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Abstract 22 

Purpose: Perceptual training is a listener-targeted means for improving intelligibility of 23 

dysarthric speech. Recent work has shown that training with one talker generalizes to a novel 24 

talker of the same sex, and the magnitude of benefit is maximized when the talkers are 25 

perceptually similar. The current study expands previous findings by investigating whether 26 

perceptual training effects generalize between talkers of different sex. 27 

Method: Forty new listeners were recruited for this study and completed a pretest, 28 

familiarization, and posttest perceptual training paradigm. Historical data collected using the 29 

same three-phase protocol were included in the data analysis. All listeners were exposed to the 30 

same talker with dysarthria during the pretest and posttest phases. For the familiarization phase, 31 

listeners were exposed to one of four talkers with dysarthria, differing in sex and level of 32 

perceptual similarity to the test talker, or a control talker. During the testing phases, listener 33 

transcribed phrases produced by the test talker with dysarthria. Listener transcriptions were then 34 

used to calculate a percent words correct intelligibility score.   35 

Results: Multiple linear regression analysis revealed that intelligibility at posttest was not 36 

predicted by sex of the training talker. Consistent with earlier work, the magnitude of 37 

intelligibility gain was greater when the familiarization and test talkers were perceptually similar.  38 

Additional analyses revealed greater between listener variability in the dissimilar conditions as 39 

compared to the similar conditions. 40 

Conclusions: Learning as a result of perceptual training with one talker with dysarthria 41 

generalized to another talker regardless of sex. In addition, listeners trained with perceptually 42 

similar talkers had greater and more consistent intelligibility improvement. Together, these 43 
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results add to previous evidence demonstrating that learning generalizes to novel talkers with 44 

dysarthria and that perceptual training is suitable for many listeners. 45 

  46 
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Generalized Learning of Dysarthric Speech between Male and Female Talkers 47 

 Behavioral treatment for dysarthria generally targets reduced intelligibility through 48 

speech production modifications. Common behavioral approaches, including cueing talkers with 49 

dysarthria to speak louder or clearer, have been shown to improve the listener’s ability to 50 

understand the disordered speech (e.g. Hsu et al., 2019; Lam & Tjaden, 2016; Levy et al., 2017; 51 

Tjaden et al., 2013). Key, here, is that the burden of behavioral change is placed on the talker 52 

with dysarthria. Though previous research has demonstrated efficacy of talker-oriented 53 

management of dysarthria (e.g. Mahler & Ramig, 2012; Mahler et al., 2015; Ramig et al., 2001), 54 

not all individuals are able to behaviorally modify their production, and for others, such 55 

modifications do not adequately meet the talker’s communication needs (Liss, 2007; Yorkston et 56 

al., 2017). To address this gap in clinical practice, additional or alternative treatment modalities 57 

to improve intelligibility need to be explored. Perceptual training offers a possible solution by 58 

shifting the weight of behavioral change from the talker onto the listener (Borrie et al, 2012a; 59 

Liss, 2007). Rather than requiring a talker to modify their speech to improve intelligibility, 60 

perceptual training exploits the malleability of the perceptual system to enhance a listener’s 61 

ability to understand that speech signal via a familiarization experience.  62 

Perceptual training is grounded in perceptual learning theory. The Ideal Adaptor 63 

Framework suggests that, during perceptual training, listeners learn distributional regularities 64 

present in multiple levels of acoustic information, including segmental and suprasegmental 65 

speech cues (Kleinschmidt & Jaeger, 2015). Based on these acoustic regularities, listeners form 66 

mental representations, or models, for different talkers that are updated with increased exposure, 67 

resulting in improved speech perception over time. Indeed, the preponderance of studies on 68 

perceptual training of dysarthric speech, to date, have revealed improved intelligibility following 69 
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perceptual training (e.g., Borrie et al., 2012b; Borrie et al., 2017a; Kim, 2016; Kim & Nanney, 70 

2014; Lansford et al., 2016; Lansford et al., 2018), suggesting that individualized training is a 71 

viable option for improving communication between a talker with dysarthria and their 72 

communication partners. 73 

Listeners who interact with many individuals with dysarthria (e.g., healthcare workers), 74 

however, would benefit from perceptual training that generalizes to novel talkers. That is, 75 

improved perception of novel, untrained talkers with dysarthria following perceptual training 76 

with another talker. Such generalized learning would render talker-specific training for 77 

individuals who communicate with many different people with dysarthria unnecessary. Recent 78 

theoretical models of perceptual learning support such generalization; listeners leverage models 79 

formed from previous encounters with a specific talker to support their understanding of speech 80 

produced by a novel talker with shared perceptual characteristics (Kleinschmidt & Jaeger, 2015). 81 

Both top-down and bottom-up processes support the generalization process, such that listeners 82 

take advantage their model-driven expectations and the acoustic information present in the 83 

speech signal to facilitate their understanding of a novel talker. Thus, generalized learning occurs 84 

when there is likeness between the listeners’ model-driven expectations and the incoming 85 

acoustic information. 86 

Theoretical models of generalized learning are supported by empirical findings of 87 

improved processing of novel talkers following perceptual training with accented (Bradlow & 88 

Bent, 2008; Tzeng & Nygaard, 2012; Xie et al., 2020; Xie & Myers, 2017), degraded (Huyck et 89 

al., 2017) and, importantly, dysarthric speech (Borrie et al., 2017a). Perceptual adaptation to 90 

dysarthric speech not only generalizes to untrained talkers with dysarthria of the same sex, but is 91 

maximized when there is greater perceptual likeness between the training and test talkers, 92 
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thereby supporting theoretical models (Borrie et al., 2017a). Indeed, many of the dysarthria 93 

subtypes share common speech features, such as slow speaking rate, imprecise consonants, 94 

compressed vowel space, and disordered vocal quality (Weismer & Kim, 2010). Thus, it is 95 

presumed that generalized adaption of dysarthric speech is broadly facilitated by such shared 96 

features, but is optimized when there is greater perceptual match between the training and test 97 

talkers. Although these findings are limited to male talkers with dysarthria, model assumptions 98 

suggest that learning should generalize across talkers, regardless of sex, if there is sufficient 99 

perceptual overlap between the listener’s model-driven expectations and the incoming acoustic 100 

information (Kleinschmidt & Jaeger, 2015).  101 

Although the Ideal Adaptor Framework posits that generalization between talkers of 102 

different sex should occur (Kleinschmidt & Jaeger, 2015), this is ultimately dependent on the 103 

speech cues listeners attend to during the learning process. General anatomical differences in the 104 

size and shape of vocal tracts associated with male and female talkers have well-documented 105 

impacts on the distribution of spectral information (Titze, 1989). Namely, fundamental and 106 

resonant frequencies in speech produced by male talkers tends to be lower than those of female 107 

talkers (Hillenbrand et al., 1995; Peterson & Barney, 1952). It is plausible, then, that 108 

generalizated learning between male and female talkers with dysarthria could be hindered by 109 

these anatomical and acoustic differences. However, a series of studies found that generalized 110 

learning of consonants produced by male and female talkers readily occurs when the distribution 111 

of speech cues was similar between the two speech samples, namely those that track to the 112 

temporal aspects of speech (Kraljic & Samuel, 2005, 2006, 2007). However, these studies were 113 

done with ambiguous speech samples at the phonemic level (i.e., training a novel phoneme), 114 

therefore generalization between talkers of different sex with dysarthria cannot be assumed. 115 
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The main research aim for this current study is to determine whether adaptation of 116 

dysarthric speech generalizes between talkers of different sex. The secondary aim is to determine 117 

whether perceptual similarity impacts generalized learning between male and female talkers with 118 

dysarthria. Specifically, the following research questions are addressed: 1) Does learning of 119 

dysarthric speech generalize to a novel talker of a different sex? 2) Will the effect of perceptual 120 

similarity, previously demonstrated in Borrie et al. (2017a), be robust to changes in the talker’s 121 

sex? We hypothesized that familiarization effects will generalize between novel talkers of 122 

different sex evidenced by increased intelligibility scores on posttest. Also, and consistent with 123 

previous research, intelligibility gains are hypothesized to be greatest when the training and test 124 

talkers are perceptually similar to each other, regardless of talker sex.  125 

Methods 126 

Listeners 127 

This study is based on data collected from 100 listener participants, including 40 newly 128 

recruited listeners and 60 listeners from a historical dataset (originally reported in Borrie et al., 129 

2017a). All listeners used in this study, from both the newly recruited listeners and the Borrie et 130 

al. (2017a) dataset, were recruited in an indentical fashion via Amazon’s Mechanical Turk 131 

(Amazon MTurk)1. Listeners were between 19 and 66 years old, reported no history or speech 132 

and language, or hearing disorders and were reimbursed $5 for their participation. 133 

 134 

 135 

 
1 Efficacy of the use of Amazon MTurk has been demonstrated by Lansford et al. (2016). Amazon MTurk settings 

used in this study limited participation those individuals with the “Master title” who had a 99% or higher HIT 

approval rating, have completed at least 500 approved HITs, and are located in the United States. Additionally, a 

qualification was added restricting individuals who already completed the study from participating again. Listeners 

recruited were also cross-referenced with listeners used in Borrie et al. (2017a) and other recent MTurk studies from 

our lab. Duplicate individuals were excluded from data analysis. 
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Talker Stimuli 136 

Test Talker  137 

During the pretest and posttest phases of this study, a total of 80 audio recorded phrases 138 

were presented to the listeners: 20 phrases in the pretest and 60 phrases in the posttest. The 139 

testing phrases ranged between three to five words in length. The testing phrases were comprised 140 

of real English words, but were semantically anomalous (e.g. account for who could knock, and 141 

embark or take her sheet) to prevent the use of top-down information to support perception of 142 

the stimuli. The test talker used in this study was an 84-year-old male with moderate ataxic 143 

dysarthria (see Table 1 for full description of the talker).  144 

Familiarization Talkers 145 

Audio recorded productions of an adapted version of the “Grandfather Passage” elicited 146 

by four talkers with dysarthria (see Table 1 for descriptions of the familiarization talkers) and 147 

one control talker were presented during the familiarization training phase of this study. The 148 

talkers with dysarthria were selected based on talker sex and level of similarity to the test talker. 149 

Level of similarity to the test talker was determined from results from Lansford et al. (2014)2. 150 

Listeners recruited for this study were assigned to either the female-similar or female-dissimilar 151 

group. Data for the male familiarization talkers and control conditions came from listeners who 152 

were recruited for the original study (Borrie et al., 2017a).  153 

  154 

 
2 In this study, listeners completed a free-classification task to group talkers together based on their perceptual 

features. Six clusters were formed from this task. The perceptually similar talkers used in this study came from the 

same cluster as the test talker, whereas the dissimilar talkers were chosen from a different cluster. Notable, these 

clusters were not formed based on medical etiology or the specific dysarthria diagnosis for a talker. 
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Table 1  

Test and Familiarization Talker Profiles 

Level of 

Similarity 

Age Dysarthria 

subtype 

Dysarthria 

Severity 

Intel  Perceptual Characteristics* 

Test talker 84 Ataxic Moderate 49% Reduced speaking rate, equal and even stress, prolonged phonemes and 

intervals, monotone, monoloudness, harsh vocal quality, and imprecise 

articulation with irregular articulatory breakdown 

Female familiarization talkers (current study) 

Similar 63 Mixed Moderate 43% Reduced speaking rate, equal and even stress, prolonged phonemes and 

intervals, monotone, monoloudness, harsh vocal quality and imprecise 

articulation 

Dissimilar 54 Hypokinetic Moderate 60% Normal speaking rate, short rushes of speech, reduced stress, monotone, 

monoloudness, imprecise articulation, hoarse vocal quality 

Male familiarization talkers (Borrie et al., 2017) 

Similar 46 Mixed Moderate 56% Reduced speaking rate, equal and even stress, prolonged phonemes and 

intervals, monotone, monoloudness, harsh vocal quality, and imprecise 

articulation 

Dissimilar 46 Ataxic Moderate 47% Slightly reduced speaking rate, reduced stress, imprecise articulation, harsh 

vocal quality 

Control 67 - - -  

Notes: Talker information and intelligibility scores from Lansford and Liss (2014a, 2014b), and Lansford et al. (2014). *perceptual 

characteristics shared between the test and familiarization talkers are denoted in bold font. Intel = Intelligibility 

 155 

  156 
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Procedure 157 

 From Amazon MTurk, listeners were directed to a secured web-browser hosted by Utah 158 

State University to complete the study. Prior to starting the experiment, listeners were instructed 159 

to wear earphones during the experiment. After obtaining informed consent and completing a 160 

brief demographic questionnaire, all listeners recruited for this current study completed the three-161 

phase experimental procedure: pretest, familiarization, and posttest.  162 

 During the pretest phase, listeners were presented with the audio phrase recordings, one 163 

at a time, and instructed to type out what they thought they heard. They were encouraged to try 164 

and guess, if they were not sure, and to type in an “X” for any unintelligible utterance. The 165 

pretest phase was self-paced. Listeners had to press “Next” in order to hear and transcribe the 166 

next phrase. Phrases were only presented once. Following the pretest, listeners engaged in the 167 

familiarization phase, in which they were instructed to listen to either the female similar or 168 

female dissimilar talker’s reading of the “Grandfather Passage” while reading along to the text. 169 

The “Grandfather Passage” was presented in 35 phrases. Similar to the pretest, listeners had to 170 

press “Next” in order to hear the next phrase from the passage. Following the familiarization 171 

phase, the listeners completed the posttest. The instructions and procedures for completing the 172 

post-test were the same as the pretest. As with the pretest, the posttest was self-paced. 173 

 Data collected from the original study (Borrie et al., 2017a) were also analyzed along 174 

with the new data collected in this study. The procedures used in the Borrie et al. (2017a) study 175 

were the same to the procedures described above, with the exception that the listeners for the 176 

original study were exposed to speech produced by either a healthy control, dissimilar male, or 177 

similar male talker during the familiarization phase. Other than the different familiarization 178 
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talkers, the procedures, the types of stimuli presented to the listeners, and the web-based 179 

application were identical to those used in this current study. 180 

Data Analysis 181 

 The number of correct words transcribed during the pretest and posttest were counted 182 

using an automated, open-sourced scoring program, Autoscore3 (www.autoscore.usu.edu [Borrie 183 

et al., 2019]). A word was scored as correct if it matched the intended target word exactly or only 184 

differed by a tense or plural marking. Misspellings, homophones, and substitutions between the 185 

words a and the were also scored as correct. A pretest and posttest percent words correct (PWC) 186 

score was then generated by dividing the number of correct words by the total number of words 187 

possible and multiplying by 100. Next, the difference between the PWC scores in the pre-test 188 

and post-test phases was calculated to obtain an improvement PWC score for each listener.   189 

To assess whether there were differences in PWC across the experimental conditions, we 190 

used linear regression with the posttest PWC score predicted by each familiarization talker 191 

controlling for pretest PWC score. This specification results in coefficients that are in reference 192 

to differences in improvement from pretest to posttest. The control condition was set as the 193 

reference in the regression. In order to fully compare differences in improvement in PWC by the 194 

talker sexes and the similarity levels, we used linear contrasts. These comparisons also 195 

highlighted which factors resulted in more consistent improvement across listeners. Assumptions 196 

of normality and homoscedasticity were evaluated to ensure linear regression was an appropriate 197 

method for data analysis. Additionally, a coefficient of variation test was conducted to examine 198 

the variation differences in the magnitude of intelligibility improvement associated with the 199 

talker sex and similarity manipulations.  200 

 
3 Autoscore has been validated as an accurate (99% accuracy) and efficient scoring tool (Borrie et al., 2019). Thus 

reliability measures for scoring the transcripts in this study was not deemed necessary. 
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Results 201 

 The estimates from the multiple regression analysis, highlighting the differences between 202 

the experimental conditions and the control condition, controlling for pretest, are shown in Table 203 

2. All experimental conditions were significantly different from the control group when 204 

controlling for pretest scores. Thus, the listeners who were familiarized with a talker with 205 

dysarthria, on average, had greater intelligibility improvement compared to listeners who were 206 

trained with the control talker (see Figure 1). The full model accounted for approximately 55% 207 

of the variance in the outcome. Talker sex and similarity level alone accounted for 33% of the 208 

variance in the outcome. As such, a large portion of the intelligibility scores on posttest can be 209 

explained by the familiarization conditions. Notably, with pretest included as a covariate, neither 210 

normality nor homoscedasticity were violated and indicate multiple linear regression was 211 

appropriate for analysis. 212 

Table 2 

Regression Model Results for Generalized Adaptation 

 PWC SE p-value 

Control ref ref ref 

Similar Male 14.310 1.9306 < .001 

Similar Female 12.859 1.9321 < .001 

Dissimilar Male 5.3613 1.9314 .0066 

Dissimilar Female 9.445 1.9417 < .001 

Pretest 0.6432 0.0939 < .001 

R2 Full Model 0.552   

R2 Without Pre-Test 0.328   

 213 

 214 

 215 

 216 

 217 
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Figure 1 218 

Pretest and Posttest Percent Words Correct Scores by Talker Condition 219 

Note: The mean pretest and posttest percent words correct (PWC) scores for each condition is 220 

depicted above. Data from the control, male similar, and male dissimal conditions came from the 221 

original study (Borrie et al., 2017a). Data for the female similar and dissimilar conditions were 222 

collected for this current study. Notably, all listeners trained with dysarthric talkers had greater 223 

PWC scores on posttest compared to listeners trained with a control talker. Listeners trained with 224 

similar talkers had the greatest PWC improvement compared to the listeners trained with 225 

dissimilar talkers. 226 

 227 
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Talker Sex 228 

To examine the whether there were significant differences between the improvement in 229 

PWC based on talker sex, linear contrasts were used to compare male and female training talker 230 

conditions. Overall, improvement in PWC was not impacted by the sex of the familiarization 231 

talker, such that training with a male and female talker yielded comparable results (p = .34). 232 

Additional testing, factoring in the effect of similarity, revealed there was no significant 233 

difference between the male and female similar conditions (p = 0.4541). However, a significant 234 

difference was found between the male and female dissimilar conditions (p = 0.0375), with 235 

greater intelligibility improvement revealed for the female dissimilar condition. The coefficient 236 

of variation analysis revealed that the variation in intelligibility improvement (change in 237 

intelligibility from pretest to posttest) was equivalent for listeners familiarized with male or 238 

female talkers (see Table 3).  239 

Table 3 

Comparisons between Variation in Learning 

  Between Level of 

Similarity 

Between Sex Between Conditions 

Test D’AD p-value D’AD p-value D’AD p-value 

Asymptotic 22.73 < .001* 3.83 .15 20.78 < .001* 

MSLR 24.96 < .001* 2.98 .23 26.45 < .001* 

Note. Significant values are marked with an asterisk. 

 240 

Similarity 241 

Linear contrasts were conducted to examine the effect of similarity of the training and 242 

test talkers on improvement in PWC. Overall, a significant difference in improvement was found 243 

for listeners familiarized with similar talkers vs. dissimilar talkers, such that training with 244 

perceptually similar talkers resulted in higher improvement in intelligibility (p < .001). 245 

Additional testing, accounting for talker sex, revealed a significant difference between the male 246 



Generalized Learning of Dysarthric Speech 15 

similar and dissimilar conditions (p < .001; similar > dissimilar). Furthermore, the difference 247 

between the female similar and dissimilar conditions were significant at the .10 alpha level (p = 248 

.08; similar > dissimilar).  249 

The distribution of listener improvement scores in PWC based on the level of similarity, 250 

shown in Figure 2, shows that the listeners familiarized with dissimilar talkers had higher 251 

variability in change from pretest to posttest, as compared to both the control and similar 252 

conditions. The results for the coefficient of variation asymptotic and MSLR tests are reported in 253 

Table 3. These results indicate that familiarization with the similar talkers resulted in more 254 

consistent intelligibility improvement than familiarization with the dissimilar talkers. 255 

Discussion 256 

 The primary goal of the current study was to investigate whether perceptual learning of 257 

dysarthric speech (Borrie et al., 2017a) generalizes between talkers of different sex. Overall, the 258 

results from the current study suggest this is the case; listeners trained with a female talker with 259 

dysarthria improved their ability to understand a male talker with dysarthria. In addition, and 260 

consistent with the original study by Borrie and colleagues (2017a), the current work revealed 261 

that generalized learning of dysarthric speech was constrained by level of perceptual similarity 262 

between the training and test talker; intelligibility improvement of the test talker was greatest for 263 

listeners trained with a perceptually similar talker, irrespective of the training talker’s sex. 264 

 265 

 266 

 267 

 268 

 269 



Generalized Learning of Dysarthric Speech 16 

Figure 2 270 

Distribution of Improvement Scores Paneled by Level of Similarity  271 

Note: The above figure shows the intelligibility improvement scores for listeners from both the 272 

original study (Borrie et al., 2017a) and this current investigation. The figures show distributions 273 

of intelligibility improvement across talker sex, with improvement scores from listeners trained 274 

with the control talker (top), the dissimilar talkers (middle), and the similar talkers (bottom). The 275 

listeners trained with the dissimilar talkers showed greater variability in intelligibility 276 

improvement compared to the listeners trained with the similar talkers, evidenced by a flatter 277 

distribution and by coefficient of variation analysis results (Table 3). 278 

 279 

 280 
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Results from this study are consistent with current models of speech perception and 281 

perceptual learning. Recall, the Ideal Adaptor Framework posits listeners leverage generative 282 

models formed through experience with other talkers to process the speech of novel talkers. 283 

Generalized learning occurs via a decision-making process utilizing both model-driven 284 

expectations and the acoustic information presented in the speech to determine whether 285 

generalization of the model is appropriate. Thus, generalization should occur between talkers of 286 

different sex if there is sufficient shared structure between the two speech signals (Kleinschmidt 287 

& Jaeger, 2015). The current results suggest that most listeners were able to apply generative 288 

models formed from both male and female talkers with dysarthria to a novel talker, and that the 289 

magnitude of intelligibility improvement was mediated by the level of perceptual similarity 290 

between the training and test talkers. 291 

The current results demonstrate that listeners are able to detect shared structure in the 292 

acoustic cues between male and female talkers with dysarthria, and that this effect was magnified 293 

for talkers who were perceptually similar to each other. Previous research has found that 294 

generalization of perceptual learning effects is dependent on the level of shared structure 295 

between talkers of different sex. Kraljic and Samuel found perceptual learning effects at the 296 

phonemic level generalized between talkers of different sex for stop consonants (2006, 2007), 297 

but not fricatives (2005, 2007). The authors speculated that their findings were likely due to the 298 

distribution of temporal and spectral cues offered by the different consonants. Namely, stop 299 

consonants produced by male and female talkers share similar voice onset time (a temporal cue), 300 

while fricative consonants differ in their spectral characteristics (Kraljic & Samuel, 2007). 301 

Although this current study does not investigate the acoustic similarities between the talkers, 302 

Lansford et al. (2014) found that the perceptual similarity ratings used by the current study to 303 
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define the similar and dissimilar categories were strongly correlated with acoustic measures that 304 

track to temporal aspects of speech (e.g., speaking rate and rhythm). Thus, it is possible that the 305 

generalized adaptation observed in our series of studies could be driven by overlapping 306 

distributions of acoustic information in the temporal domain. Future research in this area should 307 

systematically examine the role of acoustics in generalized adaptation to dysarthric speech.  308 

 Interestingly, training with talkers who were more perceptually similar to the test talker 309 

not only led to greater perceptual gains overall, but also led to a less variable learning effect 310 

across listeners, as evidenced by the coefficient of variation analysis. As compared to the stable 311 

magnitude of intelligibility improvement measured in the similar conditions, the magnitude of 312 

improvement from pretest to posttest following training with the dissimilar speakers varied 313 

widely across listeners, with many listeners experiencing little to no perceptual benefit. These 314 

results suggest that some listeners may be better equipped than others to form and utilize 315 

generative models when there is less distributional overlap between the training and test talkers. 316 

Certainly, previous research has supported that generalized adaptation of speech relies on the 317 

amount of similarity between speech samples (e.g. Kleinschmidt & Jaeger, 2015; Xie et al., 318 

2020). However, it is unknown why some listeners are better able to recognize similar structures 319 

across talkers to support perception of novel, yet perceptually dissimilar, talkers. It is likely, 320 

though, that generalization effects are impacted by additional factors not measured here. Indeed, 321 

recent evidence suggests that listener-related factors, such as age, hearing status, rhythm 322 

perception abilities, and other cognitive processes impact perception of and adaptation to 323 

dysarthric speech (Borrie et al. , 2017b, 2018; Ingvalson et al., 2017a; Lansford et al.,  2019; 324 

McAuliffe et al., 2013). Further, research has not yet systematically considered how adaptation 325 

and generalization are impacted by listener attitudes and level of comfort with disordered speech, 326 
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despite evidence suggesting that these factors may be related (Guo & Togher, 2008; Ingvalson et 327 

al., 2017b). It is plausible, then, that the ability to form generative models during the 328 

familiarization process and apply them to novel talkers may be differentially impacted by such 329 

listener-related factors, and, as such, should be accounted for in future work in this area. 330 

In the current study, a significant difference was found between the dissimilar male and 331 

dissimilar female conditions. Listeners trained with the dissimilar female talker demonstrated 332 

greater intelligibility improvement at posttest compared to those listeners familiarized with the 333 

dissimilar male talker. This is an interesting, and unanticipated, finding that may be explained by 334 

the difference in overall intelligibility levels of the familiarization talkers selected for this study. 335 

The dissimilar female talker’s overall intelligibility level was 60%, while the male dissimilar 336 

talker’s was 47% (originally reported in Lansford & Liss, 2014a). As revealed by Borrie et al. 337 

(2017a), in addition to level of perceptual similarity between the test and familiarization talkers, 338 

overall intelligibility level of the familiarization talker also constrained the magnitude of 339 

intelligibility improvement following familiarization, such that listeners who were trained with 340 

talkers with mid to high levels of intelligibility demonstrated greater perceptual processing of the 341 

novel talker than those trained with talkers with low levels of intelligibility (Borrie et al., 2017a). 342 

Thus, it is possible that, in the current study, overall intelligibility of the familiarization talkers 343 

may partially explain the difference in performance between the listeners in the male dissimilar 344 

and female dissimilar training groups. Additionally, level of similarity between two speakers is 345 

unlikely to be a binary variable; it is more likely that dissimilarity and similarity is continuous. 346 

Therefore, dichotomous categorization of similarity may have also impacted the results of this 347 

study. Research should continue to investigate how the level of intelligibility and perceptual 348 

match between familiarization and test talkers’ mediate familiarization of dysarthric speech. 349 
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Results from this study also continue to demonstrate the efficacy of perceptual training as 350 

a potential adjunct to speech treatment for talkers with dysarthria. Current evidence shows 351 

promise for the use of perceptual training programs for any person who interacts with an 352 

individual, or individuals, with dysarthria. Specifically, the generalized effects from 353 

familiarization can lead to the development of training programs for individuals who interact 354 

with multiple talkers with dysarthria, such as healthcare workers. However, additional research is 355 

required in order to evaluate the effectiveness of familiarization training paradigms implemented 356 

in clinical settings. Thus, future studies should investigate perceptual training effects, and the 357 

generalization of such effects, in clinical settings with listeners who will potentially interact with 358 

talkers with dysarthria, such as physicians, physical therapists, and occupational therapists. 359 

Conclusion 360 

 Overall, this study extended results regarding generalized adaptation of dysarthric speech 361 

by showing that learning generalizes to talkers of a different sex. Further, the results of this study 362 

confirmed previous results regarding the key role that perceptual similarity plays in generalized 363 

learning. Taken together, the findings from this study have potential clinical implications for the 364 

development of generalized perceptual training programs that could be implemented along with 365 

traditional speech treatment for improved management of the intelligibility deficits that 366 

characterize dysarthria. 367 
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