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ABSTRACT 
 
Substantial individual differences in speech 
perception emerge under adverse listening 
conditions, including when perceiving unfamiliar 
speech. In the present study, individual differences 
in word recognition for three varieties of unfamiliar 
speech—Spanish-accented English, Irish-accented 
English, and dysarthric speech—were investigated. 
We asked whether the ability to perceive these 
unfamiliar, and highly variable, speech signals 
correlated with performance on three linguistic and 
non-linguistic tasks. Individual word recognition 
scores were significantly correlated across all three 
types of speech. Further, cognitive and perceptual 
flexibility as well as receptive vocabulary were 
significant predictors of word recognition accuracy. 
The findings presented here are an important step in 
understanding what makes a listener successful at 
speech perception in adverse conditions, suggesting 
that both linguistic and non-linguistic cognitive 
abilities support word recognition with speech types 
that deviate from typical native dialect norms. 
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1. INTRODUCTION 

In everyday communication, listeners’ encounter 
highly variable speech signals. However, in general, 
listeners are quite good at recognizing the words 
they are exposed to. In fact, when normal-hearing 
listeners are exposed to familiar dialects in quiet 
listening conditions, most individuals perform at 
ceiling. However, when listeners are exposed to 
speech in adverse listening conditions, either as a 
result of environmental or talker-related degradation, 
substantial individual differences begin to emerge 
[1-3]. In the present study, we examine individual 
variability in word recognition by asking two key 
questions: (1) Are listeners who are particularly 
successful at recognizing one type of unfamiliar 
speech also successful at recognizing other types of 
unfamiliar speech? (2) Which linguistic and 
cognitive factors predict listener success in word 
recognition with unfamiliar speech? 

Unfamiliar speech varieties—including regional 
dialects, non-native accents, and disordered 

speech—have been shown to negatively influence 
speech perception, including reductions in speech 
intelligibility [4-7]. Listeners can improve their 
understanding of unfamiliar varieties throughout 
repeated exposure [8-12]. However, substantial 
individual differences are observed both pre- and 
post-exposure to the unfamiliar speech [13-16]. 

Identifying the underlying cognitive and 
linguistic factors that give rise to these individual 
differences is important theoretically and for clinical 
applications. Cognitive factors appear to influence 
individual variability in speech perception.  The 
ability to perceive speech in noise is correlated with 
some cognitive skills, including working memory 
[17]. Further, a number of cognitive and linguistic 
skills including cognitive flexibility, working 
memory, short-term memory, selective attention, 
and vocabulary knowledge have been shown to 
correlate with perceptual learning of unfamiliar 
accents [16, 18]. These studies suggest that speech 
perception and adaptation in adverse conditions may 
be related to higher-level linguistic and non-
linguistic cognitive functions. However, previous 
studies have typically examined a single type of 
unfamiliar speech or adverse listening condition. 
Whether the same cognitive-linguistic functions 
support accurate perception of all unfamiliar speech 
types and adverse listening conditions is largely 
unknown. 

In the present study, we use three unfamiliar 
speech varieties as a test case for recognizing speech 
in adverse conditions. Specifically, we examine two 
types of unfamiliar accented speech (Irish English 
and Spanish-accented English) and one type of 
disordered speech (dysarthric speech). These types 
of speech differ from native American English along 
multiple segmental and suprasegmental dimensions. 
For example, an unfamiliar dialect, spoken by a 
native speaker, differs from familiar dialects 
primarily in terms of vowel production [19]. On the 
other hand, non-native speech differs in vowel and 
consonant production, as well as lexical stress and 
intonation. This variation is primarily driven by the 
interaction between the first and second languages 
(L2) of the speaker [20, 21], as well as unique 
properties of the L2 that challenge learners 
regardless of their L1 [22]. Non-native speech also 
tends to display more inter- and intra-talker 
variability than native speech varieties [23]. Finally, 



dysarthria, a motor speech disorder arising from 
neurological disease or injury, is characterized by 
pathological speech patterns which include 
imprecise articulation of vowels and consonants, 
disturbed prosody, and abnormal vocal quality [24]. 
Dysarthric speech differs from native norms in both 
systematic and unsystematic ways [6, 12].  

Here, we examine the relationship among 
listeners’ abilities to accurately perceive three 
unfamiliar speech varieties (Irish English, Spanish-
accented English, and dysarthric speech). We also 
explore whether word recognition for unfamiliar 
speech is predicted by measures of linguistic and 
cognitive performance.  
 

2. METHOD 
 
2.1. Participants 
 
Data was collected from 22 native American English 
speaking adults between the ages of 18 and 35 years. 
Participants reported no history of speech disorders 
and passed a hearing screening. None of the 
participants reported significant exposure to the 
speech types used in the present study. 
 
2.2. Stimuli 
 
Seventy-six experimental phrases [24, 25] were 
used. The stimuli consisted of 6 syllable phrases 
(ranging in length from 3-5 words) that were 
syntactically plausible but semantically anomalous 
to control for the contribution of semantic and 
contextual knowledge to intelligibility. The 
experimental phrases were elicited from six speakers 
(three males, three females) representing three 
unfamiliar speech types—native accent (Irish 
English), non-native accent (Spanish-accented 
English), and one form of disordered speech 
(dysarthric speech).	  

2.3. PROCEDURE 

Participants completed a word recognition task and 
several cognitive-linguistic assessments. For the 
word recognition task, participants were seated in 
front of a computer monitor and presented with 78 
experimental phrases (13 novel, and completely 
randomized, phrases per speaker) via headphones. 
Following the presentation of each phrase, 
participants were asked to type what they heard.  No 
feedback regarding task performance was given. In 
addition to the word recognition task, participants 
completed a demographic questionnaire, Intra-Extra-
Dimensional Set Shift (IED) task from the 
Cambridge Neuropsychological Test Automated 
Battery (CANTAB) [26], the Flanker test of 

cognitive inhibition, and the Peabody Picture 
Vocabulary Test (PPVT), 4th Edition [27].  

In brief, the IED task was designed to test 
cognitive flexibility, by examining rule acquisition 
and reversal using a series of lines and shapes. This 
test assessed both intra- and extra-dimensional shifts 
as measured by the participant’s ability to generalize 
previously learned rules to novel exemplars (intra-
dimensional) or by shifting to a novel rule (extra-
dimensional). In contrast, the Flanker test of 
cognitive inhibition measured the participants’ 
ability to inhibit conflicting information. A series of 
arrows (e.g., > > > > > or > > < > > >) were 
presented and participants were instructed to 
indicate the direction of the central arrow while 
ignoring the surrounding arrows via a keyboard 
press. In general, response time is slower for 
incongruent trials than congruent trials [28]. Finally, 
the PPVT is a test of receptive vocabulary in which 
participants are required to match pictures to 
verbally presented words. 
 
2.4. Scoring and Analysis 
 
The word recognition task was analysed for 
proportion of key words that were correctly 
recognized (henceforth, proportion correct). Words 
correct were defined as those that matched the 
intended target exactly, as well as homophones 
and/or common misspellings. However, words with 
added or deleted morphemes were scored as 
incorrect (e.g., supplied for supplies). 

The three cognitive-linguistic assessments were 
scored using standard scoring protocols. For the 
analyses, we used the log-normalized conflict cost 
measure generated by the Flanker test [16]. For the 
IED test, we used the z-scores from the normed 
number of total errors on the intra-dimensional shifts 
and the extra-dimensional shifts.  For the PPVT, we 
used the raw scores.  

3. RESULTS 

Substantial variability across listeners was observed 
for each unfamiliar speech type. The mean scores, 
standard deviation, minimum and maximum scores 
for each speech type are reported below in Table 1. 
 

Table 1: Summary statistics for each speech type. 
 

Comparison Non-Native Dialect Dysarthria 
Mean .62 .78 .76 
Std. Dev. 0.06 0.09 0.05 
Minimum 0.51 0.56 0.57 
Maximum 0.73 0.89 0.82 

 



We first correlated word recognition accuracy for 
each of the three speech types, to examine whether 
perception abilities for each unfamiliar speech type 
are correlated with one another. When examining 
average performance across all items and both 
speakers, there are significant correlations for all 
three comparisons (Dysarthria and Dialect: r2=.592, 
p=.003; Dysarthria and Non-Native: r2=.597, 
p=.003;. Non-Native and Dialect: r2=.23, p=.01). 
Thus, listeners who demonstrate successful word 
recognition with one type of unfamiliar speech are 
also adept at recognizing words produced by 
speakers with other unfamiliar speech types.  

 
Figure 1a:  Word recognition accuracy for the 
non-native (y-axis) and dysarthric (x-axis) 
speech.  
Figure 1b:  Word recognition accuracy for 
the unfamiliar dialect (y-axis) and dysarthric 
(x-axis) speech.   
Figure 1c:  Word recognition accuracy for the 
unfamiliar dialect (y-axis) and non-native (x-
axis) speech.   

 

 

 

 
Next, the word recognition data were analysed 

using logistic mixed effects models to examine what 
cognitive-linguistic factors predict speech perception 
scores. Fixed factors entered into the regression 
were speech type (i.e., non-native, unfamiliar 
dialect, vs. dysarthria), gender (i.e., male vs. 
female), raw score on the PPVT, the Flanker conflict 
cost score, and the two z-scores from the IED test: 
Intra-Dimensional Shift (IDS) score and Extra-
Dimensional Shift (EDS) score. Random effect 
structure was the maximal structure supported by the 
data. Subjects were not included as random items 
because variance in the listeners is accounted with 
several other measures (i.e., PPVT score and ID-ED 
scores). Significance was determined using model 
comparisons to determine whether each fixed factor 
contributed significantly to model fit. 

The model with the best fit included fixed factors 
of Speech type (i.e., Dialect, Dysarthria, or Non-
Native), Gender of the speaker (i.e., male or female), 
PPVT score, ID-ED scores, and a random effect of 
items. The Flanker scores were not significant 
predictors of performance on the word recognition 
task. The best fitting model is summarized below in 
Table 2, and the model comparisons appear in Table 
3.  
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Table 2: Model parameters for the best-fitting 
linear mixed-effects model, as determined by 
model comparison. 
 

Fixed Effects Estimate Std Err t-value 
Intercept 0.598 0.030 19.827 

Speech Type 
(Dysarthria) 

0.082 0.034 2.394 

Speech Type 
(Non-native) 

-0.063 0.034 -1.863 

Gender -0.006 0.034 0.183 

PPVT 0.001 0.002 7.149 

Intra-
Dimensional 
Shift 

0.155 0.060 2.579 

Extra-
Dimensional 
Shift 

-0.069 0.033 -2.094 

 
Table 3: Results of model comparisons. 
Predictor is the factor not included in the 
model. 
 
Predictor χ2 p-value 
Speech Type 48.3 <.001 
Gender 21.2 <.001 
Receptive Vocabulary  50.3 <.001 
Intra-Dimensional Shift  6.65 .009 
Extra-Dimensional Shift 4.39 .036 

4. CONCLUSIONS AND DISCUSSION 

Listeners varied widely in their ability to perceive 
each speech variety, replicating previous findings for 
the perception of non-native and disordered speech 
[13-16]. However, the present findings extend 
existing research by demonstrating that, although 
substantial individual differences in the perception 
of unfamiliar speech exist, individual performance is 
correlated across types of unfamiliar speech. 
Further, this relationship occurs even though the 
systematicity of the variability in each unfamiliar 
speech type differs. Listeners who succeed at 
perception of Irish English, the speech type that is 
most systematic in its deviation from American 
English norms also succeed at perceiving speech that 
is quite unsystematic in the ways in which it deviates 
from typical native norms (i.e., dysarthric speech). 
Further, the deviations, particularly in dysarthric 
speech, occur along multiple acoustic-phonetic 
dimensions, including both segmental and 
suprasegmental features. 

The current results also indicate that several 
cognitive-linguistic factors correlate with speech 
perception across unfamiliar speech types. Receptive 
vocabulary and cognitive flexibility emerged as 
significant predictors of word recognition accuracy. 
Receptive vocabulary has been tied to better speech-
in-noise perception, possibly due to greater lexical 
connectivity facilitating the use of top-down 
knowledge [2]. This study suggests that the 
vocabulary size effect extends to perception of 
unfamiliar speech varieties in quiet listening 
conditions. Finally, cognitive flexibility also 
emerged as a predictor of word recognition 
performance. Speech perception, especially in the 
face of highly variable input is a task that requires 
listeners to be flexible with their speech perception 
strategy. Listeners are required to map a noisy, 
continuous signal onto a set of discrete 
representations. Because the signal is so variable, 
listeners must be adaptable in terms of what they are 
willing to map to each of these representations. The 
current findings suggest that general, non-linguistic 
cognitive and perceptual flexibility support listeners’ 
ability to map novel acoustic-phonetic words 
variants onto items in the lexicon. One open 
question is whether these findings, based on listener 
adversity due to speaker characteristics, would also 
extend to listener adversity arising from 
environment-related degradation (e.g., noise). 
Indeed, the Flanker task, a measure of inhibitory 
control and selective attention, was not a significant 
predictor of speech perception performance. It is 
possible that such measures would be more critical 
in noise-added conditions, in which listeners are 
required to segregate and supress perception of 
competing acoustic information while attending to 
the target speech.  

Taken together, these results add further support 
to the growing body of literature that acknowledges 
individual variability, as well as linguistic and non-
linguistic contributions to speech perception. It also 
demonstrates that performance on one type of 
unfamiliar speech correlates with performance on 
another. These findings provide a step in 
understanding what makes someone a good listener, 
by exploring the cognitive and linguistic skills that 
support speech perception in adverse listening 
conditions. Future work should examine how the 
constellation of cognitive-linguistic skills supporting 
speech perception varies depending on the type of 
adverse condition, including both talker-based and 
environment-based factors. 
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