
Visual Recalibration of Auditory Speech versus Selective Speech 
Adaptation: Different Build-up Courses 

Sabine van Linden1, Jean Vroomen1,  Béatrice de Gelder1,2, and Paul Bertelson2,1 

1Department of Psychology, Tilburg University, The Netherlands 
2Laboratoire de Psychologie Expérimental, Université Libre de Bruxelles, Belgium 

j.Vroomen@uvt.nl 
 
 

Abstract 

Recent work from our group has demonstrated that 
visual speech can recalibrate auditory speech identification 
[1]. Repeated exposure to an ambiguous auditory token (one 
intermediate between /aba/ and /ada/), combined with the sight 
of a face articulating one of the end-point tokens (/aba/ or 
/ada/), increased during subsequent unimodal auditory 
identification tests the frequency of responses consistent with 
the preceding visual stimulus. In contrast, exposure to a 
combination of congruent unambiguous auditory and visual 
tokens (both /aba/ or both /ada/) reduced the tendency to judge 
the ambiguous auditory token in accordance with the exposed 
tokens, revealing selective speech adaptation. In the present 
experiment, it is shown that these two effects build up at 
different rates, thus bringing new evidence for the existence of 
different underlying processes. 

1. Introduction 

The question of how sensory modalities cooperate in 
forming a coherent representation of the environment is the 
focus of much current work at both the behavioral and the 
neuroscientific level. A substantial part of that work is carried 
out with conflict situations, in which incongruent information 
about potentially the same distal event is presented to different 
modalities [2]. Exposure to such conflicting inputs produces 
two main effects: immediate biases and after-effects. By 
immediate biases are meant effects of incongruent inputs in a 
distracting modality on the perception of corresponding inputs 
in a target modality. For example, in the so-called 
ventriloquist effect, the perceived location of target sounds is 
displaced toward light flashes delivered simultaneously at 
some distance, in spite of instructions to ignore the latter [3]. 
After-effects are shifts observed following exposure to an 
intersensory conflict, when data in one or in both modalities 
are later presented alone. For the ventriloquism situation, 
unimodal sound localization responses are, after a period of 
synchronized exposure to spatially discordant sound bursts 
and light flashes, shifted in the preceding direction of the 
distracting flashes [4]. The occurrence of after-effects has 
generally been taken as implying that exposure to 
incongruence between corresponding inputs in different 
modalities recalibrates processing in both modalities, or at 
least in one of them, in such a way as to reduce the perceived 
discordance. 

Although immediate bias and recalibration has 
consistently been demonstrated for spatial conflict situations, 
the existing evidence has long been less complete for conflicts 

regarding event identities. Here, biases were generally 
reported, but recalibration not until recently. The main 
example is the conflict resulting from the acoustic delivery of 
a particular speech token in synchrony with the optical 
presentation of a face articulating a visually incongruent token. 
This situation generally produces a strong immediate biase of 
auditory identification towards the lip-read distracter (e.g., 
auditory /ba/ combined with visual /ga/ is heard as /da/), 
generally known as McGurk effects [5], but it was argued that 
it produced no recalibration, revealing a basic difference 
between identity and spatial conflicts [6]. 

A recent study from our group has however 
succeeded in demonstrating clear after-effects consequent 
upon exposure to the McGurk situation [1]. The principle was 
to expose participants to McGurk pairs in which the auditory 
component was an ambiguous speech token, one intermediate 
between /aba/ and /ada/, while the visual component featured 
the unambiguous articulation of either /aba/ or /ada/. 
Following the habitual conflict adaptation paradigm, auditory 
identification tests were administered before and after 
exposure to the bimodal conflict situation, using the 
ambiguous token, and two less ambiguous ones, as test 
material. In each adaptation condition, exposure resulted in an 
increased frequency of responses consistent with the preceding 
visual stimulus.  

The reason to use an ambiguous auditory adapter 
was to avoid the occurrence of so-called “selective speech 
adaptation”, which consists in the fact that repeated auditory 
presentation of a particular speech token causes a reduction in 
the frequency with which that token is reported in subsequent 
identification trials [7, 8]. It is thus an adaptation phenomenon 
that, like recalibration, manifests itself by after-effects, but, 
unlike recalibration, does not depend on the occurrence of 
conflicting inputs, but is highly depending on the acoustic 
nature of the adapter stimulus. If bimodal exposure had been 
run with unambiguous end-point tokens, e.g., auditory /da/ 
paired with visual /ba, the same outcome, more /ba/ responses, 
could have been equally attributed to either selective speech 
adaptation from auditory /da/, or to recalibration of speech 
identification by the visual distracter /ba/. As discussed in [1], 
the earlier suggestion that exposure to McGurk stimuli 
produces no recalibration [6], was in fact based on findings 
obtained, like in our example, with unambiguous auditory 
adapters [9, 10]. 

That exposure to bimodal pairs with an 
unambiguous speech token as auditory component effectively 
produces selective speech adaptation was demonstrated in the 
same study [1] by exposing participants to congruent 
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unambiguous auditory plus visual pairs (auditory /aba/ 
combined with visual /aba/, or auditory /ada/ combined with 
visual /ada/). Because of the absence of incongruence, this 
situation was expected to create no recalibration, only 
selective speech adaptation, and that is what happened. 
Exposure to auditory plus visual /aba/ for instance resulted in 
a lesser proportion of /aba/ responses during the post-tests, the 
outcome opposite the one obtained when visual /aba/ was 
paired with the ambiguous auditory token. 

The dissociation between recalibration and selective 
speech adaptation was further explored in a subsequent study 
by examining the dissipation of the two phenomena through a 
succession of post-tests [11]. It appeared that recalibration 
dissipated faster than auditory adaptation.  

The present study was focused on the way the two 
adaptation phenomena build up. Participants were again 
exposed to auditory-visual pairs with either congruent non-
ambiguous or ambiguous auditory tokens. Cumulative after-
effects were measured after numbers of exposure trials that 
were varied from 1 to 64 

 

2. Method 

2.1. Stimuli  

The material was the one used before in [1] and 
[11]. A 9-point /aba/-/ada/ speech continuum was created and 
dubbed onto the video of a face articulating /aba/ or /ada/. 
Stimulus preparation started with a digital audio (Philips 
DAT-recorder) and video (Sony PCR-PC2E MiniDV) 
recording of a male speaker producing multiple repetitions of 
/aba/ and /ada/ utterances. Clearly spoken /aba/ and /ada/ 
tokens were selected and served as reference for the creation 
of the continuum. The stimuli were synthesized with the Praat 
program [12]. The glottal excitation source used in the 
synthesis was estimated from a natural /aba/ by employing the 
inverse filtering algorithm implemented in Praat. The stimuli 
were 640 ms in duration with a stop consonant closure of 240 
ms. A place-of-articulation continuum was created by varying 
the frequency of the second (F2) formant in equal steps of 39 
Mel. The onset (before the closure) and offset (after the 
closure) frequency of the F2 was 1250 Hz. The target 
frequency was 1100 Hz for /aba/ and 1678 Hz for /ada/ (see 
Figure 1). 

The F1 transition changed from 750 Hz to 350 Hz 
before the closure for both stimuli. After the closure a mirror 
image of the transition was used. The duration of the transition 
was 40 ms both before and after the closure of the consonant. 
The third (F3), fourth (F4), and fifth (F5) had fixed 
frequencies of 2500 Hz, 3200 Hz, and 4200 Hz, respectively. 
The amplitude and the fundamental frequency contour 
followed those of the original /aba/ token. The video recording 
showed a male speaker facing the camera with the video frame 
extending from the neck to the forehead. Two video fragments 
were selected, different from the ones of the auditory tokens, 
one in which the speaker articulated /aba/, the other /ada/. The 
videos were digitized at 352x288 pixels at 30 frames per s. 
Each fragment lasted 2.5 sec and had a fade-in and fade-out of 

330 ms (10 video frames). The original audio-track was 
replaced by one of the synthetic tokens such that the release of 
the consonant was synchronized with the original recording to 
the nearest video frame. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Spectrogram of the /aba/ and /ada/ end-points. 
 
 

2.2. Procedure 

Twenty-five students from Tilburg University 
participated in one experimental session. They were tested 
individually in a sound-proof booth. The videos were 
presented on a 17-inch monitor connected to a PC. The video 
filled about one third of the screen (10 x 9.5 cm), and was 
surrounded by a black background. The sound was presented 
through a Fostex 6301B speaker placed just below the 
monitor. The loudness was 73 dBa when measured at ear 
level. Participants were seated in front of the screen at a 
distance of 60 cm.  

The session involved three phases: calibration phase, 
followed by a pretest, followed by an audio-visual exposure 
phase.  

The function of the calibration-phase was to 
determine, for each participant individually, the stimulus that 
was nearest to his/her /aba/-/ada/ phoneme boundary. The test 
consisted of 98 auditory-only trials in which each of the nine 
stimuli was presented in random order at 1.5 s ITI. Tokens 
from the middle of the continuum were presented more often 
than tokens at the extreme (6, 8, 14, 14, 14, 14, 14, 8 and 6 
presentations for each of the nine stimuli, respectively). 
Participants responded by pressing a ‘b’ or a ‘d’ on a keyboard 
upon hearing /aba/ or /ada/, respectively. The item nearest to 
the 50% cross-over point was estimated via probit analysis. 
This item (henceforth A?) served as the most ambiguous 
stimulus in subsequent testing.  

The pretest consisted of the presentation of 60 
auditory-only test trials (2.5 s. ITI), divided into 20 triplets. 
Each triplet contained the three auditory test stimuli nearest to 
the individually determined phoneme boundary (A?-1; A?; 



A?+1). Trials within a triplet were presented in 
counterbalanced orders. Each presentation called for the same 
forced-choice /aba/ vs. /ada/ responses as during calibration. 

In the audio-visual exposure phase, the participant 
was presented eight testing blocks, two for each of the four 
bimodal stimulus pairs. These involved two pairs with the 
ambiguous auditory component A?: A?Vb (for auditory /a?a/ 
/visual /aba/) and A?Vd (auditory /a?a/, visual /ada/) and two 
congruent pairs with unambiguous auditory components: 
AbVb and AdVd. One block involved 64 successive 
presentations of the same bimodal pair, interrupted at seven 
particular points by two triplets of post-tests identical to the 
triplets in the pre-tests. Post-tests were run after 1, 2, 4, 8, 16, 
32 and 64 bimodal exposures. To ensure attention to the face 
during bimodal exposures, five catch trials were introduced at 
random positions. They consisted of a small (12 pixels) white 
spot appearing for 3 videoframes between the nose and the 
upper lip of the talker. The participants were asked to press a 
special key whenever they detected one of them. Presentations 
of the different types of blocks were counterbalanced across 
participants. 

3. Results 

Calibration. The percentage of /aba/ responses in the 
auditory identification task was calculated for each of the nine 
auditory stimuli of the continuum (Figure 2). The data showed 
the typical s-shaped identification curve. Each of the 
participants heard the first three tokens of the continuum as 
/aba/, and the last three tokens as /ada/. The individually 
determined most ambiguous auditory stimulus (A?) ranged 
between stimulus 4 and 6. 

 Figure 2: Auditory calibration. Mean proportion of /aba/ 
judgments for each item of the continuum.  

 
Audio-visual exposure. Participants detected 92% of 

the catch trials, indicating that they were indeed attending to 
the video during exposure. After-effects were calculated by 
subtracting the proportion of /aba/ responses in the pretest 
from the post-tests, such that a positive sign referred to an 
increase in responses consistent with the visual adapter seen 
during the exposure phase. Mean after-effects as functions of 
cumulative number of exposure trials are shown in Figure 3. 
  Exposure to audio-visual adapters with an 
ambiguous auditory component (A?Vb and A?Vd) increased 
the proportion of responses consistent with the visual stimulus 
(= recalibration). This increase, however, reached a maximum 
around 8 presentations, and the after-effect actually decreased 

between 32 and 64 presentations. Following exposure to 
congruent non-ambiguous pairs (AbVb and AdVd), the same 
proportion gradually decreased, following a monotonous 
course. One surprising observation was that this gradient 
started, at the first exposure point, with a small after-effect in 
the recalibration direction. We shall come back to that point in 
the discussion.  

 
 
 

 
Figure 3: After-effects as a function of the cumulative 

number of adapter presentations. Following 
exposure to ambiguous sounds (A?Vb and A?Vd), 
the number of responses consistent with the video 
increased (= recalibration). Following exposure to 
non-ambiguous sounds (AbVb and AdVd), the 
number of responses consistent with the video 
decreased (= selective speech adaptation). 
Recalibration reached its maximum between 8 and 
32 adapter presentations, whereas selective speech 
adaptation continued to build up until 64 exposures.  

 

A 2 (ambiguous vs. non-ambiguous sound) x 7 
(number of adapters) GLM was run with the sign for the 
auditory non-ambiguous adapters reversed. As expected, 
after-effects became bigger when more adapters were 
presented, F (1, 24) = 46,00 p < .001. Importantly, there 
was an interaction between Sound Ambiguity and Number 
of Adapters, F (1, 24) = 11.51, p = .002, indicating that the 
build up rates for ambiguous (recalibration) and non-
ambiguous (selective speech adaptation) sounds were 
different. To further analyze this difference, two separate 
GLMs, one for ambiguous and one for non-ambiguous 
sounds, were run. For non-ambiguous sounds, only the 
linear trend was significant, but no higher-order ones, F (1, 
24) = 46,38, p = < .001, indicating that the amount of 
selective speech adaptation increased linearly with 
exposure presentations. For ambiguous sounds, though, the 
cubic trend was significant, F (1,24) = 11.95, p = .002. As 
is clear from Figure 3, the latter indicated that recalibration 
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reached its maximum between 8 and 32 adapter 
presentations, but then felt of again at 64 exposures. 

4. Discussion 

Exposure to a particular visual speech token combined 
with the corresponding non-ambiguous auditory token 
resulted in a reduced tendency to produce that token, i.e. the 
typical selective speech adaptation effect. The same visual 
token combined instead with an ambiguous auditory token 
resulted in the opposite shift, a more frequent production of 
that token, indicative of crossmodal recalibration. These 
results replicate the dissociation between selective speech 
adaptation and recalibration first demonstrated in [1].  

The new finding of the present study is that the two after-
effects also build up following different courses. Selective 
speech adaptation increased monotonously with number of 
exposure trials, and its course could be fully accounted for by 
a linear component. Recalibration, on the other hand, reached 
a maximum around eight exposure trials, and there is 
evidence of some reduction from 32 to 64 trials. The main 
difference with the case of selective adaptation is of course 
the existence of significant non-linearity. 

As was noted in the results section, exposure to small 
numbers of congruent non-ambiguous pairs produces small 
after-effects in a direction opposite that of auditory 
adaptation, i. e. a higher proportion of responses consistent 
with the adapters. As can be judged from the standard errors 
(brackets on Figure 3) the effect is already significant after a 
single exposure. A possible explanation for that surprising 
finding would be a priming effect that affects identification 
until selective adaptation created by further exposures 
becomes sufficient to mask it. Checking on that possibility, 
and the reason why recalibration becomes less after prolonged 
exposure will be a matter for future investigations. 

5. Conclusions 

Earlier work [1, 11] has shown that exposure to bimodal 
speech, in which a face articulating a particular speech token 
(/aba/ or /ada) was presented in synchrony with either an 
incongruent ambiguous auditory token or the corresponding 
unambiguous one, produced after-effects in opposite 
directions, revealing visual recalibration of auditory speech 
and selective adaptation. The present study showed that these 
two types of after-effects also build up following different 
courses. This is additional evidence for the existence of 
separate processes. 
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