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ABSTRACT

Context effects occur when the phonetic perception
of an acoustic signal is modified by the surrounding
phonetic context.  Two experiments were conducted
investigating visual context effects on the perception
of acoustic speech tokens.  In the first experiment a
visual bilabial articulation [ibi] was paired with
synthetic acoustic tokens from /iri/ to /ili/ continua.
In the second experiment a visual [aba] was paired
with tokens from synthetic /ara/ to /ala/ continua.
Listeners were asked if they perceived the
disyllables as containing an [r] or [l].  We found that
auditory-visual identification functions were
associated with a shift toward more [l] responses
compared to auditory only identification functions.
These data are important for developing and testing
models of auditory-visual context effects in speech
perception.

1. INTRODUCTION

Speech is a complex signal that is influenced by
surrounding phonetic contexts.  Both preceding and
following contexts can influence the acoustic
realization and the perception of a particular
phoneme.  For example, Repp and Mann [1] found
that when an /s/ preceded tokens from a /ta/ to /ka/
continuum, listeners gave more [ka] responses than
when the same tokens were preceded by /∫/.
Findings such as these are known as context effects
[2].  Green and Norrix [3] also demonstrated a
context effect of visual information on perception of
an acoustic continuum.  They asked observers to
listen to and identify tokens from an /iri/ to /ili/
continuum as containing an /r/ or /l/.  These acoustic
tokens were also presented to the same listeners,
paired with a face articulating /ibi/, and were
perceived as ranging from /ibri/ to /ibli/.  A greater
percent of [l[ responses was obtained in the
auditory-visual condition compared to the auditory
only condition. Their study demonstrated that direct
auditory interactions between the bilabial and the
information for the /r/ - /l/ tokens are not necessary
for context effects to occur. The present

investigation was designed to replicate and extend
the original Green and Norrix findings.  More
specifically we investigated whether we would get a
shift if we varied the acoustic characteristics of F2.
Secondly, we investigated whether similar context
effects would occur in the /a/ vowel environment.
These data are important for understanding the
nature of the mechanisms underlying context effects
and the nature of auditory and visual speech
integration.

2. EXPERIMENT 1

One explanation for the Green and Norrix [3]
findings of more [l] responses in the auditory-visual
compared to the auditory-only condition is that the
optic signal specifies the presence of rapid formant
transitions because of the rapid opening of the
mouth after bilabial lip closure.  Research has
shown that when /l/ is preceded by an acoustic /b/ it
is associated with a more rapid F2 transition
compared to when no /b/ precedes it [3].  The optic
signal might also specify a longer vocal tract
because of the liprounding associated with the
production of a bilabial consonant.  Liprounding is
associated with a lowering of formant frequencies
[4].  In this first study we attempted to replicate
Green and Norrix.  We also examined whether a
shift in the AV identification function relative to the
AO identification function would occur if the
second formant had an acoustically lower onset
frequency and steeper slope (was perceived as more
/l/-like) than the stimuli used in the original Green
and Norrix study.

2.1.  Stimuli and Methods

Three different continua were created by varying the
onset frequency of the second formant.  Within each
continuum the change from /r/ to /l/ was produced
by varying the onset of F3 from 1300 Hz to 3100
Hz, respectively. Figure 1 is a schematic
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Figure 1: A schematic representation of the /iri/ to /ili/ tokens (first three formants) that were used in Experiment 1.  Three continua
were created.  Each continuum had a different F2 starting frequency (900, 1000, and 1200 Hz) and different F2 transition rate.

representation of the synthetic stimuli.  Notice that
the continua differ not only by F2 onset frequency
but also by F2 slope.  The stimuli in the continuum
with F2 onset frequency of 1200 Hz are the same as
those used in Green and Norrix [3].

These stimuli were paired with the face of a talker
saying [ibi] and were perceived as ranging from
/ibri/ to /ibli/.  Ten native English-speaking adults
participated in three different conditions:

• Auditory-only (AO): participants listened to
the soundtrack of the video.

• Auditory-visual (AV): participants watched
and listened to the video and soundtrack.

• Visual-only (VO): participants watched the
video without the soundtrack.

In all conditions, participants were asked to identify
whether they perceived the talker saying a bisyllable
containing [r] or [l].  Each token in the AO and AV
condition was presented ten times while in the VO
condition the face articulating /ibi/ was presented 20
times.

2.2.  Results and Discussion

The mean identification functions for the AO and
AV conditions are presented in Figure 2. As
expected, in the AO condition listeners perceived
more /l/s when the onset frequency of F2 was
lowered. This is likely a result of a steeper slope
associated with lowering F2 (see Figure 1).  More

interesting is the fact that when paired with the
visual /ibi/, each of the corresponding AO
identification functions was shifted toward more /l/
responses.  The percent or /r/ responses and the

 

Figure 2: Group identification functions for the auditory only
(AO) and auditory-visual (AV) conditions for three different
continua.  The continua differed by F2 onset frequency (900Hz,
1000 Hz, 1200 Hz).
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category boundaries are presented in Table 1.
Boundaries were calculated by fitting a linear
regression line of each participant’s boundary
region, taking as the category boundary the F3 onset
frequency that corresponded to 50% [r] responses.
Boundary regions were defined as that part of the
identification function ranging between the last F3
onset frequency at which the percent [r] responses
were 80% or greater, and the first F3 onset
frequency that percent [r] responses were 20% or
less.

F2 onset of
900 Hz

F2 onset of
1000 Hz

F2 onset of
1200 Hz

AO AV AO AV AO AV

Boundary
 (Hz)

2113 1968 2150 2061 2254 2181

% [r]
responses

45.6 39.4 48.5 43.2 52.0 49.0

Table 1: Boundaries and percent [r] responses for each
continuum in the auditory only (AO) and auditory-visual (AV)
conditions.

The boundary only describes a small portion of the
identification function.  Therefore, an analysis of
variance with modality (AO and AV) and F2
(900Hz, 1000 Hz, and 1200 Hz) as within subject
variables was performed on the percent of [r]
responses for the entire identification function.  This
analysis revealed a significant main effect of F2 [F
(2, 18) = 24.8, p < .001] and modality [F (1, 9) =
23.6, p < .001].  Contrast analyses for the main
effect of F2 revealed that the identification functions
associated with the lowest F2 (900Hz) had
significantly fewer [r] responses than the other two
functions (p < .01).  In addition, the identification
function associated with an F2 of 1000 Hz had
fewer [r] responses than the function associated with
an F2 of 1200 Hz (p < .01).  The main effect of
modality indicates that the presence of the visual
/ibi/ significantly shifted each of the corresponding
AO identification functions towards more [l]
responses.  The participants in this study showed a
slight visual bias in the VO condition (42% and 58%
[r] and [l] responses, respectively).  Difference
scores (AO % [r] responses minus AV % [r]
responses and number of [r] minus number of [l]
responses in the VO condition) for each continuum
were calculated for each participant.  Pearson
Correlation coefficients between the difference
scores were small and not significant (900 Hz,
r=0.22; 1000 Hz, r=0.04; 1200 Hz, r= 0.17)
indicating that the shift in the identification

functions between the AO and AV conditions could
not be accounted for by considering the VO
responses.  The results of this study show that when
a visual /ibi/ articulation is integrated with an
acoustic /iri/ or /ili/ to form a stop cluster, the visual
bilabial can produce context effects on auditory
perception.  It has been suggested that previous AV
context results [5, 6] arise because visual cues for
the context precede and prime the auditory
information for the consonant [7].  Similarly, in a
McGurk type of paradigm it has also been suggested
that an auditory /pa/ might activate /ta/ and /ka/
neurons because of priming from a visual /ka/ [8].
The lack of a significant correlation between the
difference scores (number of [l] and [r] responses in
the VO condition and degree of shift between the
AO and AV conditions) suggests that the optic
signal /ibi/ does not serve a priming function for /r/
or /l/ in this particular experiment.  If it did we
would have expected a greater correlation between
these two measures.  The data also indicate that the
F2 onset frequency and slope characteristics used in
this study are important for identifying /r/ and /l/.  In
the auditory only condition, a greater percent of [l]
responses was obtained when F2 was low in
frequency and had a steeper slope.  When paired
with the visual /ibi/ a shift in the identification
functions was obtained for all three continua each
having a different F2 characteristic.

3. EXPERIMENT 2

In this second experiment we investigated whether a
visual context effect would occur in the /a/ vowel
environment and we simultaneously investigated
how the optic stimulus would influence perception
of three acoustic continua having different F1
transition rates.

3.1. Stimuli and Procedures

Figure 3 schematizes the acoustic parameters of the
/ara/ to /ala/ continua.  The visual stimulus was the
face of a speaker saying /aba/.   The methods were
similar to those used in Experiment 1.  Twelve
native English-speaking adults participated in AO,
AV, and VO conditions.  They reported whether
they heard an [r] or [l] in each disyllable.



Figure 3: A schematic representation of the /ara/ to /ala/ tokens (first three formants) that were used in experiment 2.  Three
continua were created.  Each continuum had a different F1 transitions rate.

3.2.  Results

The identification functions for the AO and AV
conditions for each continuum are presented in
Figure 4 while the percent or [r] responses and the
category boundaries are presented in Table 2.  As
expected, in the AO condition increasing the F1
transition rate resulted in a shift in perception
toward more [l] responses.  When paired with the
visual /aba/ each of the identification functions was
shifted toward more [l] responses.

Figure 4: Group identification functions for the auditory only
(AO and auditory-visual (AV) conditions for three different
continua.  The continua differed by F1 transition rate.

F1 Transition Rate

3.3 Hz/ms 7.8 Hz/ms 10.9 Hz/ms

AO AV AO AV AO AV

Boundary

(Hz)

2495 2386 2401 2310 2238 2183

% [r]

responses

63.6 58.8 58.7 54.2 50.3 41.6

Table 2: Boundaries ad percent [r] responses for each
continuum in the auditory only (AO) and auditory-visual (AV)
conditions.

An analysis of variance with modality (AO and AV)
and F1 transition rate (3.3, 7.8, 10.9 Hz/ms) as
within subject variables was performed on the
percent [r] responses.  This analysis revealed a
significant main effect of F1 transition rate, F (2, 22)
= 30.06, p < .001.   Contrast analyses revealed that
the percent [r] responses were significantly different
when any two continua were compared with fewer
[r] responses obtained with continua having faster
F1 transition rates.  The main effect of modality was
also significant indicating that the percent [r]
responses was greater for the AO compared to the
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AV conditions, F (1, 11) = 12.8, p = .004.  The
participants in this study showed no visual bias in
the VO condition (49% and 51% [r] and [l]
responses, respectively).

3.3. Discussion

The results of this study indicate that the AV context
effects originally described by Green and Norrix [3]
also occur in the /a/ vowel context.  As in
experiment 1 when we examined different F2
characteristics, in this experiment a shift between
the AO and its corresponding AV identification
function was observed regardless of F1 transition
rate.  As in Experiment 1, the lack of a visual bias
suggests that our visual articulation did not serve a
priming function in this experiment.

4.  GENERAL DISCUSSION

In Experiment 1 we showed that a lower frequency
F2 (and steeper slope) was associated with a greater
percent of [l] responses compared to a higher F2
with a shallower slope.  In Experiment 2 we showed
that a faster F1 transition was associated with a
greater percent of [l] responses compared to a
slower transition.  A bilabial articulation paired with
the acoustic /r/ and /l/ tokens from each continuum
was also associated with a shift toward more [l]
responses compared to each of the corresponding
auditory only continua.  Two questions need to be
addressed based on the current investigations.

1. What are the critical acoustic and optic
features for obtaining context effects?

2. How and when during processing are
the auditory and visual signals
integrated?

In regards to the critical features we know from
previous studies that F3 is a sufficient cue for the
differentiation of the /r/ and /l/ liquids [9, 10].  It is
clear from the current studies as well as from others
[11] that F1 and F2 are also important in
distinguishing /r/ from /l/.  What is less clear is how
the temporal and frequency characteristics of these
formants dynamically interact to influence
perception.  The visual cues obtained from a bilabial
context influenced the perception of /r/ and /l/.  In
all cases the AV continuum was perceived as more
/l/-like compared to its corresponding auditory
continuum.  This direction of change is similar to
what happens in the auditory only tokens when F1
or F2 change more rapidly.  Further research is
needed to determine exactly what information is
obtained from the visual context and how these cues
dynamically interact with those from the auditory
modality.

The shift in the AV identification functions
compared to the AO functions occurred even though
participants were not able to obtain direct
information about an /r/ or /l/ from the optic signal
(the VO responses were not significantly correlated
with the shifts in the identification functions).  There
are at least four ways that the context effect,
provided from the optic signal, could have caused a
shift in the perception of the /r/ to /l/ continua.

1. The optic signal altered the criterion
used to distinguish  /r/ from /l/.

2. The optic signal changed the perceptual
or cue space associated with the /r/ to
/l/ tokens.

3. The optic signal provided an alternate
and independent source of information
that was integrated with the acoustic
information during the prototype
matching stage [12].

4. The optic signal provided a non-
independent source of information and
influenced the value of the acoustic cue
[12].

The use of measures such as d’ and beta from signal
detection theory will help to determine if a change
in sensitivity or response bias was responsible for
the shifts in the identification functions.  In addition,
because of the number of and potential relationships
between the numerous acoustic and optic cues that
influence the perception of /r/ and /l/, mathematical
modeling in needed.  For example, assuming that the
optic and acoustic information is providing
independent sources of information, mathematical
modeling can be used to determine if the sources are
multiplicatively or additively integrated.  A
preliminary analysis using the data from Experiment
2 indicate that Massaro’s [13] Fuzzy Logic Model of
Perception (FLMP), which assumes a multiplicative
integration rule, does a better job of predicting the
AV identification results than a model in which the
sources of information (F1, F3 and visual) are added
(see Table 3).  Root mean square deviations

Model FLMP Additive

Average of Subjects .080 .127

Average Subject .036 .075

Table 3.  Root Mean Square Deviations (RMSDs) between the
observed and predicted auditory/visual values using the Fuzzy
Logic Model of Perception (FLMP) and an additive model of
perception for data obtained in Experiment 2.

(RMSDs) between the observed and predicted
scores were calculated to determine how accurately



the models predict the observed data.  A smaller
RMSD indicates a better fit of the data compared to
a larger RMSD.  .A better fit for the multiplicative
model compared to the additive model suggests that
the sources of information are integrated
multiplicatively.  Thus the least ambiguous source
has the greatest impact on perception.  In contrast,
an additive model would be consistent with findings
that a cue carries the same weight regardless of the
value of other cues [14].  Multiplicative integration
is consistent with the identification functions
showing less shift for the endpoint tokens, where the
acoustic stimuli are perceived with nearly 100%
accuracy, than for the tokens in the middle of the
continuum where they are perceived less
consistently.

Further exploration is needed to determine how
other models can contribute to the knowledge of
auditory visual context effects.   For example, the
Pre-labeling Integration Model [15] assumes that
both acoustic and optic cues (e.g. visual rate of lip
opening, length of oral cavity, onset frequency of a
consonant, duration of an acoustic cue) combine to
produce a multidimensional vector or cue space that
characterizes the speech sound.  How would this
model account for phonetic context effects?  Is it
possible that in natural speech, information derived
from the visual bilabial context is vectored out of
the cue space leaving perception of /r/ or /l/
consistent across various contexts [16].  Unlike real
speech where the acoustic realization of /r/ and /l/
changes with preceding context [3], in the current
experiments the acoustic continua for /r/ and /l/ were
unchanged in an AO compared to its corresponding
AV condition.  Vectoring out information from the
visual bilabial would therefore cause a shift between
the two continua.  Determining the exact
mechanisms by which AV context effects occur
awaits further exploration.
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