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1. Introduction 

 
When processing spoken language, individuals need to pay attention to 

what is said (i.e., lexical and grammatical information) and to how it is said (i.e., 
prosodic information, encompassing emotional tone of voice and intonation). 
Individuals with Autism Spectrum Disorder (ASD) have difficulties in language 
processing, as noted in different versions of the Diagnostic and Statistical 
Manual of Mental Disorders (e.g., DSM-5; American Psychiatric Association, 
2013). Such difficulties may encompass the perception of speech prosody and 
generalization across different contexts (Lartseva, Dijkstra, & Buitelaar, 2014; 
McCann, & Peppé, 2003), with broad impact for social-communicative 
functioning (Paul, Shriberg, McSweeny, Cicchetti, Klin, & Volkmar, 2005). 
Although studies have explored whether individuals with ASD are sensitive to 
various prosodic contrasts in spoken sentences (e.g., Järvinen-Pasley Peppé, 
King-Smith, & Heaton 2008; Peppé, McCann, Gibbon, O’Hare, & Rutherford, 
2007), less is known about whether they readily generalize linguistic 
information across speakers. Furthermore, across studies of language processing 
in individuals with ASD, only a few have included nonverbal children (e.g., 
Ploog, Banerjee, & Brooks, 2009; Schreibman, Kohlenberg, & Britten, 1986).  

The current study represents a follow-up to a series of previous studies that 
used a similar test paradigm, but did not test for generalization. Ploog et al. 
(2009) used a discrimination-choice task embedded in a custom-made video 
game to examine attention to features of pre-recorded sentences varying with 
respect to content (e.g., Max ate a grape vs. Tom threw a ball) and prosody (i.e., 
intonation of statement vs. question). The discrimination-choice task was 
designed so that individuals could learn through trial and error without verbal 
instructions. Even though the participants with ASD, when compared with age-
matched typical controls, did not show any appreciable deficits in terms of 
discrimination based on content or prosody, they tended to base their 
discrimination equally on content and prosody whereas the typical controls, 
surprisingly, had a clear preference for content. Two other studies, using the 
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same video-game paradigm, also found atypical patterns of attention to content 
and prosodic features of sentences in the ASD group: Brooks and Ploog (2013) 
tested specifically for emotional prosody and Ploog, Brooks, Scharf, & Aum 
(2014) tested with an unfamiliar language to remove “meaning” and the 
consequent demands associated with interpreting sentences.  

It is a commonly held view that poor generalization is a hallmark 
characteristic of ASD (e.g., Church et al., 2015; de Marchena, Eigsti, & Yerys, 
2015; Plaisted, 2001). However, the empirical evidence to support this view is 
limited, warranting further study of this issue. Little to no research has been 
conducted on generalization of linguistic information, specifically prosodic 
information, across speakers without facial expressions or other speaker-
specific, non-linguistic information. Linguistic competence requires listeners to 
recognize features of speech (e.g., content, prosody) irrespective of who is 
speaking and categorize information across speakers who vary markedly in their 
vocal characteristics (i.e., recognition despite variation in “talker-specifics”). 
Thus, the question of generalization across speakers with varying talker-
specifics and without non-linguistic contextual cues is of interest. Nygaard and 
Pisoni (1998) examined whether talker-specifics acquired under training would 
facilitate the identification of novel stimuli under testing conditions where 
stimuli were embedded in noise. They found that talker-specifics aided linguistic 
processing, which generalized to novel stimuli embedded in noise, although the 
effect was attenuated if the training and testing situations were not comparable 
in terms of linguistic complexity (isolated words vs. sentence-length utterances).  

Note, however, that Nygaard and Pisoni (1998) did not test individuals with 
ASD. Plaisted, O’Riordan, & Baron-Cohen (1998) did and found that with 
familiar stimuli (i.e., stimuli with more common features), individuals with ASD 
showed relatively poor discrimination compared to controls. In contrast, with 
unfamiliar stimuli (i.e., stimuli with more unique features), individuals with 
ASD showed enhanced discrimination compared to controls. Considering that a 
familiar voice comprises more common features and an unfamiliar voice more 
unique features, the question arises as to whether individuals with ASD, 
compared to individuals with typical development (controls), differ in their 
ability to generalize across linguistic stimuli spoken with male- and female-
typical voices. This question was addressed in the current study. 

The previous studies by Brooks, Ploog, and their colleagues used one voice 
(male) with one exemplar sentence per condition (i.e., sentences varying in 
terms of lexical content and prosody). Therefore, it was possible that 
discrimination could be based on superficial perception of sensory, not linguistic 
information (i.e., rote memorization of a specific sentence in terms of its content 
and prosody or talker-specifics). This possibility would be reduced if the talker-
specifics of the voice used for the stimuli were varied. Thus, the current study 
employed male and female voices to test for generalization across different 
speakers. Based on previous literature, we expected to find differences between 
the ASD and typical individuals in their attention to the linguistic features of the 
stimuli and generalization of information across speakers.  
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2. Method 
2.1. Participants 
 

Participants were 13 youth with ASD (10 boys, 3 girls; M age 13 years; 5 
months, range 7;1–21;4, SD = 4;6); they were recruited through distribution of 
informational materials at two local programs for individuals with ASD. They 
exhibited varying levels of functional language skills during testing, ranging 
from verbal (n = 6; M age 11;5, SD = 3;1) to nonverbal (n = 7; M age 15;2; SD = 
4;11). Parental consent and child assent were obtained prior to participation.  
 
2.2. Apparatus and Stimuli 
 

The experiment utilized a two-alternative forced-choice task presented 
through a custom-made video game (cf. Ploog et al., 2014) run on a MacBook 
laptop computer. Stimuli were naturally spoken sentences, recorded by male and 
female native speakers of English. Each speaker recorded the same set of 
sentences using enthusiastic (J) and grouchy (L) tone of voice. All of the 
sentences contained monosyllabic names in an active-voice subject-verb-object 
construction. The male-voice recordings were used in a previous study (Brooks 
& Ploog, 2013); the female-voice recordings were created specifically for this 
study. All recordings were normalized based on duration and loudness to create 
sets of stimulus sentences of equivalent length and volume. 

 

	
Fig. 1. Images of the acoustic spectra of the four possible variations of the 
stimulus sentence Dave rode a bike. 
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Figure 1 shows the acoustic spectra of an example sentence Dave rode a 
bike in each prosody (enthusiastic, grouchy) and speaker (male, female) 
condition. Superimposed over the acoustic spectra is the fundamental frequency 
(pitch) contour. Enthusiastic sentences showed greater pitch variation and 
overall higher pitch than grouchy sentences. The male voice had lower pitch 
than the female voice, and female voice was characterized by more pronounced 
high-pitch peaks than the male voice. The emotional prosody was similar for the 
male and female voices while the stimuli also differed appreciably according to 
gender characteristics, making them appropriate for a valid generalization test. 
 
2.3. Procedure  
 

The experiment was conducted in the participant’s school or at their home. 
The participant was seated at a table in front of the computer with the 
experimenter at his/her side. The keyboard was covered with a protective shield 
with the computer mouse placed on top of the keyboard. Visuals were presented 
on the laptop’s screen with the stimuli (spoken sentences) presented through 
external speakers. The number of sessions for each participant was dependent on 
how many repetitions of a set of 36 training trials were required to reach a 
mastery criterion. Criterion was defined as 75% clicks on the “correct” sentence 
comprising the content and prosody correlated with reinforcement (C+P+). Each 
trial in a given session comprised three phases: Search, Choice, and Reward (see 
Figure 2 for screen shots of each phase of the video game). 

 
Search Phase Choice Phase Reward Phase 

   
Fig. 2. Images of the each phase of the video game. 

 
2.3.1. Search Phase   
 

During the Search Phase, by moving the mouse, participants navigated a 
cartoon bird to fly through a forest in search of acorns. The occurrence of acorns 
varied in accordance with a 5-s variable-time (VT 5-s) schedule, which presents 
an event response-independently on average once in 5 s. When the participant 
successfully moved the mouse to the acorns (functioning as a “Get Ready” 
response to assure that they were paying attention to the game), the Choice 
Phase was initiated with a new scenario on the screen. 
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2.3.2. Choice Phase 
 

The Choice Phase consisted of the bird sitting in the center between two 
acorns (left and right), serving as response buttons representing the two choices 
available to the child on a given trial. For example, one acorn may be associated 
with a sentence consisting of a specific combination of content and prosody 
features followed by a reward (C+P+, e.g., Dave rode a bike in enthusiastic tone 
of voice), whereas the other acorn may have been associated with a sentence 
consisting of different content and prosody features correlated with extinction 
(C–P–, e.g., Mark held a key in grouchy tone of voice). Sometimes test stimuli 
(e.g., C+P– or C–P+) were presented (see Section 2.4.2. below). 

By moving the mouse to the left or right half of the screen, the participant 
could turn the bird to face the left or right acorn, respectively. Turning the bird 
to face an acorn resulted in one of the pre-recorded sentences (e.g., C+P+) being 
played. Turning the bird to the opposite side resulted in presentation of the other 
sentence (e.g., C–P–), allowing the participant to sample both available 
sentences before making a choice. This procedural feature made it possible to 
present auditory stimuli in context of a simultaneous discrimination paradigm. 
Once the bird oriented towards an acorn by his/her movement of the mouse, the 
participant could then select the stimulus sentence associated with that acorn by 
clicking the mouse. This resulted in the bird actually pecking the acorn. Across 
trials, the position of the acorn associated with a given sentence stimulus varied 
randomly (50% left, 50% right), which served to prevent participants from 
developing a position bias. Successful pecks at the C+P+ resulted in the 
initiation of the Reward Phase.  

 
2.3.3. Reward Phase 
 

The Reward Phase involved presentation of an entertaining 6- to 10-s video 
clip of animals, toys, vehicles, people, funny sketches, etc., randomly selected 
from a library of over 100 video clips. At the end of the video clip, the screen 
changed automatically to initiate a new Search Phase. 

 
2.3.4. Counterbalancing of Stimulus Sets 
 

Two sets of stimulus sentences were assigned to each participant. Each 
stimulus set comprised sentences varying in content and prosody (J enthusiastic 
vs. L grouchy) yielding a complete stimulus set of C+P+, C–P–, C+P–, and C–
P+ sentences (e.g., Stimulus Set 1: Dave and Mark sentences spoken in 
enthusiastic or grouchy voices; Stimulus Set 2: Tim and Bob sentences also 
spoken in enthusiastic or grouchy voices). Within each stimulus set, two 
contrasting sentences were used for training (e.g., C+P+ = Dave rode a bike J 
vs. C–P– = Mark held a key L). In one of the stimulus sets, the target C+P+ 
sentence had enthusiastic prosody and in the other it had grouchy prosody, with 
the order of stimulus sets counterbalanced (i.e., half of the participants started 
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with a stimulus set with an enthusiastic C+P+ target and the other half started 
with a stimulus set with a grouchy C+P+ target). For half of the participants, the 
training sentences had a male voice and the generalization sentences had a 
female voice, and for the other half the assignment was reversed. Thus, across 
both stimulus sets, gender of voice and order of prosody conditions was 
completely counterbalanced. 
 
2.4. Sessions 
 

As further described below, all participants completed four types of 
sessions: Original Training, Test 1, Refresher Training, and Test 2 in this order 
for Stimulus Set 1. Then they repeated the entire procedure with Stimulus Set 2. 
Using the Dave and Mark sentences as an example, the number and types of 
trials for each of the four phases are shown in Table 1. 

 
Table 1. Trial types for Original Training, Test 1, Refresher Training and 
Test 2, with examples of sentences (J  = enthusiastic; L  = grouchy). 
 

Trial Type # Examples of Stimulus Sentence Pairs 

Original Training  36  C+P+ Dave rode a bike J C–P– Mark held a key L 
Test 1 Training  18  C+P+ Dave rode a bike J C–P– Mark held a key L 
     *Generalization  6 C+P+ Dave rode a bike J C–P– Mark held a key L 
     Prosody  6  C+P+ Dave rode a bike J C+P– Dave rode a bike L 
     Content  6  C+P+ Dave rode a bike J C–P+ Mark held a key J 
     Preference  6 C+P– Dave rode a bike L C–P+ Mark held a key J 
Refresher Training  18  C+P+ Dave rode a bike J C–P– Mark held a key L 
Test 2 Training  18  C+P+ Dave rode a bike J C–P– Mark held a key L 
     *Generalization  6 C+P+ Dave rode a bike J C–P– Mark held a key L 
     *Prosody  6  C+P+ Dave rode a bike J C+P– Dave rode a bike L 
     *Content 6  C+P+ Dave rode a bike J C–P+ Mark held a key J 
     *Preference  6 C+P– Dave rode a bike L C–P+ Mark held a key J 

*Trial types involving a change in voice 
 
2.4.1. Original Training and Refresher Training 
 

Original and Refresher Training comprised 36 and 18 training trials, 
respectively, with C+P+ vs. C–P– stimuli presented concurrently (i.e., each 
sentence was associated with one of the two acorns presented in the Choice 
Phase). On all training trials, responses to C+P+ were reinforced according to a 
variable-interval 4-s schedule. A VI 4-s schedule makes a reinforcer (i.e., a 
video clip reward) available for the first response (peck) that occurs after an 
average of 4 s. Thus, on training trials, at least one response to the C+P+ was 
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required. In contrast, responses to C–P– were extinguished, that is they never 
resulted in a reward video. If the participant responded 75% of the time or 
higher to the C+P+ (i.e., 75% or more of their clicks were on the acorn 
associated with the C+P+ sentence), the participant progressed to Test 1 (after 
Original Training) or Test 2 (after Refresher Training). If responding was below 
75% accuracy (i.e., too many clicks to the C–P– sentence), then the Original or 
the Refresher Training was repeated until the 75% criterion was reached. 
 
2.4.2. Test 1 and Test 2 
 

Each test consisted of 42 trials comprising 18 training trials as described 
above and 24 test trials that were randomly interspersed. On test trials, no 
reward was available and termination of the test trial was governed by a VT 15-s 
schedule (i.e., after 15 s, the next Search Phase was initiated response-
independently). Test stimuli were created by recombining content and prosody 
features of the training stimuli and by changing the voice of the speaker from 
male to female or vice versa. In addition to the 18 training trials, each test 
session included a total of 24 test trials comprising six trials of each of four 
types of test trials (see Table 1): (1) generalization test trials (C+P+ vs. C–P– 
with change in the gender of the voice from the original training); (2) prosody 
test trials (C+P+ vs. C+P–, with sentences differing in prosody but not content); 
(3) content test trials (C+P+ vs. C–P+, with sentences differing in content but 
not prosody); and (4) preference test trials (C+P– vs. C–P+, where each sentence 
shared one feature with the original C+P+). In Test 1, change in voice occurred 
for only the generalization trials (with the same C+P+ and C–P– stimuli as 
during training) but not for the prosody, content, and preference trials. In Test 2, 
change in voice occurred for the prosody, content, and preference test trials in 
addition to the generalization trials. At the completion of Test 1, Refresher 
Training comprising 18 training trials was given before proceeding to Test 2. 
 
3. Results 
 

First we present data on the number of training sessions required to reach 
criterion (75% C+P+ choices). Then we examine performance on each test trial 
type. For most trial types, we examined the proportion of responses (mouse 
clicks) to the target sentence (C+P+) in either the original or opposite gender 
voice. Only on preference test trials (C+P– vs. C–P+), because no C+P+ 
stimulus was presented, we examined the proportion of response to the stimulus 
sentence with the original content (C+P–) as opposed to prosody (C–P+).  
 
3.1. Number of Training Sessions to Criterion  
 

Table 2 displays the mean number of training sessions required to reach the 
75% criterion for Original and Refresher Training. Nonverbal individuals 
required on average 4.5 sessions of Original Training whereas verbal individuals 
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required 1.2 sessions. This difference, however, was not statistically significant, 
F(1, 11) = 1.16, p = .30. Note: One nonverbal individual required 25 training 
sessions for the first set and 18 for the second set, whereas the other nonverbal 
youth did not require excessive training. For Refresher Training, all participants 
required only one session to reach the 75% criterion. 

 
Table 2. Mean (SD) Training Sessions Required to Reach Criterion. 
 

 Original Training Refresher Training 

 J L J L 

Verbal  1.2 (0.4) 1.2 (0.4) 1.0 (0) 1.0 (0) 
Nonverbal 5.0 (8.9) 4.0 (6.3) 1.0 (0) 1.0 (0) 

Note: J indicates the stimulus set where C+P+ sentence had enthusiastic prosody;         
L indicates the stimulus set where C+P+ sentence had grouchy prosody. 
 
3.2. Training and Generalization Trials in Tests 1 and 2 
 

Table 3 presents percentages of C+P+ responses over C–P– responses in 
training trials (in original voice) and generalization trials (in opposite gender 
voice) that were embedded in Test 1 and Test 2.  

 
Table 3. Mean (SD) Percentages of C+P+ Choices on Training and 
Generalization Trials. 
 

 Training Trials Generalization Trials 

 Test 1 Test 2 Test 1 Test 2 

 J L J L J L J L 

Verbal  99.3 
 (1.1) 

98.5 
(1.3) 

94.1  
(6.4) 

99.6 
 (0.7) 

93.3 
(1.5) 

99.0 
(1.7) 

99.7 
(0.6) 

99.5 
(1.0) 

Nonverbal 91.2 
 (8.6) 

92.2  
(6.3) 

93.9  
(4.5) 

92.2 
(6.9) 

90.4  
(15.4) 

82.8 
(23.1) 

97.2 
(2.2) 

94.7 
(7.7) 

Note: J indicates the stimulus set where C+P+ sentence had enthusiastic prosody;         
L indicates the stimulus set where C+P+ sentence had grouchy prosody. 
 

To compare performance of nonverbal and verbal individuals on training 
and generalization trials, we ran an ANOVA with ASD Subgroup (nonverbal vs. 
verbal) as a between-subjects factor and Test (Test 1 vs. Test 2), Trial Type 
(training vs. generalization), and Prosody of C+P+ (enthusiastic vs. grouchy) as 
within-subjects factors. This analysis indicated a significant main effect of ASD 
Subgroup, F(1, 11) = 8.18, p = .015, ηp

2 = .43 (overall, nonverbal children 
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performed less accurately than verbal children) that was qualified by a 
significant interaction of ASD Subgroup x Test, F(1, 11) = 5.24, p = .043, ηp

2 = 
.32. In Test 1, nonverbal individuals (M = 89.2%) were less consistent in 
clicking on the C+P+ target than verbal individuals (M = 94.8%); this difference 
was absent in Test 2 (nonverbal M = 99.0%, verbal M = 98.2%). In addition to 
these effects involving Subgroup, there was a significant interaction of Test and 
Prosody Condition, F(1, 11) = 7.13, p = .020, ηp

2 = .40, and a marginally 
significant interaction of Trial Type and Prosody Condition, F(1, 11) = 4.72, p = 
.052, ηp

2 = .30. These two-way interactions appeared to be largely due to lower 
accuracy on generalization trials in Test 1 when the C+P+ target had grouchy 
prosody (M = 90.3%) relative to all other conditions (M ≥ 94.0%). The marginal 
interaction not withstanding, the results overall suggest that the youth with ASD 
were able to generalize the trained discrimination to the opposite gender voice.  
 
3.3. Prosody Trials  
 

Table 4 presents the results for the Prosody Trials: the mean percentage of 
responses to the C+P+ over responses to the C+P– (i.e., test for prosody 
performance given the same content) in Test 1 (same voice) and Test 2 (opposite 
gender voice). Again we used ANOVA to compare performance of verbal and 
nonverbal youth. Despite considerable variability in performance within the 
sample (see Figure 3), the ASD subgroups showed equivalent performance 
overall, F(1, 11) = .00, p = .98; nonverbal M = 65.6%, verbal M = 64.0%. 
Accuracy did not vary significantly as a function of Test, F(1, 11) = 1.96, p = 
.19, or Prosody Condition, F(1, 11) = .70, p = .42. Although the ANOVA 
revealed a lack of significant main effects, there was a significant three-way 
interaction of Subgroup x Test x Prosody Condition, F(1, 11) = 18.52, p = .001, 
ηp

2 = .63. As is evident from the means in Table 4, when comparing 
performance across Tests 1 and 2, verbal and nonverbal youth showed opposing 
trajectories that varied as a function of the prosody of the C+P+ stimulus.  

 
Table 4. Mean (SD) Percentages of C+P+ Choices on Prosody Trials. 
 

 Test 1 (original voice) Test 2 (change in voice) 

 J L J L 

Verbal  81.0 (17.1) 55.3 (39.3) 54.4 (21.6) 65.1 (34.1) 
Nonverbal 64.5 (10.0) 71.6 (17.1) 75.3 (17.5) 55.1 (34.6) 

Note: J indicates the stimulus set where C+P+ sentence had enthusiastic prosody;         
L indicates the stimulus set where C+P+ sentence had grouchy prosody. 
 

Figure 3 shows the average performance on Prosody Trials in Test 1 
(original stimuli) and Test 2 (change in voice) for each participant. Across the 
sample, there was considerable variability in performance, with some 
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participants in each of the subgroups (verbal, nonverbal) showing high accuracy 
in discriminating the sentences based on emotional tone of voice, and other 
children performing at or below chance (50%). Out of the 26 observations (i.e., 
13 participants undergoing Test 1 and Test 2), there were 19 instances of 
children not reaching above the established 75% training criteria. The observed 
individual differences appeared to be stable across Tests 1 and 2 with the same 
individuals showing the highest levels of performance across the two tests. Note 
also that there were children in each subgroup who appeared to perform worse 
on Test 2 than Test 1, which leaves open the possibility that some children were 
exhibiting difficulties in generalization.  
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Fig. 3. Individual differences in performance on Prosody Trials for 
verbal and nonverbal children with ASD; (50% indicates change 
performance; 75% indicates the training criterion). 

3.4. Content Trials  
 

Table 5 presents the results for the Content Trials: the mean percentage of 
responses to the C+P+ over responses to the C–P+ in Test 1 (same voice) and 
Test 2 (opposite gender voice). The ANOVA comparing ASD subgroups 
indicated that the subgroups did not differ on content trials, F(1, 11) = 2.91, p = 
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.12; nonverbal M = 91.6%, verbal M = 98.6%, nor did performance vary 
significantly as a function of Test (original versus opposite gender voice), F(1, 
11) = 1.81, p = .21, or Prosody condition, F(1, 11) = .04, p = .84. In addition to 
the main effects, none of the interactions approached significance. The lack of a 
significant effect of Test or interaction of Test with ASD Subgroup, F(1, 11) = 
.02, p = .90, suggests that the participants were readily able to generalize 
information about lexical content to the opposite gender voice.  

 
Table 5. Mean (SD) Percentages of C+P+ Choices on Content Trials. 
 

 Test 1 (original voice) Test 2 (change in voice) 

J L J L 

Verbal  99.9 (0.4) 98.6 (3.0) 96.8 (4.7) 99.3 (1.2) 
Nonverbal 96.0 (4.6) 91.2 (15.4) 89.1 (13.4) 90.3 (17.4) 

Note: J indicates the stimulus set where C+P+ sentence had enthusiastic prosody;         
L indicates the stimulus set where C+P+ sentence had grouchy prosody. 
 
3.5. Preference Trials  
 

Table 6 shows the results for the Preference Trials: mean percentage of 
responses to the C+P– over responses to the C–P+ (i.e., preference for content 
over prosody when each of the two stimuli contained one feature of the original 
C+P+ training stimulus). As before, these percentages are shown separately for 
Test 1 (same voice) and Test 2 (opposite gender voice).  

 
Table 6. Mean (SD) Percentages of C+P– Choices on Preference Trials. 
 

 Test 1 (original voice) Test 2 (change in voice) 

 J L J L 

Verbal  98.6 (2.0) 98.0 (4.0) 99.3 (1.3) 99.1 (1.9) 
Nonverbal 97.6 (1.8) 90.6 (12.6) 87.1 (21.9) 88.8 (21.4) 

Note: J indicates the stimulus set where C+P+ sentence had enthusiastic prosody;         
L indicates the stimulus set where C+P+ sentence had grouchy prosody. 
 

The ANOVA comparing ASD subgroups indicated that nonverbal 
individuals were less consistent in selecting the C+P– sentence than verbal 
individuals, F(1, 11) = 5.38, p = .041, ηp

2 = .33: nonverbal M = 91.0%, verbal M 
= 98.7%. Performance on Preference Trials did not vary significantly as a 
function of Test (original versus opposite gender voice), F(1, 11) = .12, p = .73, 
or Prosody Condition, F(1, 11) = .07, p = .79, and there were no significant 
interactions. The lack of any significant effects involving Test suggests that 
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participants’ preferences to select sentences based on content over prosody 
tended to be similar (i.e., generalize) across the two voices. 

 
4. Discussion 
 

This study employed a discrimination-choice procedure, embedded in a 
custom-made video game, to explore whether individuals with ASD generalize 
linguistic information, i.e., content and prosodic features of spoken sentences, 
across speakers varying in gender. Our diverse sample comprised verbal and 
nonverbal youth with ASD. After training to select one of the sentences, they 
heard test probes comprising re-combinations of the content and prosody 
features of these sentences, with generalization trials interspersed that presented 
an unfamiliar voice of gender opposite from the voice used in training. Both 
verbal and nonverbal participants exhibited impairment in discriminating 
sentences based on emotional prosody, which contrasted with their accuracy in 
discriminating sentences based on lexical content. These findings fit with other 
work documenting difficulties in receptive tests of prosody in “high-
functioning” individuals with ASD (e.g., Gebauer, Skewes, Hørlyck, & Vuust, 
2014; Peppé et al., 2007), while extending research to nonverbal individuals. A 
recent review of the literature on emotional language processing in ASD 
(Lartseva et al., 2015) reported that difficulties in perceiving emotional prosody 
did not correlate with age, IQ, or language skills. Similarly, we found that 
nonverbal and verbal youth did not differ in their performance on Prosody 
Trials. Although both verbal and nonverbal youth exhibited a strong bias to 
respond on the basis of content over prosody on Preference Trials, this tendency 
was weaker in the nonverbal subgroup. This finding suggests that verbal abilities 
may enhance attention to lexical content, as was evident in Ploog et al. (2009) 
where an ASD group that included nonverbal children was less likely than an 
age-matched control group to select on the basis of content.  

Overall, our sample performed worse on Prosody Trials than a somewhat 
younger ASD sample tested by Brooks and Ploog (2013), who used the same 
male-voice recordings, but did not vary speaker gender. The overall accuracy on 
Prosody Trials was 76.4% C+P+ choices in Brooks and Ploog (2013) versus 
64.9% in the current study. Varying the speaker voice across trials arguably 
would have increased task demands as participants had to cope with drastic 
changes in talker-specifics while attempting to extract the relevant linguistic 
information from the sentences. A well-researched phenomenon that relates task 
demands (interaction or dependence of two or more stimulus dimensions) to 
discrimination performance has been studied with Garner two-choice speeded-
classification tasks (cf. Garner, 1976). The purpose of such tasks is to test for 
independence of two stimulus dimensions (in our study prosody vs. talker-
specific voice). The logic is that if the two dimensions are processed in an 
integral manner, it will be impossible to ignore the second dimension, leading to 
a decrement in responding to the first dimension. Hence, it might be the case 
that our participants had difficulties in separating talker-specifics from prosodic 
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information, which made it more challenging to discriminate on the basis of 
emotional tone of voice. Even though perhaps speculative at this point, it is of 
interest that Graham and Bar (2007) demonstrated Garner interference using 
emotional stimuli (faces) in typical adults. Jerger, Pearson, and Spence (1999) 
examined the Garner effect in a sample of 100 children of 3 to 20 years and 20 
adults using auditory speech stimuli and showed that the magnitude of the 
interference decreased with age. Considering that ASD is a developmental 
disorder associated with some developmental delays, it is a possibility that the 
individuals with ASD may be especially susceptible to Garner-type interference. 
Clearly, more research will be required to address this hypothesis sufficiently. 

With regards to performance on Training and Generalization Trials, the 
primary focus of the current investigation, overall performance of the sample 
was quite high (i.e., above 90%, see Table 3). Nevertheless, the nonverbal 
subgroup showed slightly worse performance than verbal youth in maintaining 
the discrimination acquired in Original Training—a decrement that was 
especially evident for generalization trials in Test 1 when the C+P+ target had 
grouchy prosody. However, on Content and Preference Trials (Tables 5 and 6), 
there was no significant effect of Test (Test 1: original voice vs. Test 2: change 
in voice) or interactions involving Test, indicative of intact generalization. These 
findings seem to contradict the view that individuals with ASD exhibit poor 
generalization (Church et al., 2015; de Marchena et al., 2015; Lovaas, Koegel, & 
Schreibman, 1979; Plaisted, 2001), suggesting the need for future research on 
speech recognition and categorization to identify factors that impede or facilitate 
generalization under varying task demands. The current study provides further 
validation of the utility of video games as a means of engaging youth with ASD, 
who otherwise may be excluded from research (cf. Ploog, Scharf, Nelson, & 
Brooks, 2013). Given that the majority of youth with ASD have been able to 
play our video game with success, it may have potential therapeutic applications 
as a method of rewarding attention to emotional cues in speech.  
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