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ABSTRACT 
 
Phonetic variation arising from speaking style, 
regional dialect, and lexical properties is not 
processed equivalently by all listeners because 
listener experience affects how this variation is 
encoded and represented. Thus, successful spoken 
word recognition hinges on listener demographic 
factors. The current study investigated interactions 
in lexical processing between phonetic variation and 
listener characteristics for listeners from two dialect 
regions from each of two populations: a relatively 
homogeneous group of undergraduate students and a 
more diverse group of adult visitors to a science 
museum. In a word recognition in noise task, 
speaking style and talker dialect interacted with 
lexical properties to predict accuracy as a function of 
listener population and residency in the local region 
at the time of the experiment. These results suggest 
that processing of phonetic variation is flexible into 
adulthood, reflecting accumulated experience 
through everyday language use and attunement over 
time to local speech contexts. 
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1. INTRODUCTION 

A variety of factors influence success in isolated 
spoken word recognition: some of these factors 
reflect bottom-up acoustic-phonetic information in 
the speech signal and others reflect top-down 
listener knowledge gained through experience. This 
study investigated the interactions among some of 
these factors on spoken word recognition in noise. 

Two aspects of acoustic-phonetic information in 
the speech signal that have been shown to affect 
spoken word recognition are speaking style and 
regional dialect variation [e.g., 14, 17]. With respect 
to stylistic variation, hyperarticulated, careful, or 
clear speech leads to more accurate spoken word 
recognition than hypoarticulated, conversational, or 
plain speech [e.g., 1, 17, 18, 22, 24, 25]. This style 
effect holds even when speech rate is controlled, 
suggesting that both durational cues and other 
segmental cues affect lexical processing [9].  

With respect to dialect variation, which primarily 
affects vowel realization in American English [10, 
12], words produced in familiar dialects are more 
accurately identified than words produced in less 
familiar dialects [e.g., 7, 11, 14, 19, 20, 23]. This 
dialect familiarity effect means that a listener’s 
regional background, geographic mobility, and age 
affect processing of phonetic variation [7, 8, 14, 19]. 
In addition, perceived social prestige, similarity to a 
standard variety, and relevance to the local dialect 
context have been proposed to facilitate lexical 
processing of local and standard dialects [3, 7, 21]. 
For example, words produced in Midland American 
English, which is a relatively standard variety [10], 
are more intelligible than words produced in 
Northern American English, even for listeners with 
more lifetime experience with the Northern dialect 
[3, 4].  

Beyond listener experience with particular 
dialects, listeners’ knowledge of lexical properties, 
such as frequency and phonological similarity, also 
impact spoken word recognition. For example, 
frequent words are more accurately identified than 
less frequent words, as a result of listeners’ greater 
experience with high-frequency words [e.g., 6, 15]. 
Similarly, words with few similar-sounding 
neighbors are better identified than words with many 
phonological neighbors, as a result of less 
phonological competition with other words the 
listener knows [e.g., 13]. Moreover, an individual 
listener’s experience shapes the phonological 
similarity among the words in their lexicon, such 
that sublexical phonetic variation is more specified 
in representations of words that are more familiar 
[26]. 

The goal of the current study was to further 
examine how diversity in listener background and 
experience interacts with phonetic variation in 
lexical processing. In particular, a word recognition 
in noise task was used to investigate how lexical, 
stylistic, and regional dialect variation is processed 
by listeners from different demographic groups 
(undergraduates vs. a more diverse adult population) 
with different regional dialect backgrounds (Midland 
vs. Northern American English). Tokens produced 
in a clear style and by Midland talkers were 
expected to be more accurately identified than plain 
style tokens and Northern tokens, respectively [1, 3, 



4, 17]. Likewise, high-frequency and low-density 
words were expected to be more accurately 
identified than low-frequency and high-density 
words, respectively [6, 13, 15]. Although overall 
differences between Midland and Northern listeners 
[3, 4] and between undergraduates and museum 
visitors were not predicted, effects of experience 
were expected to emerge in interactions among the 
lexical, stylistic, and demographic factors.  

2. METHODS 

2.1. Participants 
 
Listeners from two adult populations of monolingual 
American English speakers participated in the 
current study. The first population was represented 
by 90 undergraduate students at a university in the 
Midland American English dialect region, who were 
relatively homogeneous with respect to age (M=21 
years, SD=4 years), education level, and lifetime 
geographic mobility. 45 of the undergraduates 
reported living exclusively in the Midland dialect 
region and 45 reported living exclusively in the 
Northern dialect region until at least age 18 years. 
These two regions are shown on the map in Figure 1. 

The second population was represented by 65 
adult visitors to a science museum in the Midland 
American English dialect region, who were more 
diverse with respect to these demographic factors. 
The mean age of the museum visitors was 33 years 
(SD=14 years). 34 museum visitors reported living 
exclusively in the Midland dialect region and 31 
reported living exclusively in the Northern dialect 
region until age 18. However, Northern museum 
visitors had lived in more dialect regions as adults 
on average (M=1.5 regions) than Midland museum 
visitors (M=1.2 regions; X2=5.76, df=1, p<0.05). 

	
Figure 1: The Midland (light grey) and Northern 
(dark grey) dialect regions of American English. 
 

 

2.2 Materials 

Auditory stimuli consisted of tokens of 234 English 
words (232 monosyllabic, 2 disyllabic) extracted 
from a set of 30 passages read by 16 adult native 
speakers of American English [2]. Of the 16 talkers, 

eight (four female, four male) came from the 
Midland dialect region and eight (four female, four 
male) came from the Northern dialect region. Each 
talker was recorded reading each passage in two 
speaking styles. A plain style was elicited by asking 
talkers to read to an imagined close friend or family 
member. A clear style was elicited by asking the 
talkers to read to an imagined non-native or hearing-
impaired listener. The plain style was elicited first to 
avoid confounds between style and phonetic 
reduction due to repeating the passages [2]. 

The target words varied orthogonally in lexical 
frequency and phonological neighborhood density 
when these variables were treated as binary 
distinctions between high and low values, 
respectively, as reported by Nusbaum et al. [16]. The 
extracted word tokens were mixed with speech-
shaped noise at a +5 dB signal-to-noise ratio. Six 
separate lists of the 234 target words were generated 
with different talker assignments to reduce item-
specific effects on performance. Within each of the 
six lists, speaking style, talker dialect, talker gender, 
lexical frequency, neighborhood density, cloze 
predictability, and mention within the passage of the 
word tokens were balanced [see 2]. 
 
2.3 Procedure 
 
Participants completed a self-paced word 
recognition task in which they heard individual word 
tokens mixed with noise over headphones and were 
asked to type the word they thought they heard using 
a standard keyboard. One list of 234 target words 
was presented to each participant, one token at a 
time, in random order. The experiment took 
approximately 20 minutes to complete. Obvious 
typographical errors for target words in participant 
responses were treated as correct for analysis. 

3. RESULTS 

Participants’ word recognition accuracy was 
analyzed using a logistic mixed-effects model with 
speaking style (clear, plain), talker dialect (Midland, 
North), participant region (Midland, North), 
participant group (undergraduate, museum visitor), 
lexical frequency, neighborhood density, and their 
interactions as independent variables. Vowel 
duration was also included as a covariate, given that 
the target words were extracted from read passages. 
The four categorical variables were coded using sum 
contrast coding. Lexical frequency, neighborhood 
density, and vowel duration were scaled to standard 
deviation units (z-scores). The maximal model that 
achieved convergence included by-subject and by-
word random intercepts, a by-subject random slope 



for lexical frequency, and by-item random slopes for 
speaking style, talker dialect, and participant group. 

Significant main effects in the expected direction 
were observed for all of the independent variables, 
as well as for the vowel duration covariate. By-
subject mean identification accuracy as a function of 
each of the four categorical variables is shown in 
Table 1. These main effects indicate that overall, 
word tokens produced in a clear style and by 
Midland talkers were more accurately identified than 
plain style (β=0.25, z=4.91, p<0.01) and Northern 
(β=0.21, z=4.08, p<0.01) tokens, respectively. 
Additionally, Northern listeners and undergraduates 
identified words more accurately overall than 
Midland listeners (β=−0.06, z=−2.39, p<0.05) and 
museum visitors (β=−0.24, z=−8.52, p<0.01), 
respectively. Listeners also identified high-
frequency and low-density words more accurately 
than low-frequency (β=0.19, z=2.51, p<0.05) and 
high-density (β=−0.35, z=−4.03, p<0.01) words, 
respectively. Finally, target words with longer 
vowels were more accurately identified than target 
words with shorter vowels (β=0.22, z=9.10, p<0.01). 
 

Table 1: By-subject mean (and standard deviation) 
identification accuracy for each factor level of the 
categorical predictor variables. 
 

Clear style 61% (9%) > 51% (11%) Plain style 
Midland 
talkers 

60% (10%) > 52% (11%) Northern 
talkers 

Northern 
participants 

57% (10%) > 55% (12%) Midland 
participants 

Undergrads 59% (10%) > 51% (11%) Museum 
visitors 

 
Four significant interactions revealed the 

combined effects of these variables on word 
recognition accuracy. First, the four-way interaction 
between speaking style, participant group, lexical 
frequency, and phonological neighborhood density 
(β=−0.03, z=−2.18, p<0.05) is shown in Figure 2. 
Whereas lexical frequency had a comparable 
influence on the performance of undergraduates (left 
panel in Figure 2) for both low- and high-density 
words, and for both clear and plain speech tokens, a 
larger facilitative effect of lexical frequency on word 
recognition was observed for museum visitors for 
low-density words in clear speech (light solid line in 
the right panel of Figure 2) compared to low-density 
words in plain speech or high-density words in 
either style. This pattern suggests that for the 
museum visitors, it was primarily the easier-to-
recognize clear, low-density tokens that benefitted 
substantially from higher lexical frequency. 

Three interactions involving speaking style, 
talker dialect, participant region, and participant 

group were also significant. The first of these 
interactions was between participant region and 
participant group (β=−0.06, z=−2.28, p<0.05), and 
reflects greater overall accuracy for the Northern 
museum visitors compared to the Midland museum 
visitors, but no difference in accuracy between 
undergraduates from the Midland and Northern 
regions. The second interaction, between style, 
participant region, and participant group (β=−0.03, 
z=−2.36, p<0.05), revealed that the difference 
between Midland and Northern museum visitors’ 
accuracy was primarily for plain speech tokens.   
 

Figure 2: Interaction between speaking style, 
participant group, lexical frequency, and 
neighborhood density on word recognition. 

 

 
 

Finally, the interaction between speaking style, 
talker dialect, participant region, participant group, 
and lexical frequency (β=−0.03, z=−2.56, p<0.05) 
was also significant. The locus of this interaction can 
be seen in Figure 3 by comparing the slopes of the 
frequency effect for clear Northern tokens (solid 
lines) to the slopes of the frequency effect for the 
plain Northern and clear and plain Midland tokens 
across the four panels. For Midland museum visitors 
(bottom left), the frequency effect is larger for clear 
Northern tokens than for the other three style x 
talker dialect combinations. For Northern museum 
visitors (bottom right), the frequency effect is 
similar across all four style x talker dialect 
combinations. For all undergraduates (top panels), 
the frequency effect across styles and talker dialects 
mirrors the Midland museum visitors’ pattern. 

4. DISCUSSION AND CONCLUSIONS 

As expected, effects of speaking style, talker dialect, 
participant region, participant group, lexical 
frequency, and neighborhood density were observed. 
However, these main effects were mediated by 
interactions that revealed differences in the effects of 
lexical, stylistic, and dialect variation on word 
recognition in noise across the listener groups.  

The interaction involving speaking style, lexical 
properties, and participant group (Figure 2) suggests 
differences in lexical processing by participants of 
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different backgrounds as a result of their everyday 
language experiences. In particular, plain speech and 
high neighborhood density were more detrimental to 
word recognition overall and were less affected by 
lexical frequency for the museum visitors than for 
the undergraduates. Compared to undergraduates, 
the museum visitors likely find themselves in a more 
diverse set of everyday settings with a wider range 
of lexical variation between participants. The 
undergraduates’ more homogeneous academic 
environment, including classroom interactions and 
regular test-taking, may have facilitated their 
reliance on lexical frequency to recognize the more 
difficult plain style and high-density target words.  

 
Figure 3: Interaction between speaking style, 
talker dialect, participant region, participant group, 
and lexical frequency on word recognition. 
 

 

 
	

The second major interaction (Figure 3) provides 
insight into the influences of demographic 
differences on spoken word recognition, particularly 
with respect to continued flexibility in processing 
phonetic variation into adulthood. In particular, this 
interaction revealed that Midland undergraduates, 
Northern undergraduates, and Midland museum 
visitors showed parallel performance patterns, in 
contrast to Northern museum visitors, who showed a 
different pattern, specifically for clear speech 
produced by Northern talkers. This finding suggests 
that Northern museum visitors benefitted from high 
lexical frequency for both plain and clear Northern 
speech, while the other groups benefitted more from 
high lexical frequency for clear Northern tokens than 
for plain Northern tokens.  

One potential source of this result is that 
Northern undergraduates’ processing resembled the 
processing of Midland undergraduates and Midland 

museum visitors due to their residency in the local 
Midland region [4]. That is, living in the Midland 
region may have led to an expectation that stimuli 
would be produced in the variety that is local to the 
university and the museum, leading to a weaker 
facilitative effect of frequency for harder, plain 
Northern tokens than easier, clear Northern tokens 
for the Midland museum visitors and all of the 
undergraduates [3, 4]. That is, the source of 
differential processing across Northern groups may 
stem from the Northern undergraduates’ attunement 
to the local dialect context as a result of their current 
residency, leading to recognition patterns similar to 
those of lifetime Midland listeners. 

A second potential source of this result is a 
difference in the lifetime mobility of the participants 
from the two populations. In particular, whereas the 
undergraduates were generally not mobile, having 
lived in either the Midland or the Northern region 
until at least age 18 years, the museum visitors were 
older and had more opportunity to be exposed to 
multiple regional dialects. Moreover, the Northern 
museum visitors had lived in more dialect regions on 
average in adulthood than the Midland museum 
visitors (see section 2.1). Thus, the source of 
differential processing for the two groups of 
museum visitors may stem from the relatively more 
varied experiences in adulthood of the Northern 
museum visitors, leading to more robust frequency 
effects across styles and talker dialects.  

Taken together, these results provide evidence 
that individual experiences with lexical and phonetic 
variation affect word recognition into adulthood, and 
suggest ongoing flexibility in lexical representations 
throughout the lifespan. Moreover, regardless of 
whether the processing differences shown in Figure 
3 reflect attunement to the local variety after 
relocation or experience with dialect variation 
through geographic mobility in adulthood or a 
combination of both factors, the results suggest that 
adults continue to adapt over the long-term to the 
phonetic variation that they experience.  However, 
the current study cannot distinguish these two 
factors, and residency may affect processing in 
specific, locally-determined ways, whereas mobility 
may affect processing in general ways that are more 
durable over time [5]. Future work could disentangle 
effects of local residency and lifetime mobility by 
testing listeners within the Northern region.	
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