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ABSTRACT 

An investigation of audiovisual speech perception using the McGurk effect 

by 

Debshila Basu Mallick 

 

Integrating information from the auditory and visual modalities is vital for speech 

perception. In this thesis, I describe two studies of audiovisual speech perception that 

make use of an audiovisual illusion known as the McGurk effect. In the McGurk effect, 

two different syllables presented simultaneously in auditory and visual modalities are 

fused and perceived as a novel syllable (McGurk & MacDonald, 1976). In the first study, 

we conducted a large-scale assessment of the McGurk effect across fourteen McGurk 

stimuli tested in up to 165 participants. This study revealed that McGurk perception is 

characterized by wide variability across stimuli. The second study investigated whether 

phonetic identification training could increase McGurk perception. This study showed 

that participants improved on the training task, but there was no increase in McGurk 

perception.  
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Chapter 1. Wide variability in McGurk perception across different stimuli 

Humans use information from both the auditory modality (the sound of the talker’s 

voice) and the visual modality (the sight of the talker’s face) to understand spoken 

language. McGurk and MacDonald (1976) discovered that some combinations of 

incongruent auditory and visual syllables result in the percept of a third syllable not 

present in the stimulus. They explained that this third syllable makes similar mouth 

movements as the visual component and potentially shares acoustic features with the 

auditory component thereby resulting in fusion of these discrepant audiovisual stimuli. 

The McGurk effect is a useful tool because it allows for a simple assessment of auditory-

visual speech perception that is much quicker than alternatives, such as measuring how 

visual speech improves recognition performance at varying levels of auditory noise 

(Sumby & Pollack, 1954). Because of its simplicity, the McGurk effect has been used as 

a measure of audiovisual integration in healthy children (Nath, Fava & Beauchamp, 

2011; Tremblay et al., 2007); adults (Gentilucci & Cattaneo, 2005; Stevenson, Zemtsov 

& Wallace, 2012); clinical groups, such as individuals with autism spectrum disorder 

(Irwin, Tornatore, Brancazio & Whalen, 2011; Woynaroski et al., 2013); and studies 

examining the neural substrates of speech perception (Beauchamp, Nath & Pasalar, 2010; 

Keil, Müller, Ihssen & Weisz, 2012; McKenna Benoit, Raij, Lin, Jääskeläinen & 

Stufflebeam, 2010; Nath & Beauchamp, 2011; Skipper, van Wassenhove, Nusbaum & 

Small, 2007).  
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Article No. of McGurk 
stimuli 

Participants 
tested 

Average 
McGurk  

McGurk & MacDonald, 1976 
1 

54 
98 

1 81 

MacDonald & McGurk, 1978 
1 

44 
64 

1 20 

Green, Kuhl, Meltzoff & Stevens, 
1991 

1 12 50 

1 12 91 

1 12 76 

1 12 71 

Green, & Gerdman, 1995  
1 10 78 

1 10 51 

Walker, Bruce & O’Malley, 1995  12 36 48 

Green & Norrix, 1997 

1 12 90 

1 12 83 
1 22 60 

2 12 45 
MacDonald, Andersen & Bachmann, 
2000  2 19 

50 

Rosenblum & Yakel, 2001  
10 20 87 

Paré, Richler, ten Hove, & Munhall, 
2003  

4 12 59 

4 9 84 

3 16 70 

Table 1.1. Review of selected recent studies 
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Article 
No. of McGurk 

stimuli 
Participants 

tested 
Average 
McGurk  

Gentilucci & Cattaneo, 2005 1 31 26 
Quinto et al., 2010 

1 28 88 

Beauchamp et al., 2010 1 9 94 

1 9 86 

Nath & Beauchamp, 2011 1 14 46 

Keil, Müller, Ihssen & Weisz, 2012  1 18 42 

Stevenson, Zemtsov & Wallace, 2012 1 26 58 
 
Note: Fifteen studies of the McGurk effect were reviewed for number of stimuli and 
participants. The first column shows the citation by year of publication (arranged in 
ascending order of year of publication), the second column shows the number of McGurk 
stimuli used, and the third column shows the number of participants tested and the fourth 
column shows the McGurk perception averaged across all participants and all stimuli 
reported in the studies. For studies with multiple experiments using different numbers of 
stimuli or participants, each experiment is listed in a separate sub-row.  

 

Despite the widespread use of the McGurk effect, we do not know how frequent it 

is. As shown in Table 1.1, reported values in the literature range from 20% to 98%. We 

hypothesized that this wide range of estimates for McGurk frequency stems from the fact 

that most studies have used a single stimulus (often created for that study) and that these 

stimuli vary in their ability to evoke the McGurk effect. To test this hypothesis, we 

directly compared fourteen different stimuli (seven of them used in previously published 

studies) using a large group of participants. We expected that the McGurk frequency 

measured in the same participants across many stimuli should match the range of 

McGurk perception reported in the literature across many studies, each using a single 

stimulus.  



MULTISENSORY SPEECH PERCEPTION 	  4 

Methods 

Participants gave written informed consent under an experimental protocol 

approved by the Rice University Institutional Review Board. Undergraduate students 

from Rice University participated in the study for psychology course credit (N = 165; 

average age 19 years; 106 female participants). All participants had normal or corrected-

to-normal vision and no hearing impairments. Fourteen different McGurk stimuli (Figure 

1.1) and sixteen control stimuli (congruent audiovisual, auditory-only and non-McGurk 

incongruent) were used (not all stimuli were presented to all participants, see Table 1.2 

for details). We included the auditory-only and congruent audiovisual stimuli to ensure 

that participants could perceive these stimuli with high accuracy. If participants have 

problems in perceiving the auditory-only stimuli and the congruent audiovisual stimuli, it 

would be difficult to dissociate fusion perception from erroneous perception of auditory-

only or congruent audiovisual stimuli.   
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Figure 1.1. The 14 different McGurk stimuli used in the study. 
The stimulus identifier and auditory (A) and visual (V) components of each stimulus are 
shown. More information, including stimulus source, in Table 1.2.  
 

Participants were seated at a desk in a quiet testing room about 50 centimeters 

away from a 15-in laptop screen (1440x900 resolution) and wore noise-attenuating 

headphones. The stimuli were presented using Psych Toolbox (Brainerd, 1997; Pelli, 

1997) in Matlab. Participants with visual deficiencies were instructed to participate with 

their glasses or contact lenses on. Demand characteristics can influence participant 

responses (Orne, 1962). To minimize their influence, I used an open-choice rather than 

forced-choice response: task instructions emphasized that there were no correct or 

S1 (A/ba/-V/ga)         S2 (A/ba/-V/ga/)      S3 (A/baba/-V/gaga)   S4 (A/baba/-V/gaga/)

    S5 (A/ba/-V/ga/)       S6 (A/ba/-V/ga/)         S7 (A/ba/-V/ga/)         S8 (A/ba/-V/ga/)

S9 (A/baba/-V/gaga/)     S10 (A/ba/-V/ga/)   S11 (A/ba/-V/ga/)  S12 (A/pa/-V/ka/)

S13 (A/ba/-V/ga/)   S14 (A/pa/-V/ka/)
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incorrect responses and no feedback was given.  First, the eight auditory-only syllables 

were played five times in random order while participants viewed the blank laptop 

screen. Before beginning, the following instructions were read to the participant and 

displayed on the laptop screen: “You will hear recordings of different people talking. 

After each recording, repeat loudly and clearly what the person said. If you are not sure, 

take your best guess. There are no right or wrong answers. Let me know when you are 

ready and I will start the task.” At the end of this task, the participants received a one-

minute break. Second, the audiovisual stimuli (14 McGurk, 6 congruent and 2 non-

McGurk incongruent) were presented 10 times each in random order. We also used 

another incongruent stimulus, which was a combination of an auditory /ba/ and visual 

/fa/. This stimulus was very different from the other stimuli we used; it resulted in a 

visually dominant percept, and therefore was not included in our analysis. The stimuli 

were presented in two blocks (5 repetitions of each stimulus in each block, one-minute 

rest interval between blocks). Participants were instructed as follows: “You will see 

videos of different people talking. Please watch the screen. After each video, wait till the 

grey screen appears. As soon as it appears, repeat loudly and clearly what the person said. 

If you are not sure, take your best guess. There are no right or wrong answers.” The 

experimenter typed in the subject’s response following each trial; an audio recording of 

each response was also made. 
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Table 1.2.  Stimulus details  

ID (A) –(V) Percept N  Source (Youtube ID) 
S1 A/ba/-V/ga/ /da/, /tha/ 165 Nath & Beauchamp, 2011 (kYE6DPMMkdg) 
S2 A/ba/-V/ga/ /da/, /tha/ 66 Sekiyama et al., 1995 
S3 A/baba/-V/gaga/ /dada/, /thatha/ 165 (tUf0672xAOU) 
S4 A/baba/-V/gaga/ /dada/, /thatha/ 165 (5Lq26mgFpOc) 
S5 A/ba/-V/ga/ /da/, /tha/ 66 Kaoru Sekiyama, Kumamoto University 
S6 A/ba/-V/ga/ /da/, /tha/ 88 Quinto et al., 2010 
S7 A/ba/-V/ga/ /da/, /tha/ 66 Kaoru Sekiyama, Kumamoto University 
S8 A/ba/-V/ga/ /da/, /tha/ 66 Sekiyama et al., 1995 
S9 A/baba/-V/gaga/ /dada/, /thatha/ 165 (aFPtc8BVdJk) 
S10 A/ba/-V/ga/ /da/, /tha/ 165 (rIWrnJH2jAY) 
S11 A/ba/-V/ga/ /da/, /tha/ 165 Doğu Erdener, Middle East Technical University 
S12 A/pa/-V/ka/ /ta/, /tha/ 165 Beauchamp, et al., 2010; (An5vvn-gcwA) 
S13 A/ba/-V/ga/ /da/, /tha/ 165 (jtsfidRq2tw) 
S14 A/pa/-V/ka/ /ta/, /tha/ 165 Skipper et al., 2007 (51lVOJ8jfxA) 
C1 A/ba/-V/ba/ /ba/ 165 Nath & Beauchamp, 2012 (ZU-hEuHmvZA) 
C2 A/ga/-V/ga/ /ga/ 165 Nath & Beauchamp, 2012 (S8KsUD6JKoU) 
C3 A/pa/-V/pa/ /pa/ 165 Baum et al., 2012 (d3CB23b6npE) 
C4 A/ka/-V/ka/ /ka/ 165 Baum et al., 2012 (Eyd9omtB6NA) 
C5 A/da/-V/da/ /da/ 165 Nath & Beauchamp, 2012 (nQPzUVEu8VM) 
C6 A/ta/-V/ta/ /ta/ 165 Baum et al., 2012 (UMtHaQMVu4g) 
I1 A/ga/-V/ba/ /ga/, /bga/ 165 Baum et al., 2012 (kz_iEs1FYS4) 
I2 A/ka/-V/pa/ /ka/, /pka/ 165 Baum et al., 2012 (lFlPXg5cBM8) 
A1 A/ba/ /ba/ 165 See table legend for URL 
A2 A/baba/ /baba/ 165 See table legend for URL 
A3 A/pa/ /pa/ 165 See table legend for URL 
A4 A/papa/ /papa/ 165 See table legend for URL 

Note: The first column shows the identifier for each stimulus used. The stimuli with an ‘S’ prefixed to 
a number are all McGurk stimuli, a ‘C’ prefix are congruent stimuli, an ‘I’ prefix are non-McGurk 
incongruent and an ‘A’ prefix are auditory-only stimuli (all auditory-only syllables were recorded by 
both a male and a female speaker, available from 
http://openwetware.org/wiki/Beauchamp:McGurkStimuli#Unisensory_Stimuli). The McGurk stimuli 
were ordered by increasing stimulus strength. The second column shows the auditory (A) and visual 
(V) syllables comprising each stimulus. The third column shows the responses that were classified as 
McGurk fusion responses. The fourth column shows the number of participants tested with each 
stimulus. The fifth column shows the sources of the McGurk stimuli, either as a citation (available on 
request from the authors) or freely available from YouTube, http://www.youtube.com/watch?v=X, 
where X is the listed YouTube ID code. All stimuli were edited to have duration of 1.5 - 1.9 seconds 
and a video size of 640 by 480 pixels. 
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Results 

We defined the strength of a stimulus as the percentage of McGurk responses 

evoked across all presentations of that stimulus to all participants. There was substantial 

variability in the strength of different stimuli (Figure 1.2A and Table 1.3). The weakest 

stimulus, S1, evoked the McGurk effect on only 17% of trials while the strongest 

stimulus, S14, evoked the effect on 81% of trials. A one-way repeated measures analysis 

of variance (ANOVA) showed a highly significant effect of stimulus for 165 participants 

tested with 9 stimuli [F(8,1312) = 56, ε = 0.76, p = 10-90 corrected with Greenhouse-

Geisser] and for 66 participants tested with 14 stimuli [F(13,845) =23, ε = 0.58, p = 10-31 

corrected]. Stimulus differences accounted for approximately one-third of total variability 

(effect size, ηp
2, of 0.35 and 0.28 for the two ANOVAs).  
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Figure 1.2. McGurk responses across stimuli and participants.  
A. Mean and variability for all stimuli. Each grey bar shows the percentage of McGurk 
responses for that stimulus averaged across all participants (error bars show standard 
error of mean). The light grey bar shows the average McGurk perception across all 
stimuli and participants. 
B. Histogram representing the distribution of susceptibility values across all participants. 
The dotted line shows the classification threshold at 50% for grouping participants as 
low-susceptibility and high-susceptibility. 
 

McGurk stimulus (S)

Percentage 
of McGurk 
responses 

A

B

Percentage of 
participants 

Percentage of McGurk responses 

S2           S10           S14

0 50 100
0

35

70

0 50 100 0 50 100

50

0 50 100

0

35

70

C

Percentage of McGurk responses 

Percentage of 
participants 

0

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Mean
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Table 1.3. Description of responses for each McGurk stimulus 

 

ID McGurk 
fusion  

AUC d'  c Concordance 
(%)  

Auditory 
 

Visual  Other 
 

S1 17 0.71 1.54 50 68 66 0 5 
S2 17 0.75 1.68 10 79 69 0 11 
S3 20 0.75 1.98 60 72 62 1 4 
S4 25 0.78 1.90 100 72 44 0 1 
S5 28 0.86 2.30 50 83 42 0 9 
S6 32 0.92 2.61 20 89 45 1 6 
S7 42 0.93 2.46 50 88 18 0 1 
S8 43 0.86 2.01 10 74 47 0 10 
S9 45 0.87 2.27 10 81 48 3 8 
S10 48 0.92 2.41 20 75 19 0 22 
S11 49 0.88 1.98 30 78 53 1 0 
S12 55 0.82 1.61 20 66 70 1 4 
S13 58 0.71 0.97 50 62 53 1 30 
S14 81 0.72 1.72 60 58 69 10 4 

Mean 
across N 40     47 1 9 

Note: The first column shows the identifier for the McGurk stimulus (stimuli were sorted by 
strength in ascending order before the identifier was assigned). The second column shows the 
mean percentage of fusion responses, the third column shows the area under the ROC curve 
(AUC), maximum d' value, obtained for the classification threshold (c) shown in the fourth 
column. The fifth column shows the concordance between classification of participants based 
on the single stimulus at the specific classification threshold and classification based on all 
other stimuli (excluding that stimulus) using a classification threshold of 50%. The sixth, 
seventh, and eighth columns show the percentage of auditory, visual or other responses to the 
stimulus. Responses to the McGurk stimuli were divided into 5 categories similar to those of 
McGurk and MacDonald (1976). For example, for the McGurk stimulus A/ba/-V/ga/, the 5 
response categories were as follows: McGurk or fusion response (/da/ or /tha/); auditory (/ba/); 
visual (/ga/); combination (/gba/ or /bga/) and other (e.g. /va/). The categories were mutually 
exclusive such that the proportions of responses added to 100. For stimuli with double syllables, 
each syllable was scored separately. For example, if the stimulus was an A/baba/-V/gaga/ 
combination, a /dada/ response was scored as 100% McGurk response and a /daba/ response as 
50% McGurk and 50% auditory responses. The few trials on which the participant did not make 
a response were not analyzed. 
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Averaged across stimuli, the McGurk effect was reported on 43% of trials. 

However, this percentage masks significant variability across participants. Within each 

individual, we calculated the percentage of trials on which a McGurk effect was reported, 

termed the participant’s susceptibility. Plotting the distribution of these values across all 

participants revealed a broad distribution (Figure 1.2B).  Susceptibility has been used to 

classify participants into low-susceptibility and high-susceptibility groups (Berger & 

Ehrsson, 2013; Nath & Beauchamp, 2011; Nath et al., 2011), often using a value of 50% 

as the classification threshold. Applying this threshold to our dataset classified 59% of 

participants as low-susceptibility and 41% as high-susceptibility (Figure 1.2B). However, 

previous studies often performed the classification with only a single stimulus. As shown 

in Figure 1.2C, using different single stimuli for classification with the 50% classification 

threshold can result in very different participant groupings: for stimulus S2, 82% of 

participants were classified as low-susceptibility and 18% as high-susceptibility, while 

for stimulus S14, 15% of participants were classified as low-susceptibility and 85% as 

high-susceptibility.  
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Figure 1.3. McGurk susceptibility based on individual stimuli. 
A. ROC curves for three McGurk stimuli (S2, S10, S14) showing correct and incorrect 
classifications at varying thresholds. Text describes the maximum d'	  at the most 
discriminating threshold. The reference for classification was a threshold of 50% applied 
to the average of all stimuli except the stimulus being tested. 
B. Area under the curve for the fourteen McGurk stimuli. 
C. Maximum d' values for each stimulus.  

 
When examining a stimulus classifying participants into high and low-

susceptibility groups, considering only correct classification is not an adequate estimate 

because, in addition to having high correct classification rate, a stimuli may have a high 

incorrect classification. For instance, all high susceptible people may be identified by a 

stimulus resulting in 100% correct classification. At the same time the stimulus may also 

A

d’ = 1.72
0.0

0.5

1.0
S2

0.0 0.5 1.0

d’ = 1.68

S14

0.0 0.5 1.0

Incorrectly classified as highly susceptible
(False alarm rate)

Correctly 
classified 
as highly 
susceptible
(Hit rate) 

S10

d’ = 2.41

0.0 0.5 1.0

1 2 3 4 5 6 7 8 91011121314
0.0

0.5

1.0

Area under 
the curve

McGurk stimulus (S)
1 2 3 4 5 6 7 8 9 10 11 1213 14

0.0

1.5

2.5

McGurk stimulus (S)

d'

B 
C 



MULTISENSORY SPEECH PERCEPTION 	  13 

be incorrectly classifying low-susceptible people as high-susceptible, thereby resulting in 

a very high incorrect classification rate. Therefore, stimuli varied in terms of their ability 

to correctly discriminate between high and low McGurk susceptible individuals. In fact, it 

could be argued that different classification thresholds should be used for different 

stimuli. In order to understand the tradeoff between high correct classification (hit rate) 

and high incorrect classification (false alarm) using a McGurk stimulus, I used a Receiver 

Operating Characteristics (ROC) analysis (Fawcett, 2006; Metz, 1978), which depicts the 

relationship between correct and incorrect classification performance of classifiers. To 

examine classification performance for single stimuli at different thresholds, I performed 

the ROC analyses with a threshold of 50% applied to all stimuli (Figure 1.3A) used to 

define “correct” classification. Because there were 10 presentations of each stimulus to 

each participant, there were 11 possible classification thresholds for each stimulus (0% to 

100% inclusive). I calculated the area under the curve (AUC) across thresholds for each 

stimulus as an index of classification performance (0.5 indicates chance performance, 1.0 

indicates perfect classification; Figure 1.3B). There was a large range of AUCs, from 

0.71 to 0.93 (Table 3). The best classifications were obtained with stimuli S6, S7, S10, 

S11 (M AUC = 0.91).  

I also calculated the d' at each of the eleven thresholds, with the maximum d' as 

the index of best classification performance for the stimulus. The d' differed substantially 

across different thresholds and different stimuli (Figure 1.3A). For stimulus S2, the peak 

d' of 1.68 occurred at a threshold of 10% McGurk perception; because S2 was very weak, 

in order to classify any participant as having high-susceptibility, a low classification 

threshold was necessary. For stimulus S14, the peak d' of 1.72 occurred at a threshold of 
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60%; because S14 was a strong stimulus, to classify any participant as having low-

susceptibility, a high threshold was necessary. However, even changing the threshold for 

each stimulus to maximize the d' did not equate the classification performance of 

different single stimuli (Figure 1.3C). Weak stimuli (strength less than 28%, S1 – S4) and 

strong stimuli (strength greater than 48%, S11 – S14) had low peak d' values (mean peak 

d' = 1.67, all d' < 2). For these stimuli, there was poor concordance between the 

classification obtained with a single stimulus and the classification based on all stimuli 

(minimum of 58% concordance for stimulus S14). Stimuli with intermediate strengths 

(S5 – S10) had the highest d' values (mean d' = 2.34, all d' > 2). For each of the 

intermediate stimuli, there were large percentages of participants who never perceived the 

illusion and who always perceived it, allowing accurate classification into high-

susceptibility and low-susceptibility groups. For these stimuli, there was a high degree of 

concordance (maximum of 89% concordance for stimulus S6).  

I wanted to examine whether McGurk perception was stable within participants 

over time. I found that average McGurk perception across participants and stimuli 

remained unchanged between the first and second testing blocks within each 

experimental session, separated by approximately one minute [Figure 1A; block 1: Mean, 

M = 43%, SD across participants = 29% vs. block 2:  M = 42%, SD = 29%, paired t-test, 

t(164) = 1.36, p = .17] or between two experimental sessions, separated by at least twelve 

months [Figure 1B; session 1: M = 46%, SD = 31% vs. session 2:  M = 48%, SD = 31%, 

paired t-test, t(39) = 1.11, p = .27]. For each individual participant, I calculated the 

percentage of McGurk responses across stimuli, termed the participant’s susceptibility. 

Within individuals, there was little change in susceptibility over time, with a high 
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correlation between test and retest at both the one minute (Figure 1C; r = .96, p = 10-88) 

and twelve month time points (Figure 1D; r = .91, p =10-16).  

 
 

 

 

 

 

 

 

 

 

 

 

Note: The first column shows the stimulus identifier, the second column shows 
the mean percentage (M) and standard deviation (SD) of McGurk responses for each 
stimuli during the first test session followed by the M and SD from the retest session in 
the next 2 columns (~12 months later). The sixth column shows the paired correlation 
between test-retest responses on each stimulus followed by the p-values (p) 
corresponding to the significance tests for the correlation values.   

Responses on individual stimuli were highly correlated (range of r from 0.60 to 

0.99) from the first session to the next session ~12 months later. This showed that 

McGurk perception was reliable even over a long period of time. All the correlation 

values were found to be highly significant (range of ps from 10-5 to 10-18).  This shows 

that not only was McGurk perception across all stimuli consistent between test and retest 

sessions, but it was also consistent for individual stimuli. 

ID Test Retest r p 
M SD M SD 

S1 20 31 26 33 0.77 10-9 
S2 23 40 24 42 0.99 10-13 
S3 21 35 23 34 0.73 10-8 
S4 32 46 28 44 0.93 10-18 
S5 36 45 39 45 0.92 10-7 
S6 30 41 39 43 0.81 10-5 
S7 54 46 56 46 0.94 10-8 
S8 32 38 44 40 0.84 10-5 
S9 47 47 55 46 0.83 10-11 
S10 51 43 57 45 0.83 10-11 
S11 54 45 54 43 0.79 10-9 
S12 63 44 58 44 0.71 10-7 
S13 60 42 60 40 0.60 10-5 
S14 83 35 85 29 0.78 10-9 

Table 1.4. Test-retest with different McGurk stimuli  



MULTISENSORY SPEECH PERCEPTION 	  16 

A critical control when examining the perception of McGurk syllables is the use 

of auditory-only and congruent audiovisual syllables. If participants do not accurately 

perceive these unambiguous stimuli, then the presence or absence of a fusion percept is 

difficult to interpret. As expected, participants were at ceiling for identification of 

congruent audiovisual stimuli (M = 99%, SEM = 0.2) and auditory-only stimuli (M = 

98%, SEM = 0.30). For consistency with the original McGurk study, we also presented 

non-McGurk incongruent syllables (e.g. A/ga/-V/ba/). These stimuli did not lead to 

McGurk fusion responses, and participants almost always reported the auditory 

component of the stimulus (M = 98%, SEM = 1).  

For the McGurk fusion responses, there were no gender differences [Males: M = 

43%, SD = 28% vs. Females: M = 43%, SD = 30%, unpaired t-test, t(114.4) = -0.07, p = 

0.95].  

 Discussion 

We assessed McGurk susceptibility using 14 different McGurk stimuli. There was a 

high degree of interstimulus variability in McGurk perception with stimulus strengths 

ranging from 17% to 81%. This corresponds with the wide range of McGurk frequencies 

reported in the literature (see Table 1.1). The stimuli in the original report are no longer 

available (John MacDonald, 2013, personal communication) and there is no “standard” 

McGurk stimulus that is in wide use. Because stimulus creation is time consuming, most 

studies of the McGurk effect have used a single stimulus, often created and used only in 

one study from a laboratory. This procedure implicitly relies on the assumption that each 

McGurk stimulus is equivalent to all others. Our data suggest that this assumption is 

incorrect, and that different McGurk stimuli vary widely in strength. Studies reporting 
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low McGurk frequency likely used weak stimuli and studies reporting high McGurk 

frequency likely used strong stimuli. 

To test this idea, we attempted to compare strengths for identical stimuli between 

our study and previous studies. Stevenson et al. (2012) tested stimulus S6 but excluded 

participants who never reported the McGurk percept for this stimulus from their 

calculations, finding that for the remaining participants the McGurk percept was reported 

on 58% of trials. If we follow the same exclusion procedure, we find that the McGurk 

percept was reported on 59% of trials for this stimulus. However, the fraction of subjects 

who never reported the McGurk percept was much greater in our study than in the 

Stevenson study (40/88, 45% vs. 5/26, 19%). A possible explanation for this observation 

is that we used an open-choice response while Stevenson et al. used a forced-choice 

response format. Forced-choice responding alerts participants to the possibility of the 

McGurk fusion percept, priming them to expect the illusion (Colin, Radeau & Deltenre, 

2002). 

Beauchamp et al. (2010) reported greater strengths for stimuli S11 and S12 than 

found in the present study (94% vs. 49% for S11 and 86% vs. 55% for S12). In their 

study, Beauchamp et al. (2010) studied the effects of transcranial magnetic stimulation 

(TMS) on perception of the McGurk effect. Because it was only possible to measure 

disruption of the effect by TMS in those who experienced the effect, only high-

susceptibility participants were recruited. This pre-screening introduced bias and 

increased the reported strength. Similarly, Nath and Beauchamp (2011) reported greater 

strength for stimulus S1 than found in the present study (46% vs. 17%). The goal of Nath 

and Beauchamp (2011) was to measure brain responses to McGurk stimuli using BOLD 



MULTISENSORY SPEECH PERCEPTION 	  18 

fMRI (blood oxygenation level dependent functional Magnetic Resonance Imaging) in 

high and low susceptibility participants, so pre-screening was used to ensure equal 

numbers of participants in each group. While this pre-screening could not have affected 

the main result of the study (BOLD responses to McGurk stimuli in the superior temporal 

sulcus were significantly greater in high-susceptibility participants) it increased the 

reported strength of the stimulus. However, the use of a single stimulus for classification 

(Nath & Beauchamp, 2011; Nath et al., 2011; Berger & Ehrsson, 2013) should be 

reconsidered in the light of the present results, as the results of this classification vary 

greatly depending on the single stimulus used: concordance between classification with a 

single stimulus and the classification obtained using all stimuli was as low as 58% or as 

high as 89%.  

Differences between McGurk stimulus strengths may explain contradictions in the 

literature. For instance, Irwin et al. (2011) found that participants with autism spectrum 

disorder (ASD) had lower McGurk susceptibility than typically-developing (TD) 

participants while Woynaroski et al. (2013) reported similar susceptibilities in ASD and 

TD. However, both of these studies used different single stimuli. The Irwin et al. (2011) 

stimulus was much stronger than the Woynaroski et al. (2013) stimulus (88% vs. 28% in 

the control participants). Because the Irwin et al. (2011) stimulus was strong, the authors 

were able to observe a significant decrease in McGurk frequency in the ASD group (from 

88% to 56%, p = 0.01). The Woynaroski et al. (2013) study reported a non-significant 

difference between the two groups (28% to 38%, p = 0.4), but observing reductions might 

have been difficult because the stimulus was relatively weak to begin with.  
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While it is not critical to understand the reasons why a particular McGurk 

stimulus is strong or weak in order to use it experimentally, it is clearly an important 

question for future research. If the stimulus features responsible for stimulus strength 

could be identified, any given stimulus could be evaluated, and its strength estimated 

without presenting it to many observers using Bayesian inference (Ma, Zhou, Ross, Foxe 

& Parra, 2009). One study estimated that physical stimulus features account for 52% of 

fusion responses (Jiang & Bernstein, 2011). The synchrony between auditory and visual 

components of the stimulus is likely to be particularly important (Munhall, 1996; van 

Wassenhove, Grant & Poeppel, 2007).  

We report a dramatic difference in the strengths of different McGurk stimuli. 

However, stronger stimuli are not automatically “better”, and no single McGurk stimulus 

is likely to be appropriate for all studies. Studies that attempt to increase McGurk 

perception through training might make use of a very weak stimulus to maximize the 

potential increase with training. Studies that wish to discriminate subjects with strong and 

weak audiovisual integration (as measured with the McGurk effect) should use moderate-

strength stimuli with high d’ values. Studies examining deficits in clinical populations 

might select a very strong stimulus allowing greater headroom in measuring degrees of 

impairment. Selecting three stimuli of different strengths would provide the most 

comprehensive picture of between-group differences in audiovisual integration.  
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Chapter 2. An investigation of the effect of audiovisual phonetic identification 

training on McGurk perception 

From the previous study, we found that there was wide variability in McGurk 

perception across stimuli. The present study was motivated by impaired audiovisual 

integration in several clinical groups such as: individuals with autism (Irwin, Tornatore, 

Brancazio, & Whalen, 2011), schizophrenia (de Gelder, Vroomen, Annen, Masthof, & 

Hodiamont, 2002; Pearl et al., 2009), stroke patients (Hamilton, Shenton & Coslett, 

2006), dyslexia (Blau, van Atteveldt, Ekkebus, Goebel, & Blomert, 2009). With the 

distant vision of enhancing audiovisual integration in these clinical groups, in the present 

study I attempted to address whether healthy individuals with low audiovisual integration 

as measured by McGurk susceptibility (≤ 50% McGurk perception) can be trained to 

increase their audiovisual integration. This study was conducted prior to the previous 

study and therefore the information about stimulus differences was unavailable during 

this time. 

In many cases information from the auditory modality is adequate in speech 

comprehension, for example, while talking on the cell phone or listening to the radio. 

Although visual cues tend to affect auditory speech perception even when auditory 

information has no noise (McGurk & MacDonald, 1976), visual cues become critical 

while understanding speech in noisy environments, like trying to talk in on a noisy city 

street or while understanding a foreign accent. Using auditory and visual cues in 

understanding noisy speech is beneficial because they are independent references of 

information, which may be merged to allow noise reduction and generate perceptions that 

are more accurate (Grant & Seitz, 2000; Stein & Meredith, 1993; Sumby & Pollack, 
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1954). Information from the two independent modalities (audition and vision) is 

combined to yield a meaningful percept especially in presence of noise (e.g. Sumby & 

Pollack, 1954; Erber, 1972, 1975). Several behavioral studies have demonstrated the 

benefits of using visual cues in understanding noisy speech, which can increase the signal 

to noise ratio by as much as 11 decibels (MacLeod & Summerfield, 1990). A study of 

native English speakers found that these individuals could understand English spoken 

with a foreign accent better with the help of visual cues (Irwin, Pilling, & Thomas, 2011; 

Reisberg, McLean, & Goldfield, 1987). In such cases, presenting the visual movements 

of the mouth along with the noisy auditory stimuli enhances comprehension of speech 

(Ross, Saint-Amour, Leavitt, Javitt, & Foxe, 2006). Individuals with hearing impairment 

and cochlear implantation highly benefit from visual cues in speech (Erber, 1975). Erber 

(1972) studied children with normal hearing, severe hearing impairment and profound 

deafness in a consonant identification task. He showed that all groups performed best 

under an audiovisual presentation condition as compared with their performances on 

auditory-only and visual-only conditions (Erber, 1972).  

Several studies have attempted to improve an individual’s ability to integrate 

auditory and visual information. Shams and Seitz (2008) state that multisensory training 

is more effective than unisensory training directed towards audiovisual integration. Seitz, 

Kim, and Shams (2006) showed that multisensory training using audiovisual stimuli for a 

motion-detection task led to faster learning and better performance over training sessions 

when compared to unisensory visual training. Although both groups improved after 

training, the audiovisual only training group had greater improvements within as well as 

across each training session. This also provides an evidence of unisensory learning 
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benefited by multisensory training. Bahrick, Lickliter, and Flom (2004) found that stimuli 

from multiple modalities help direct selective attention. This phenomenon is distinctly 

observable during infancy. It contributes greater ability to process, learn and remember 

attributes of stimuli that are not specific to any single modality but are rather multimodal 

in nature such as synchronicity, rhythm, and intensity of stimuli (Bahrick et al., 2004). I 

hypothesized that if individuals can be trained to pay attention to the visual aspects of 

audiovisual speech, it may lead to increased audiovisual integration and McGurk 

perception. Kim, Seitz, and Shams (2008), also showed that individuals benefited more 

from training on congruent audiovisual stimuli than incongruent audiovisual stimuli using 

a motion coherence detection task. These findings motivated the use of congruent 

audiovisual stimuli for training. 

 In a study by Powers III, Hillock and Wallace (2009), subjects were trained to 

improve their ability to detect asynchronous audiovisual stimuli. The training paradigm 

consisted of a two-alternative forced choice audiovisual simultaneity task with feedback. 

They paired a white ring on a black background with a tone burst at different stimulus 

onset asynchronies. Subjects were asked to judge if the auditory and visual stimuli were 

simultaneous or not. If they were correct, then the phrase “Correct!” and a happy face 

appeared on screen. Otherwise the phrase “Incorrect!” and a sad face appeared on screen. 

The subjects were tested on the same task before and after training without any feedback. 

The authors found that subjects became more accurate in detecting asynchronous 

audiovisual stimuli; after training, they exhibited a 40 % decrease in the time window in 

which the auditory and visual stimuli are integrated. This study used non-speech 
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audiovisual stimuli to demonstrate that behavioral training can improve performance on a 

multisensory integration task. 

Other studies have used speech reading as a means of increasing audiovisual 

integration (Bernstein, Auer, & Tucker, 1998; Gesi, Massaro, & Cohen, 1992; Walden, 

Prosek, Montgomery, Scherr, & Jones, 1977). If the auditory stimuli are degraded, this 

auditory ambiguity may facilitate increased reliance on the visual cues to aid speech 

comprehension. Hence, a speech reading training program comprised of modules that 

explicitly instruct subjects to attend to mouth movements may be able to improve 

individuals’ audiovisual integration. 

There are three primary cues with which to differentiate and identify the auditory 

stimuli. These consist of the voicing, manner of articulation, and place of production of 

syllables. Voicing refers to whether there are any vibrations of the vocal folds during 

syllable production. Manner of articulation indicates how contact amongst the articulators 

creates a sound. Place of production refers to the different places in the mouth from 

which syllables is produced. These include bilabials, labiodentals, lingua-dentals, lingua-

alveolar, lingua-palatal, lingua-velar and glottal areas. Out of the three features 

mentioned above, the only externally observable characteristic is the place of articulation. 

These mouth movements, which are recognizable and represent more than one speech 

sound, have been referred to as visemes (from “visual phoneme”, Fisher 1968). They are 

parallel to phonemes in the auditory modality (Jackson, 1988). For instance, they may be 

bilabial, such as /pa/, /ba/ and /ma/. Both the upper and lower lips are brought in contact 

for the production of these syllables. These visually observable characteristics of speech 

contribute maximally to visual speech perception and speech reading. It must be noted 
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that identification of visual-only syllables across different viseme categories is easier than 

identifying visemes within the same category because differences in mouth movements 

within a viseme category are much smaller than differences in mouth movements 

between categories. 

Previous studies indicate that training enhances visual speech perception 

(Bernstein, Auer, & Tucker, 1998; Gesi, Massaro, & Cohen, 1992; Walden, Prosek, 

Montgomery, Scherr, & Jones, 1977). In these studies, participants were trained to 

discriminate amongst different visual syllables with respect to their places of production. 

These studies included training on consonant-vowel (CV) syllable identification and 

discrimination. Several studies have also demonstrated that lip reading training benefits 

occur very quickly, within the first few hours of training (Bernstein et al., 1998; Massaro 

et al., 1993; Walden et al., 1977).  

Walden et al. (1977) used a consonant-vowel (CV) syllable identification training 

program with adult participants with sensorineural hearing impairments and matched 

normal controls. They found that after a 14-hour training program, subjects could respond 

to nine clusters of visemes, as compared to five clusters before training. They also 

detected that training-related benefits occurred after the first few hours of training. A later 

study by Walden et al. (1981) used a 50-hour training in lip-reading or listening to 

nonsense syllables on two groups of subjects with sensorineural hearing deficits of high 

frequency. Before and after training, these subjects were tested with sentences and vowel-

consonant-vowel (VCV) syllable identification. Their findings indicated a significant 

benefit of the lip-reading training on within-category viseme identification. However, this 
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may be attributed to test-retest effects because they did not have a matched control group 

to compare the results (Bernstein et al., 1998).  

Gesi et al. (1992) used a 3-hour training program and recruited subjects with 

normal hearing. They compared two different types of training methods. These methods 

include instructions on forced choice identification of CV syllables with feedback and the 

other included information about features of visible speech. The subjects returned after an 

interval of four weeks for another training set lasting 3 days. There was a 20% increase in 

CV identification independent of training method. Their performance was tested on a 

transfer task using monosyllabic words after another three-week interval. The training 

effects did not transfer to the new task. 

In the present study, I formulated an audiovisual phonetic identification training 

paradigm that included web-based instructions for identifying mouth movements 

corresponding to different syllables, congruent syllable identification training with 

feedback using audiovisual CV syllables with noisy auditory and clear visual 

components, and test of identifying these noisy CV syllables (without feedback).  I 

wanted to focus on the audiovisual integration process and therefore used audiovisual 

stimuli instead of unisensory auditory or visual stimuli. In addition, multisensory training 

has been found to be more effective than unisensory training (Seitz, Kim, & Shams, 

2006; Shams, & Seitz, 2008). Individuals trained on congruent audiovisual stimuli 

benefited more than incongruent audiovisual training (Kim, Seitz, & Shams, 2008). Our 

goal was to enhance audiovisual integration, and since everyday speech tends to have 

congruent audiovisual information we used congruent training stimuli and not 

incongruent audiovisual pairs. 
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I hypothesized that due to the noisy auditory component, subjects would attend 

more to the visual stimulus (mouth movements) thereby improving their ability to 

perceive visual speech. This enhanced visual speech perception was in turn hypothesized 

to result in more McGurk fusion perception. 

Methods 

Subject recruitment 

Seven native English speaking right-handed subjects between 20 and 29 years of 

age were recruited. Their handedness was assessed using the Edinburgh Handedness 

Inventory. Subjects were undergraduate and graduate students recruited from Rice 

University, and nearby areas of Houston. Prior to recruitment, subjects had to give 

written informed consent under an experimental protocol approved by the Committee for 

the Protection of Human Subjects of the University of Texas Health Science Center at 

Houston.  

Subject screening session with McGurk syllables 

Each subject was screened by his or her ability to perceive the McGurk effect. 

Two McGurk stimuli were used in this portion of the study: auditory /ba/ with visual /ga/ 

producing a percept of /da/ (referred to as “A/ba/-V/ga/”) and auditory /pa/ with visual 

/ka/ producing a percept of /ta/ (referred to as “A/pa/-V/ka/”). Each subject was presented 

with each of the two McGurk stimuli 10 times in random order interspersed amongst 

congruent audiovisual syllables (/ba/,/ga/,/pa/,/ka/). The number of McGurk stimuli 

sufficient to classify individuals as low McGurk perceivers was determined on the basis 

of an analysis of 3 pilot subjects’ McGurk responses to the first 10 and last 10 McGurk 

stimuli presentations during the pre-test which show no significant difference (n = 3, p = 
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0.18). The subjects were instructed to write down what they thought each syllable was 

and then press space bar to move on to the next stimulus. The instructions given to the 

subjects before this task were the following: “You will see a video of a person saying 

some syllables. Please pay attention to the speaker’s mouth during the videos and to the 

white cross on the screen at all other times. Please write down what the syllables are. 

Press spacebar to start and to continue moving to the subsequent videos. If you are 

confused, just take your best guess. There are no right or wrong answers in this task.” 

Individuals who perceived the McGurk effect on 50% or less McGurk trials were 

recruited. After a preliminary screening session, 7 subjects were recruited. 

The experimental sessions, excluding the screening session, were distributed over 

a 5-day period with the pre-test on the first day followed by three days of training and 

concluded by a post-test session on the fifth day. The experimental sessions lasted for 1.5 

hours per day (Table 2.1).  

Table 2.1.  Distribution of experimental sessions 

 

Pre-test Training Post-test 

Session 
days Day 1 Days 2,3,4 Day 5 

Content 
McGurk 
syllables 

American phonology training for 20 
minutes 

McGurk syllables 

 

10 random 
presentations 
of 12 noisy 
audiovisual 
syllables 

Audiovisual phonetic identification 
training task: 20 randomized 
presentations of 7 noisy audiovisual 
syllables (with feedback) 

10 random 
presentations of 
12 noisy 
audiovisual 
syllables 

  
Test after training (no feedback)  

 
Pre-training and post-training assessment 

Before and after the three days of audiovisual phonetic identification training, 

each subject’s ability to identify noisy audiovisual syllables and McGurk syllables was 
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assessed. Thirteen noisy audiovisual syllables were selected based on their place of 

production in the mouth. The following syllables under these five places of production 

were chosen because syllables under these categories are simple consonant-vowel pairs 

that can be clearly differentiated on the basis of their observable features.  

Table 2.2.  Syllables selected for testing sessions and training based on their place of 
production in the mouth  
Place of Production Noisy audiovisual Syllables  

Bilabial Ba, Ma, Pa 
Labiodental Fa, Va  
Lingua-alveolar Ta, Da, Sa, La, Na 
Lingua-velar Ka, Ga 
Glottal Ha 
 

During the pre-training and post-training 13 noisy syllables were presented to 

each subject 10 times in random order. These 13 syllables were selected from the five 

different places of articulation, viz., bilabial, labiodental, lingua-alveolar, velar and 

glottal (see Table 2.2). The auditory degraded training syllables were created following 

Shannon et al.’s syllables (1995). Noise was introduced in the auditory stimuli using 

Matlab (MathWorks) using a noise vocoding based filter. It retains the temporal envelope 

of the stimulus while regulating noise within four different frequency bands (0–800 Hz, 

800–1500 Hz, 1500–2500 Hz, and 2500–4000 Hz). A 300 Hz sampling rate of the 

temporal envelope was used for every single frequency band of the noise-vocoded speech 

(Shannon et al., 1995). This consequently reduced speech comprehensibility and has been 

previously found to decrease scores on recognition tasks (Shannon et al., 1995). The 

volume level for noisy AV syllable task was set based on a comfortable level for 

individual subjects. Subjects were given the same instructions as in the screening session 

and had to write down the perceived syllable for each trial. The last 2 subjects’ 
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unisensory recognition was tested on these 13 noisy audiovisual syllables when its 

auditory and visual components were presented twice individually.  

The behavioral post-training session also included a McGurk assessment with the 

two same McGurk syllables as in the screening (i.e. A/ba/-V/ga/ and A/pa/-V/ka/) as well 

as interspersed presentations of two congruent audiovisual stimuli (where the auditory 

and visual syllables are the same). Each of these six total audiovisual stimuli were 

presented 10 times each, with the same instructions before and after training. The 

subjects’ performance on the McGurk screening task was included as a pre-training 

measure of McGurk perception of the subjects.  

Audiovisual phonetic identification training program 

  We designed a training paradigm that incorporated different principles of auditory 

and visual integration, specifically: when auditory signals are degraded people rely more 

on the visual signal (Sumby & Pollack, 1954). The training program was distributed over 

three days where each session lasted for about 1.5 hours per day.  

Place of production training. The training module began with an instructional 

component, where subjects were given instructions and demonstrations on how different 

syllables may be distinguished through their observable features (i.e., place of 

production). During this stage, the subjects underwent phonetic identification training 

where different places of articulation were animated through videos of a human mouth 

articulating different syllables.  

The subjects were instructed to observe the different places of production of 

syllables using a phonology training website 

(www.uiowa.edu/~acadtech/phonetics/english/frameset.html).  The subjects focused on 
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the places of production as mentioned in Table 2.2. As shown in Figure 2.1, the subject 

chose a syllable (/pa/, in this example), heard the auditory syllable, and watched the 

corresponding place of articulation as a video of an actor’s mouth as well as a moving 

cartoon. They repeated this process for all the syllables under each of the five places of 

production categories as mentioned in Table 2. The syllables under each of these 

categories included bilabial (/p/, /b/, /m/, /w/), labiodental (/f/, /v/), lingua-alveolar (/t/, 

/d/, /n/, /l/, /s/, /z/; the complex syllables were excluded), lingua-velar (/k/, /g/; the nasal 

syllable was excluded) and a glottal (/h/ syllable). The syllables that could not be defined 

clearly as simple consonant-vowel pairs were not used. 

 

Figure 2.1.  The phonology training website displaying different instructional 
procedures demonstrating the place of production for the bilabial consonant /pa/.  

 
Noisy audiovisual syllable recognition training. The second component 

included training subjects to recognize syllables with a noisy auditory component. With a 

degraded auditory component, it was hypothesized that subjects would use more 

information from the visual cues, i.e., the corresponding mouth movements (visemes).  
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In this training, subjects were presented with noisy audiovisual stimuli with a 

degraded auditory component. A subset of seven syllables were selected from the full set 

of thirteen syllables used in place of production for use in this portion of training 

representing all the five categories of places of production: /ma/, /fa/, /da/, /ta/, /na/, /ga/, 

/ha/. Two versions of each syllable were used: noisy syllable with noise-vocoded auditory 

component paired with clear visual mouth movements, and non-noisy syllable with clear 

auditory and visual components. 

Each of the seven noisy syllables was randomly presented 20 times. After each 

presentation of noisy stimulus, the subjects were asked to verbally report the perceived 

syllable. After their response, subjects received verbal feedback (experimenter said 

“correct”/ “incorrect”) and viewed a presentation of the video of the same syllable with a 

clear auditory component.  

Noisy audiovisual syllable recognition assessment. After each noisy audiovisual 

syllable recognition training session, the subjects were tested on their ability to accurately 

identify the noisy stimuli that they were trained on. During this testing session, no 

feedback was given to the subjects. This test had an open-choice response format. The 

benefits of testing effects were assumed to help amplify the strength of the training 

(Roediger & Karpicke, 2006). Each of the seven syllables used in the noisy audiovisual 

syllable training were presented to each subject 10 times in random order. The subjects 

gave written responses to each syllable with the same instructions as in the screening 

process. This was the third and final phase of the training program. 
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Results 

The study aimed to enhance the multisensory integration of the participants as 

measured by the McGurk effect, using an audiovisual phonetic syllable identification 

paradigm.  

The subjects’ performance on the behavioral noisy audiovisual syllable 

recognition improved from 72% accuracy to 87% accuracy after training [t(6) = -4.17, p = 

0.006; Figure 2.2A]. This suggests that the subjects improved in their ability to recognize 

noisy audiovisual syllables after training. Individual performance shows that all the 

subjects started at or above 50% accuracy during the pre-training session. All the subjects 

improved after training on the noisy audiovisual syllable task except for subject 5, whose 

performance decreased slightly from 84% before training to 82% after training (Figure 

2.2B).  

 

  

 
Before    After 

Training   Training 

Accuracy (%) 

A. 
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Figure 2.2. Accuracy of recognition of auditory-noisy audiovisual stimuli before and 
after training.  
A. Noisy auditory audiovisual recognition improved after training.  
B. Performance of the seven subjects on the noisy audiovisual syllable recognition task 
after training. Six out of the seven subjects improved on the noisy audiovisual syllable 
recognition after training.  
 

The errors that the subjects made during the noisy audiovisual syllable 

recognition task suggested that they confused some of the noisy audiovisual syllables 

with syllables belonging to the same place of production, both before and after 

completion of the training program. For instance, the noisy audiovisual syllable /la/ and 

/na/ which were confused by all subjects, have the same place of production (i.e., lingua-

alveolar). This indicates that subjects tend to utilize the visual cues for recognition of 

noisy audiovisual syllables with a degraded auditory component. This approach to 

recognizing noisy audiovisual syllables remains unchanged after training. 

The subjects’ performance on the noisy audiovisual training task improved with 

training (Figure 2.3). During the pre-test session the mean accuracy of noisy audiovisual 

syllable recognition was 66% which increased to 87% after the first training session  

[t(6) = -5.10, p = 0.002] . Recognition accuracy also increased on day 2 responses of 

training to 99% accurate [t(6) = -2.62, p = 0.04]. However, the subjects’ performance on 

0% 
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100% 
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Training 
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Training 

Subject 1 

Subject 2 

Subject 3 
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Subject 5 
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Subject 7 

Accuracy (%) 
B. 
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the training task did not change significantly on the subsequent sessions [t(6) = -1.55, p = 

0.17]. 

 

Figure 2.3. Subjects’ performance on the noisy audiovisual syllable recognition training 
with their before (green square) and after (red square) training performance. P-values 
show significance of accuracy change from previous day. Error bars show standard error 
of mean (SEM). 
 

However, the subjects’ performance on the behavioral McGurk task declined 

slightly after training from 16% to 14% McGurk perception after training [t(6) = 0.27, p 

= 0.80; figure 2.4A]. Three out of the seven subjects McGurk perception declined after 

training, three of them remained unchanged whereas only one subject had an increase in 

McGurk perception after training (Figure 2.4B). 
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A. 

 

B. 

 

Figure 2.4. Effect of training on McGurk perception. 
A. Audiovisual phonetic identification training did not affect McGurk perception in 

subjects. 
B. McGurk perception in the seven subjects before and after training. 

 

The last two subjects were additionally tested with auditory and the visual 

components of the noisy audiovisual task before and after training to determine any 

training benefits to these unisensory tasks.  
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Accuracy (%)   Accuracy (%) 

 

Figure 2.5. Performance on unisensory tasks (n=2). 
A. On the noisy auditory-only recognition task, both subjects improved. 
B. On the visual-only recognition task subject 6 improved and subject 7’s performance 

worsened.  
 

  Both subjects had increased recognition of the noisy auditory-only components 

after training (Figure 2.5A). However, for the visual-only recognition task subject 6 

improved whereas subject 7 had decreased performance accuracy (Figure 2.5B). 

Discussion 

The present study aimed to increase McGurk perception using audiovisual 

phonetic identification training. After three days of audiovisual phonetic identification 

training, subjects improved at identifying audiovisual syllables with a noisy auditory 

component (positive training effect). The training had a unisensory benefit for noisy 

auditory stimuli perception in both subjects tested with unisensory stimuli, but its 

contribution to unisensory visual stimuli perception is inconclusive. Similar to this study, 

other studies have shown improvement in auditory speech in noise recognition after 

training. Normal hearing adults had improved recognition of monosyllabic words with 

background noise (Burk, Humes, Amos, & Strauser, 2006), and identifying speech in 
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multi-talker noise after training (Song, Skoe, Banai & Skraus, 2012). Identification of 

syllables in noise has been shown to improve with perceptual training in both new and 

experienced hearing aid users (Stecker et al., 2006).  

The findings suggest that discriminating amongst the noisy auditory component of 

the audiovisual syllables was more effectively trained than the discrimination of mouth 

movements (visemes) for these syllables. Visemes within the same category appear very 

similar when articulated, such as the bilabial /ba/, /ma/ and /pa/, and, lingua-alveolar /ta/, 

/da/, /la/, /na/ and others. Hence, discriminating within the same category of visemes is 

very difficult. This is due to the limited information conveyed through a human face 

articulating the syllables without the aid of auditory information. Although the subjects 

successfully learned to discriminate amongst the different places of production that they 

were trained on, discriminating within the same category of visemes was still difficult for 

them. Therefore, the subjects learned to discriminate amongst the noisy auditory 

component but were unable to do fine-tuned viseme discrimination.  

The training did not significantly change McGurk perception (far transfer). This 

lack of far transfer is a common finding in perceptual learning literature (Alais & Cass, 

2010; Morgan & Fahle, 1996). Morgan and Fahle (1996) demonstrated visual perceptual 

learning to be very stimulus specific. They used a three-dot vernier and a three-dot 

bisection task, which are very similar to each other (both include an imaginary line and 

determining the discrepant position of the middle point on that line), and showed that 

training in three-dot vernier task did not lead to transfer to the three-dot bisection task 

and vice versa. Alais and Cass (2010) found stimulus specific effects of temporal order 

judgment training using auditory, visual and AV stimuli. They trained three groups of 



MULTISENSORY SPEECH PERCEPTION 	  38 

subjects on auditory, visual and audiovisual temporal order judgment (TOJ). They found 

no inter-modality transfer from unisensory training. In addition, they also did not find any 

transfer of learning to make TOJs to all the different levels of temporal offsets.   

It is also possible that incongruity of the audiovisual pairings is important for 

training individuals to increase their McGurk perception. It is possible that since we used 

congruent audiovisual pairs for training, McGurk perception was not benefitted.  

  My results suggest that our training task either failed to increase the influence of 

visual modality on speech perception or that increased visual influence did not change 

McGurk susceptibility. Ways to identify this possibility would be to train people for 

much longer on a task with unisensory visual stimuli to make the subjects depend on 

visual cues for speech perception even in the absence of noise in the auditory stream. On 

the other hand, individuals may be trained on incongruent pairs of audiovisual syllables 

to enhance McGurk perception.    
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General Discussion 

It had long been considered that most people perceive the McGurk effect 

(McGurk, & MacDonald, 1976) with recent studies showing variability in McGurk 

perception across individuals (e.g. Nath & Beauchamp, 2011; Nath, Fava, & Beauchamp, 

2011; Stevenson, Zemtsov & Wallace, 2012). With the first study, I was able to show that 

not only does McGurk perception vary across individuals, but it also varies across 

stimuli. These stimulus differences are likely a critical factor in the differences in 

McGurk perception estimates across the literature. While making conclusions about 

audiovisual speech integration based on McGurk perception, these stimulus differences 

need to be taken into account. This is especially important when dealing with clinical 

populations, where any audiovisual integration impairment may be incorrectly detected if 

the stimulus used is very weak.  

I was also able to show that even with a single stimulus, it is possible to 

accurately classify participants based on their level of McGurk perception. To this end, 

stimuli with a characteristic bimodal distribution were best.  

This study explicitly addressed stability in McGurk perception over short and 

long intervals. Individuals have similar percentage of McGurk perception after short and 

long intervals. This could be suggestive of a common neural mechanism for audiovisual 

integration operating across different stimuli over time, likely in the posterior superior 

temporal sulcus (pSTS) (Beauchamp et al., 2010; Nath & Beauchamp, 2011).  

The first study in this thesis showed that some people are highly susceptible, 

while others have low McGurk susceptibility, which is often used to reflect individuals’ 

level of audiovisual integration. I attempted to study whether audiovisual integration in 
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low susceptible individuals was amenable to training, and whether this change was also 

reflected in McGurk perception. If training can increase audiovisual integration, then it 

can be adapted to enhance audiovisual integration in clinical groups with related 

impairments. A training program targeting McGurk perception increase would have no 

practical application, as we do not encounter McGurk like stimuli in natural speech. 

However, aiming to increase congruent audiovisual integration if successfully 

accomplished can benefit a wide variety of clinical groups. For instance, previous studies 

included speech reading programs (Bernstein, Auer, & Tucker, 1998; Gesi, Massaro, & 

Cohen, 1992; Walden, Prosek, Montgomery, Scherr, & Jones, 1977) as well as training 

with non-speech stimuli (such as beeps and flashes where subjects judge the simultaneity 

between them, Powers III, Hillock, & Wallace, 2009) to increase audiovisual integration. 

I formulated audiovisual phonetic identification training with congruent audiovisual 

stimuli with auditory noise, lasting for 1.5 hours/ day for 3 days. This training resulted in 

increased recognition of noisy auditory syllable (training task) but not integration as 

measured by McGurk perception (transfer task). This may be due to there being no 

incongruent component in the training that is characteristic of the McGurk stimuli. It is 

possible that training with incongruent audiovisual stimuli may change McGurk 

perception (Nahorna, Berthommier, & Schwartz, 2012). When tested with unisensory 

noisy auditory syllables and unisensory visual syllables (unimodal components of the 

recognition training), the noisy auditory syllable recognition had increased, suggesting 

that audiovisual training can result in unisensory benefits (Shams, & Seitz, 2008). It is 

possible that in order to enhance audiovisual integration process, a more general 
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underlying mechanism, such as audiovisual synchrony judgments, needs to be accessed 

(Powers III, Hillock, & Wallace, 2009). 
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