. The Northern vowels are less clearly 
distinguished by duration, but the overall formant trajectory is longer for ride than for 
rod for both talkers. Despite the considerable variation in the acoustic characteristics 
of the vowels across talkers, for all four talkers, the vowels in rod and ride are well 
separated in the acoustic space, as shown by the vowel distance measure in table 10. 
Further, although the overall F2 of rod and the relative degree of diphthongization of 
ride as captured by the trajectory length differ across the two dialects, spectral differ-
ences remain a robust cue for vowel category across dialects.

The target words are reasonably well matched for log frequency (rod: 2.26; ride: 
2.69) to avoid potential item-specific biases in lexical classification. Each token was 
stored in an individual digital audio file with a sampling rate of 22,050 Hz and 16-bit 
resolution.

Table 10. The total duration of each vowel token, the total trajectory length of each vowel token 
between the 35% and 65% points (calculated as the summed Euclidean distance in the F1 × F2 plane 
between the 35% and 50% points and the 50% and 65% points), the average acoustic distance between 
each vowel pair (calculated as the mean Euclidean distance in the F1 × F2 plane at the 35%, 50%, and 
65% points), and the total duration of each word token in experiments 2C and 2D

Target Southern A Southern B Northern A Northern B

Vowel duration, ms rod
ride

277
309

248
322

276
321

272
253

Vowel trajectory, Hz rod
ride

39
347

154
363

153
657

27
589

Vowel distance, Hz rod/ride 443 361 371 290

Word duration, ms rod
ride

432
477

484
608

592
540

617
554

2,400 2,200 2,000 1,800 1,600

NoB-ride
SoA-ride

SoB-ride

NoB-rod
NoA-rod

NoA-ride

SoA-rod

SoB-rod

F2 (Hz)
1,400 1,200 1,000

400

600

F1
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z)

800

1,000

1,200

Fig. 4. First and second for-
mant frequencies of the two 
Southern (SoA, SoB) and two 
Northern (NoA, NoB) rod and 
ride tokens at 35%, 50%, and 
65% of the vowel duration. 
Trajectories are labeled at the 
35% point. All tokens were 
also used in experiment 2D. 
Black: SoA; dark gray: SoB; 
light gray: NoB; white: NoA. 
Circles denote ride tokens and 
triangles denote rod tokens.
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3.3.3. Procedure
The procedures were identical to those used in experiment 1C, except that the 

response alternatives were rod (left button) and ride (right button).

3.3.4. Results and Discussion
As in experiment 2A, performance in the lexical classification task was excel-

lent; overall accuracy was 93%. A summary of the accuracy and response times in 
the lexical classification task for each talker dialect in each block is shown in table 
11. A repeated-measures ANOVA of mean lexical classification accuracy with block 
(single-talker vs. mixed-talker) and talker dialect (North vs. South) as within-subject 
variables revealed no significant main effects or interactions, replicating the results of 
experiment 2A.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed a significant main effect of block [F(1, 21) = 5.31, p = 0.032]. The main effect 
of talker dialect and the block × talker dialect interaction were not significant. As in 
experiment 2A, responses were faster in the single-talker block than in the mixed-
talker block.

The results of this experiment partially replicate the results of experiment 2A with 
different target words, with different stimulus materials, and with a more heteroge-
neous Midland listener population with respect to age and residential history: speeded 
lexical classification accuracy was near ceiling, no significant effects of block or talker 
dialect were observed for accuracy, and the effect of block was significant for response 
times, consistent with a talker interference effect. However, unlike in experiment 2A, 
no effect of talker dialect was observed for response times. Consistent with this lack 
of a talker dialect effect on response times, a linear regression model predicting the 
mean response time for each target stimulus from talker dialect was also not significant 
(r2 = 0.27, d.f. = 6, n.s.). Although an inspection of table 10 reveals that the Northern 
target words were longer in duration than the Southern target words, a linear regression 
model predicting the mean response time for each target stimulus from word duration 
was also not significant (r2 = 0.21, d.f. = 6, n.s.), suggesting that response times were 
not a simple reflection of variation in stimulus duration in this experiment. Further, 
as in experiment 2A, the interaction between talker dialect and block was not signifi-
cant for either accuracy or response times, suggesting comparable talker interference 
effects within each dialect. Experiment 2D was designed as a replication of experiment 
2B with different target words (rod and ride), two mixed-dialect talker pairs, and the 
more heterogeneous Midland listener population to further confirm the effect of dialect 
interference above and beyond the talker interference effect for these two dialects for 
Midland listeners.

Table 11. Mean (SD) lexical classification accuracy and response times for each talker dialect in each 
block in experiment 2C

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

South 0.93 (0.09) 0.93 (0.09) 767 (85) 818 (100)
North 0.94 (0.09) 0.93 (0.10) 815 (87) 835 (126)
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3.4. Experiment 2D: Cross-Dialect Interference Replication
3.4.1. Listeners
The same listeners from experiment 1D also completed experiment 2D in a single 

experimental session.4

3.4.2. Stimulus Materials
The same eight stimulus tokens produced by the same four talkers were used in 

this experiment as in experiment 2C.

3.4.3. Procedure
The procedures were identical to those used in experiment 1D, except that the 

response alternatives were rod (left button) and ride (right button).

3.4.4. Results and Discussion
As in the previous experiments, performance in the lexical classification task was 

excellent; overall accuracy was 92%. A summary of the accuracy and response times 
in the lexical classification task for each talker dialect in each block is shown in table 
12. A repeated-measures ANOVA of mean lexical classification accuracy with block 
(single-talker vs. mixed-talker) and talker dialect (North vs. South) as within-subject 
variables revealed no significant main effects or interactions, unlike in experiment 
2B, in which performance was less accurate overall and a main effect of block was 
observed for accuracy.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed a marginal main effect of block [F(1, 20) = 3.97, p = 0.060] and a significant 
main effect of talker dialect [F(1, 20) = 14.92, p < 0.001]. The block × talker dia-
lect interaction was not significant. As in experiment 2B, responses were faster for the 
Southern talkers than for the Northern talkers and in the single-talker blocks than in the 
mixed-talker blocks.

The results of this experiment therefore partially replicate the results of experiment 
2B: a significant effect of talker dialect was observed for response times. However, 
unlike in experiment 2B, the effect of block was only marginal for response times and 
was not significant for accuracy. These results also contrast with the results of experi-
ment 2C, in which a more robust effect of block was observed for response times, but 
the effect of talker dialect was not significant.

Table 12. Mean (SD) lexical classification accuracy and response times for each talker dialect in 
each block in experiment 2D

Accuracy Response time, ms

Talker dialect single-talker mixed-talker single-talker mixed-talker

South 0.92 (0.06) 0.93 (0.08) 772 (98) 793 (96)
North 0.93 (0.08) 0.92 (0.09) 796 (84) 817 (77)

4 Of the 7 participants who had lived outside the Midland dialect region after the age of 18 years, 2 had lived 
in the Northern region and 1 had lived in the Southern region.
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3.4.5. Talker versus Dialect Interference (Experiments 2C and 2D)
To further explore the differences in the block and talker dialect effects between 

experiments 2C and 2D, a repeated-measures ANOVA was conducted on lexical 
classification accuracy with block (single-talker vs. mixed-talker) and talker dia-
lect (North vs. South) as within-subject variables and experiment (2C vs. 2D) as a 
between-subject variable. The analysis revealed a marginal block × talker dialect 
interaction [F(1, 41) = 3.97, p = 0.053]. The main effects of experiment, block, and 
talker dialect, as well as the other interactions, were not significant. The marginal 
block × talker dialect interaction is driven primarily by the accuracy pattern observed 
in experiment 2D (see tables 11, 12), in which performance was slightly more 
accurate for the Southern talkers in the mixed-talker block than in the single-talker 
block, although neither the block × talker dialect interaction in experiment 2D nor 
the three-way experiment × block × talker dialect interaction in this analysis reach 
significance.

A parallel repeated-measures ANOVA of lexical classification response times 
revealed significant main effects of block [F(1, 41) = 9.27, p = 0.004] and talker dialect 
[F(1, 41) = 8.16, p = 0.007]. The main effect of experiment and the interactions were 
not significant. These results reflect slower overall performance in mixed-talker blocks 
than in single-talker blocks and for Southern talkers than for Northern talkers. Unlike 
in the comparison of experiments 2A and 2B, no significant effects or interactions 
involving experiment were observed in the comparison of experiments 2C and 2D. 
Thus, although the talker dialect effect was significant for response times in experi-
ment 2D, but not in experiment 2C, comparable to the pattern of dialect interference on 
response times for Northern talkers observed for experiments 2A and 2B, the experi-
ment × talker dialect interaction was not significant in this analysis.

Together, this set of four experiments provided some additional evidence for dia-
lect interference effects on speeded lexical classification accuracy and response times 
for two non-local dialects for Midland listeners, although the effects were less consis-
tent than those observed in experiment 1. In particular, more robust interference was 
observed overall in experiment 2B than in experiment 2D. In experiment 2B, dialect 
interference was observed for both talker dialects for accuracy and for Northern talk-
ers for response times, but in experiment 2D, no dialect interference was observed 
for accuracy and only weak evidence was obtained for a dialect interference effect on 
response times for the Northern talkers.5

4. General Discussion

4.1. Dialect Interference
The significant effects and interactions obtained from the eight experiments are 

summarized in table 13. Interference effects in the mixed-talker blocks were observed 
for response times in all eight experiments (although the effect was marginal in experi-
ment 2D), and in five of the eight experiments for accuracy, consistent with previous 
research demonstrating indexical interference effects in speech processing (Creelman, 
1957; Mullennix and Pisoni, 1990). The effects may have been more robust across 

5 An examination of the data for the subset of lifetime Midland participants in experiments 2C and 2D did 
not provide any additional evidence for robust dialect interference effects for the museum visitor population.
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experiments for response times than for accuracy due to the near-ceiling performance 
in this relatively easy task.

In addition, evidence for dialect interference effects beyond talker interference 
effects was obtained in both experiments 1 and 2. In experiment 1, direct evidence 
for dialect interference for Midland talkers was obtained in the experiment × block × 
talker dialect interactions for response times, and additional indirect evidence for dia-
lect interference for Northern talkers was provided by the experiment × talker dialect 
interactions for accuracy and response times. Dialect interference was more robustly 
observed in experiment 1 in response times than in accuracy, consistent with the near-
ceiling performance in accuracy across all conditions in experiment 1. In experiments 
2A and 2B, direct evidence for dialect interference was obtained for both Northern 
and Southern talkers in the experiment × block interaction for accuracy, and additional 
indirect evidence for dialect interference for Northern talkers was provided by the 
experiment × talker dialect interaction for response times. In experiment 2B, dialect 
interference was more robustly observed in accuracy than in response times, consistent 
with the lower overall performance observed in this experiment than in any of the other 
experiments. Although experiment 2D provided modest evidence for the dialect inter-
ference effect on response times for the Northern talkers, the dialect interference effect 
on accuracy for both talker dialects was not observed in experiment 2D. The reason 
for the lack of a replication of the accuracy results is not clear, but it may reflect either 
the more variable experiences of the museum visitor population due to their larger age 
range or more diverse residential histories, or a ceiling effect on accuracy that masks 
any effects of dialect familiarity or enregisterment on performance. Thus, the evidence 
for dialect interference was stronger in experiment 1 than in experiment 2.

Together, the results of this study provide evidence for the hypothesis that trial-to-
trial normalization for dialect variation involving potential phonological ambiguity is 
more costly than trial-to-trial normalization for within-dialect talker variability. Crucially, 
dialect interference effects were observed for all three dialects (Midland, Northern, 
and Southern) in both of the combinations that were examined (Midland/Northern and 
Southern/Northern), suggesting that even the local, native variety is not immune to pro-
cessing costs associated with trial-to-trial cross-dialect normalization processes.

Table 13. Summary of the significant effects in each of the eight experiments

Accuracy RTs

Experiment Interference type block dialect block × dialect block dialect block × dialect

1A within-dialect * * * *
1B between-dialect * * * * *
1C within-dialect * * * *
1D between-dialect * * * * * *
2A within-dialect * *
2B between-dialect * * *
2C within-dialect *
2D between-dialect (*) *

* Significant main effect or interaction (p < 0.05). (*) Marginal effect (p = 0.06). Shaded cells: sig-
nificant cross-experiment interactions (i.e., experiment × block, experiment × talker dialect, and 
experiment × block × dialect, respectively, at p < 0.05).
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Although dialect interference was observed for all three dialects, the pattern of 
interference varied across dialects and dialect pairs. In experiment 1, dialect interfer-
ence effects were directly observed for response times for the Midland talkers and 
were indirectly observed for accuracy for the Northern talkers. In experiment 2B, dia-
lect interference effects were directly observed for accuracy for both Southern and 
Northern talkers and were indirectly observed for response times for the Northern 
talkers. Modest indirect evidence for a dialect interference effect on response times 
for the Northern talkers was also obtained in experiment 2D. Thus, when the local 
Midland dialect was paired with the non-local Northern dialect, interference effects 
were observed in different domains for the two dialects, but when two non-local dia-
lects were paired, interference effects on accuracy were observed for both dialects, and 
interference was observed on response times only for the non-enregistered Northern 
dialect. This pattern of results suggests that dialect interference effects emerge most 
robustly in accuracy when performance is not at ceiling (i.e., for non-local talkers), 
whereas interference in response times can emerge for both easier (i.e., local) and more 
difficult (i.e., non-local) dialects, depending on other task constraints, such as overall 
speed and accuracy.

In particular, in experiment 1, responses to the local Midland talkers were faster 
and more accurate than responses to the non-local Northern talkers overall. In the 
mixed-dialect blocks, responses to the Midland talkers were slowed, but responses to 
the Northern talkers were not. Instead, the accuracy of the responses to the Northern 
talkers was reduced. Thus, performance was slowed for talkers of the easy, local 
Midland dialect, but accuracy was reduced for talkers of the more difficult, Northern 
dialect. In experiment 2B, responses to the non-local Southern talkers were faster, but 
not more accurate, than responses to the non-local Northern talkers. In the mixed-
dialect blocks, the accuracy of the responses to both dialects was reduced, consistent 
with the realization of the dialect interference effect in accuracy for non-local dialects. 
However, responses to the non-stereotyped Northern dialect were also slowed, whereas 
responses to the stereotyped Southern dialect were not, suggesting an effect of social 
stereotyping on the magnitude of the dialect interference effect in response times (see 
also section 4.2).

These effects of talker and dialect variability on lexical processing can be inter-
preted as interference due to simultaneous processing of linguistic and indexical infor-
mation (Mullennix and Pisoni, 1990). In a mixed-talker block, normalization for talker 
variability is more difficult than in a single-talker block, and the normalization pro-
cess therefore interferes with lexical access and word recognition (Mullennix et al., 
1989). Crucially, the block × talker dialect interaction was not significant in any of 
the within-dialect talker interference experiments, confirming that this within-dialect 
talker variability effect is comparable in magnitude across local and non-local dialects. 
This pattern of results suggests that listeners can quickly adapt to dialect differences, 
and then normalize equally well for talker variability within the given dialect space, 
regardless of dialect familiarity. This adaptation critically does not require explicit rec-
ognition of the talker dialects, given that performance in the dialect classification tasks 
in experiments 1B and 2B was at chance level.

In a mixed-dialect block, normalization for dialect variability is more difficult 
than normalization for within-dialect talker variability, and a larger interference effect 
of normalization on lexical processing is observed. This dialect interference effect 
was obtained both for local/non-local (experiment 1) and, somewhat less robustly, for 
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non-local/non-local (experiment 2) dialect pairs. The difference in the interference 
effect across dialects suggests that the listener’s ability to quickly map the signal onto 
the correct linguistic category is a function of his or her familiarity with the variety. In 
particular, speed is sacrificed when a non-local dialect interferes with a local dialect, 
but accuracy is sacrificed when non-local dialects compete. In the latter case, speed 
may also be sacrificed for a socially non-enregistered dialect.

Thus, the results of this study reveal effects of dialect familiarity on the magnitude 
of the dialect interference effect, but no effects of dialect familiarity on the within-
dialect talker interference effect. Exploring the effects of talker variability both within 
and across dialects on lexical classification performance therefore allows us to observe 
gradience in the costs associated with the normalization process: despite overall differ-
ences in lexical classification speed and accuracy across dialects, the costs associated 
with within-dialect talker normalization do not vary across dialects. However, the costs 
associated with normalizing across dialects do vary as a function of dialect familiarity, 
which can be realized through both native dialect experience and shared social enreg-
isterment (see section 4.2). This gradience in the cost of normalization may reflect a 
hierarchy of normalization corresponding to the hierarchy of indexical categories to 
which talkers belong, with individual talker identity embedded within regional dialect. 
If the regional dialect is constant, talker normalization has a consistent cost, whereas 
if the regional dialect varies, the cost of normalization also varies. Alternatively, the 
gradience in the cost of normalization may reflect gradience in talker similarity, with 
talkers sharing a dialect being perceived as intrinsically more similar than talkers with 
different dialects. If the regional dialect is constant, talker similarity is constrained in 
particular dimensions and talker normalization has a consistent cost, whereas if the 
regional dialect varies, the degree of talker similarity is more variable, leading to vari-
ability in the cost of normalization. More research that explicitly examines the complex 
network of socioindexical categories to which any individual talker belongs is neces-
sary to determine the structure of these categories and how the lexical processing sys-
tem handles the variability associated with them.

An alternative interpretation of the significant block effect observed in all eight 
experiments in the current study is that it reflects facilitation of linguistic process-
ing in the single-talker block relative to the mixed-talker or mixed-dialect block. 
Normalization for a single talker is easier than for multiple talkers or dialects, and 
therefore interferes less with lexical access and word recognition. In an exemplar-based 
account (e.g., Johnson, 1997), the recently encountered exemplars from the talker 
in a single-talker block facilitate talker normalization by raising the activation level 
of relevant talker-specific exemplars. Similarly, the recently encountered exemplars 
from the talkers in the single-dialect block facilitate talker normalization relative to a 
mixed-dialect block by raising the activation level of relevant dialect-specific exem-
plars. Although the interference and facilitation interpretations of the talker variability 
effects implicitly suggest different processing baselines, the two accounts are equiva-
lent in that they both describe the significant difference observed between the various 
processing conditions. Given that overall performance in the single-talker blocks in 
the current set of experiments was near ceiling, the results are discussed with respect 
to interference, but the theoretical arguments are also compatible with a facilitation 
interpretation.

The dialect interference effects in the current study were elicited using two stim-
ulus tokens from each of two talkers in each experiment. This design was selected 
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to maximize the likelihood of observing significant dialect interference effects (cf. 
Mullennix and Pisoni, 1990). If more talker and/or token variability were introduced 
in the experiment, the response times would most likely be slower and more variable 
overall, leading to smaller differences within and across experiments. That is, variation 
in irrelevant dimensions (i.e., word and voice) would potentially obscure variation in 
the dimension of theoretical interest (i.e., talker dialect). Research examining group-
level indexical variation, such as gender or regional dialect, is always faced with this 
trade-off between ideal random sampling of stimulus materials (Baayen et al., 2008; 
Clark, 1973; Judd et al., 2012) and the reality that larger samples of stimulus materials 
contribute to noisier data. One common solution to this problem is to take the approach 
used in the current study and select a small number of stimulus items that are represen-
tative of the target categories, either based on perceptual judgments from naïve listen-
ers (e.g., Johnson et al., 1999) or based on expert assessment by the researcher (e.g., 
Floccia et al., 2006; Sumner and Samuel, 2009). This solution increases the generaliz-
ability of the results obtained with small stimulus sets, especially when the results can 
be replicated with different representative materials, as in the current study (Wells and 
Windschitl, 1999).

Thus, although generalization from this small number of tokens should proceed 
cautiously, the internal direct replication in experiment 1 provides some evidence for 
the generalizability of the results. The internal direct replication in experiment 2 was 
less robust, but several additional findings suggest that the primary findings will gen-
eralize to other stimulus materials produced by other talkers from these dialects. First, 
the acoustic analysis confirmed that these tokens are representative of their respective 
dialects (see fig. 1–4), suggesting that other, equally representative stimulus materials 
would produce similar results. Second, dialect interference effects were observed in 
both experiments 1 and 2, which involved different dialect pairs and different vowel 
variables, confirming that the dialect interference effect is replicable across different 
levels of these two factors. Thus, the results from experiment 2 provide an internal 
conceptual replication of the results obtained from experiment 1.

The primary caveat that remains with regard to generalization from these data 
relates to the selected target words. In particular, the minimal pairs in each experiment 
were selected to exploit the phonological ambiguity of the target vowel variants across 
dialects. The dialect interference effects observed in this study may therefore reflect 
this critical aspect of the stimulus materials. Dialect interference is therefore predicted 
to emerge in similar situations involving potentially phonologically ambiguous seg-
ments across dialects, but dialect interference may not emerge in other situations in 
which dialect-specific variants are not phonologically ambiguous. The full extent of 
dialect interference effects therefore remains to be determined.

4.2. Familiarity, Localness, and Enregisterment
The variation in overall accuracy for the three dialects provides some insight into 

the roles of familiarity and social enregisterment in cross-dialect lexical processing, 
independent of the dialect interference effects that were the central focus of this study. 
Performance on the local Midland talkers was consistently at 97% accuracy throughout 
experiment 1, but performance on the non-local Northern talkers ranged from 83 to 
96% accuracy across experiments, and performance on the non-local Southern talkers 
ranged from 80 to 93% accuracy in experiment 2. These results are consistent with pre-
vious research suggesting that familiarity with a specific dialect can facilitate speech 
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processing (Clopper, 2014; Floccia et al., 2006; Sumner and Samuel, 2009; see also 
Nygaard and Pisoni, 1998; Souza et al., 2013, on comparable talker familiarity effects).

However, performance was also slower for the Northern talkers than for both the 
Midland and Southern talkers overall. Although the Northern stimulus tokens were 
longer in duration than the Midland and Southern stimulus tokens, regression analyses 
revealed that stimulus duration alone was not sufficient to account for the response 
times, suggesting that word recognition may be more difficult for non-local, non-
enregistered variants than for local variants and non-local stereotyped variants. That 
is, explicit awareness of the social significance of non-local variants, such as Southern 
monophthongal /ɑj/, may speed up lexical processing relative to non-local variants that 
are not explicitly socially marked, although it does not contribute to overall accuracy. 
This result suggests that the processing costs associated with non-local, enregistered 
dialects, such as the Southern dialect for Midland listeners, are intermediate between 
the minimal processing costs associated with local dialects and the more extreme pro-
cessing costs associated with non-local, non-enregistered dialects, such as the Northern 
dialect for Midland listeners. Crucially, accurately identifying the dialects from their 
variant forms is not essential for observing these effects, because dialect classification 
performance was not different from chance in either experiment 1B or 2B. Thus, the 
explicit activation of the relevant social categories is not a necessary precondition for 
observing differential effects of dialect on lexical classification accuracy.

The observed variation in processing costs across dialects for the Midland listen-
ers further suggests variation in the representation of these dialect-specific variants. 
Local, native variants are the most robustly encoded, as a result of frequent exposure 
(Clopper, 2014). Non-local, socially enregistered variants are robustly encoded as a 
result of social salience due to stereotyping (see also Sumner and Kataoka, 2013), 
although their encoding may be weaker overall than the encoding of local variants. 
Non-local, non-enregistered variants are weakly encoded as a result of limited expo-
sure and/or limited social salience. These non-local, non-enregistered variants are pre-
dicted to include both the variants associated with a non-enregistered variety, such as 
the Northern /ɛ, æ, ɑ/ examined in this study, as well as non-stereotyped variants asso-
ciated with enregistered varieties, such as Southern /u/-fronting. This interpretation 
therefore allows for differential encoding of dialect-specific variants within and across 
dialects as a function of their social salience due to stereotyping and enregisterment.

Listeners from different regions are therefore expected to exhibit different cross-
dialect lexical processing patterns. For example, Southern listeners are expected 
to show near-ceiling performance for their native Southern dialect (Labov and Ash, 
1997; Mason, 1946), as well as for the relatively standard Midland dialect (Clopper 
and Bradlow, 2008). However, like the Midland listeners, they are expected to per-
form more poorly on the non-local, non-enregistered Northern dialect. By contrast, 
Northern listeners are expected to perform like the Midland listeners on the non-local, 
enregistered Southern dialect and the familiar, standard Midland dialect. Given that the 
Northern dialect is non-enregistered even for Northern listeners (Clopper and Bradlow, 
2008; Niedzielski, 1999), however, they may exhibit intermediate performance for the 
local, Northern dialect rather than the expected near-ceiling performance for familiar, 
native varieties (see also Clopper, 2014).

Performance on other non-local dialects is predicted to pattern along the dimen-
sions of exposure and social enregisterment, as observed in the current study. Thus, 
American English listeners are predicted to exhibit better performance on socially 
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stereotyped varieties relative to varieties that are not socially marked, as in experi-
ment 2. In addition, given Sumner and Kataoka’s (2013) findings that prestigious non-
local varieties, such as standard Southern British English, are processed differently 
by General American listeners than non-prestigious, non-local varieties, such as New 
York City English, the prestige associated with the socially enregistered varieties may 
also impact speeded lexical processing. Thus, whereas Southern American English 
enjoys some covert prestige among non-Southerners as sounding pleasant (Niedzielski 
and Preston, 2000), which may facilitate processing relative to the non-enregistered 
Northern dialect, a variety like New York City English, which is generally not per-
ceived as prestigious by non-locals, may exhibit intermediate performance between a 
more prestigious variety and a non-enregistered variety.

The comparisons in the current study further suggest that familiarity can result 
from many different kinds of exposure, including native experience with the local vari-
ety and experience with enregistered varieties through learned social stereotypes (see 
also Sumner et al., 2014). This second aspect of familiarity is especially important 
from a theoretical perspective because, unlike familiarity, it does not derive directly 
from experience. That is, whereas familiarity due to native exposure is directly mod-
eled in an exemplar framework as a large number of relevant previously encountered 
exemplars, socially marked variants may not require many specific exemplars to be 
robustly represented. Further, although recent research has shown that children acquire 
social stereotypes about regional dialects of their native language during elemen-
tary school (Kinzler and DeJesus, 2013), how those stereotypes are acquired and the 
extent to which they are learned based on exposure to talkers from different regions is 
unknown. The results of experiment 2 suggest that these social stereotypes impact not 
only our attitudes about talkers from different regions, but also cross-dialect lexical 
processing. Thus, this work points to a critical need to understand how social informa-
tion about linguistic categories is acquired and represented so that differences in cross-
dialect processing as a function of social enregisterment can be explained.

4.3. Conclusions
The results of these experiments provide further evidence for a model of speech 

processing in which linguistic and social information is inextricably linked. In particu-
lar, interference effects on lexical processing due to normalization for acoustic variabil-
ity between talkers are compounded by normalization for phonologically ambiguous 
variants across dialects, whereas within-dialect talker variability does not differ across 
varieties. The cross-dialect interference effects can be observed for both local/non-
local and non-local/non-local dialect pairs, although the effects themselves differ as a 
function of dialect familiarity. In particular, the local dialect is robust to interference 
effects on accuracy, whereas non-local dialects are not.

The current results also suggest that social enregisterment of regional dialects, or 
their salient variants, plays a critical role in lexical processing. Lexical classification 
is faster and more accurate for local variants than for non-local variants, and faster for 
non-local, stereotyped variants than for non-local, non-stereotyped variants. These pat-
terns are observable even when dialect classification accuracy based on these variants 
is not significantly different from chance. These findings suggest differential encod-
ing of non-local variants, such that stereotyped variants are more robustly represented 
than non-stereotyped variants, even in the absence of explicit dialect indexing of these 
variants.
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Together, the results of this study have implications for our understanding of the 
nature and structure of the cognitive representations of socioindexical variation and 
point to the need for further research on hierarchical structure, gradience, and social 
stereotypes in indexical representations and their interface with the lexicon.
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