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Glossary
Inverse effectiveness Principle of multisensory integration

(MSI) that states that the neural response to a

multisensory stimulus is inversely proportional to the

best response to a unisensory component stimulus

presented in isolation.

Max criterion Imaging criterion derived from the

single-cell literature that tests for a significant positive

difference in the parameter estimate (blood-oxygen-

level-dependent signal change) representing the

response to a multisensory stimulus and

the parameter estimate representing the

maximum response to a unisensory component

stimulus.

McGurk effect Perceptual illusion that arises when a

mismatched auditory syllable (e.g., ‘pa’) is ‘dubbed’ over a

video of a speaker articulating a different syllable (e.g., ‘ka’).

For most perceivers, the resultant stimulus is heard as an

entirely new syllable (e.g., ‘ta’).

MSI Interaction between information from different senses.

In neural terms, a statistically significant difference in the

number of spikes evoked by a multisensory stimulus and the

number evoked by the most effective of its unisensory

component stimuli.

Multisensory (stimulus) A stimulus composed of two or

more concurrent unisensory stimuli (e.g., a beep and a

flashing light presented simultaneously).

Perceptual fusion Occurs when two or more unisensory

signals are attributed to the same environmental source; they

are thus perceived as a single multisensory event.

Phonological mismatch Experimental manipulation in

which a visual-articulatory speech gesture is presented with a

mismatched auditory speech sound. The McGurk effect is an

example of this type of manipulation.

Superadditivity (neural response) A type of multisensory

response enhancement in which the response (number of

spikes) to a multisensory stimulus exceeds the additive

response to its unisensory components.

Superadditivity criterion Imaging criterion derived from

the single-cell literature that tests for a significant positive

difference in the parameter estimate (blood-oxygen-level-

dependent signal change) representing the response to a

multisensory stimulus and the additive combination of

parameter estimates representing the response to the

unisensory component stimuli.

Unisensory (stimulus) A stimulus composed of a signal

(or signals) in a single sensory modality (e.g., a beep or

flashing light presented in isolation).
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Introduction

The human nervous system is endowed with multiple special-

ized sensory organs, each of which is optimized to transmit a

particular type and range of information about the sensory

world. This organization is clearly useful in that each sense

serves as a nonredundant source of information, allowing

organisms a greater probability of detecting important sensory

events by evaluating the input from each of the senses sepa-

rately. However, information from different senses can be cor-

relative (Campbell, 2008), such that combining sources of

information across senses has a synergistic effect on the ability

to detect, process, and initiate responses to sensory events (Bell,

Meredith, Van Opstal, & Munoz, 2005; Calvert, Spence, & Stein,

2004; Diederich & Colonius, 2004; Hughes, Reuter-Lorenz,

Nozawa, & Fendrich, 1994; Stein & Stanford, 2008). Such an

interaction between information from different senses is known

asmultisensory integration (MSI). In human speech perception,

which will be the main focus of this article, there are clear effects

of MSI. Several lines of research demonstrate that auditory

speech perception is strongly influenced by concurrent observa-

tion of visual speech – the lip andmouth gestures of the speaker.

Visual speech can facilitate speech perception in noisy environ-

ments or when the speech signal is degraded by noise (Callan

et al., 2003; Dodd, 1977; Sumby & Pollack, 1954) and contrib-

utes to comprehension of clear speech spoken with an accent

(Arnold & Hill, 2001; Reisberg, McLean, & Goldfield, 1987).
Effects can be observed in the opposite direction as well –

auditory or tactile stimulation derived from the speech signal

improves lipreading ability (Bernstein, Eberhardt, & Demorest,

1989; Grant, Ardell, Kuhl, & Sparks, 1985; Risberg, 1974).

Moreover, presentation of mismatched auditory and visual

speech information (e.g., auditory ‘pa’ and visual ‘ka’) produces

a perceptual illusion known as the McGurk effect (participants

report hearing ‘ta’) (McGurk & MacDonald, 1976). Indeed,

speech is a paradigm case for investigating MSI in the human

brain. This article will focus primarily on issues related to brain

mapping – specifically, we will review the cortical brain regions

involved in MSI of speech, techniques used to identify them,

and lessons to be drawn from the existing literature. We direct

readers interested in the psychological/computational mecha-

nisms for integrating multimodal speech to the following:

Campbell (2008), Massaro (1987), Rosenblum (2005),

Summerfield (1992). Before exploring the methods used to

evaluate MSI in human brain mapping, considering audiovisual

speech in particular, we first turn to the animal literature and

single-unit investigations that are the basis for human neuroim-

aging studies seeking to assess MSI in neural terms.
Quantifying MSI in the Neural Response

At the single-neuron level, MSI is defined as a statistically

significant difference in the number of spikes evoked by a
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multisensory stimulus (e.g., an auditory beep paired with a

visual flash) and the number evoked by the most effective of

its unisensory component stimuli (the beep or the flash in

isolation) (Meredith & Stein, 1983). As such, MSI may result

in either response enhancement (which we focus on here,

following the bulk of human neuroimaging studies on MSI)

or response depression. Enhanced responses may be superad-

ditive, additive, or subadditive. A superadditive multisensory

response exceeds the response to the additive combination of

the unisensory components, whereas an additive response is

not significantly different from the additive combination of the

unisensory components, and a subadditive response is less

than the additive combination of the unisensory components.

Researchers have defined several principles of MSI that predict

the strength of the multisensory response. The spatial principle

of MSI states that the strength or prevalence of the multisen-

sory response is greater when each constituent unisensory

stimulus is presented at or near the same spatial location

(Alex Meredith & Stein, 1986; King & Palmer, 1985). The

temporal principle of MSI describes an analogous effect for

constituent stimuli presented at approximately the same time

(King & Palmer, 1985; Meredith, Nemitz, & Stein, 1987).

Finally, the principle of inverse effectiveness states that the

strength of the multisensory response is inversely proportional

to the best response to a unisensory component presented in

isolation (Meredith & Stein, 1983). These principles have been

subject to various criticisms and reinterpretations (Holmes,

2007, 2009; Perrault, Vaughan, Stein, & Wallace, 2005; Stein,

Stanford, Ramachandran, Perrault, & Rowland, 2009), yet they

remain influential to human neuroimaging research on MSI in

speech, as will be shown later in the text.

 

Translating Electrophysiological Principles to Neuroimaging:
Superadditivity

Early attempts at quantifying MSI in the blood-oxygen-level-

dependent (BOLD) response for both speech and nonspeech

stimuli imposed a criterion of superadditivity (Calvert, Camp-

bell, & Brammer, 2000; Calvert, Hansen, Iversen, & Brammer,

2001). Superadditivity in BOLD fMRI can be quantified at the

voxel level by testing for responses to a multisensory stimulus

that exceed the summed response to each of its unisensory

components presented in isolation (here, ‘response’ is typically

a parameter estimate from a linear model that quantifies the

average activity evoked by a stimulus over many presentations;

Figure 1(b), left). In the first fMRI study to observe a super-

additive response to speech stimuli, multiplexed auditory and

visual recordings of an actor reading a novel were presented to

subjects such that certain experimental epochs contained

auditory-only speech (A), visual-only speech (V), audiovisual

speech (AV), or no stimulation. A cluster of voxels in the left

posterior superior temporal sulcus (STS) was identified that

responded significantly to A and V and showed a superadditive

response to AV (AV>AþV). It was later argued that super-

additivity is the optimal criterion for MSI in BOLD imaging

because, whereas the BOLD response in each (gray matter)

voxel reflects the integrated activity of tens or hundreds of

thousands of neurons, additive or subadditive enhancements

could reflect independent contributions of neighboring uni-

sensory cells (Calvert et al., 2001). However, subsequent

attempts to apply superadditivity have produced practical and
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theoretical concerns. Additional fMRI studies involving multi-

sensory speech stimuli at the single-word level have identified

superadditive activations in bilateral superior temporal cortex

(STC, among other regions), but in these cases, significant

superadditive contrasts (AV>AþV) were due largely to deac-

tivation in one of the unisensory conditions (A or V; Figure

1(c)) (Joassin, Maurage, & Campanella, 2011; Joassin et al.,

2011; Love, Pollick, & Latinus, 2011; Wright, Pelphrey, Allison,

McKeown, &McCarthy, 2003). In addition to this problem, the

relationship between spike counts – the measure on which

neurophysiological criteria for MSI were initially defined –

and the BOLD response is tenuous (Logothetis, 2003; Logothe-

tis, Pauls, Augath, Trinath, & Oeltermann, 2001; Logothetis &

Pfeuffer, 2004). A recent model of the multisensory BOLD

response, informed by the distribution of cell and response

types in an animal model for MSI, suggests that it would be

very unlikely to observe a superadditive BOLD response linked

directly to spike counts in multisensory neurons (Laurienti,

Perrault, Stanford, Wallace, & Stein, 2005). Further, researchers

have argued that the superadditivity criterion may be too strict

for the identification of MSI in BOLD imaging, leading to

increases in type II error (false-negatives) (Beauchamp, 2005b).
Alternative Criteria for Identifying Sites of MSI

In lieu of superadditivity, several alternative (and somewhat

relaxed) criteria for identifying sites of MSI have been employed.

Among these are themax andmean criteria (Beauchamp, 2005b;

Love et al., 2011). Themax criterion states that sites ofMSI canbe

defined where the multisensory BOLD response exceeds the best

response to a unisensory component (AV>max[A,V]; Figure

1(b), right), while themean criterion states that themultisensory

BOLD response must exceed the mean response to the unisen-

sory components (AV>avg[A,V]). To our knowledge, the mean

criterion has not been applied in a study using speech stimuli,

but several studies – each using single-word stimuli – have

employed the max criterion, consistently finding activations in

the posterior STC bilaterally (Kreifelts, Ethofer, Grodd, Erb, &

Wildgruber, 2007; Love et al., 2011; Szycik, Tausche, & Münte,

2008; Wright et al., 2003). These results match well with the

previously reviewed studies based on the superadditivity crite-

rion, although some critiques of these relaxed criteria have been

raised (Hocking & Price, 2008). In particular, themax criterion is

likely to identify voxels that contain separate pools of unisensory

neurons (A and V) but no multisensory neurons (AV) (Calvert

et al., 2001; James & Stevenson, 2012). One group has suggested

a ‘difference-of-bold’ test derived frompresentingmultiple levels

(e.g., signal-to-noise ratios (SNRs)) of each unisensory (A and V)

and multisensory (AV) stimulus, calculating differences in acti-

vation within each sensory modality (DA, DV, and DAV), and
then testing for a ‘a difference of differences’ (DAV vs. DAþDV).
Wepoint the reader to the source for a detailed discussionof how

this method circumvents problems related to the traditional

superadditive and max criteria (James & Stevenson, 2012).

Along with criteria based on response enhancement, speech

researchers have employed designs built around the spatial and

temporal principles of MSI. Of note, in speech, we must con-

sider more broadly the notion of congruence, since in multi-

modal speech-perception experiments, the congruency of

A and V signals can be manipulated not only spatially and
ce, (2015), vol. 2, pp. 565-572 
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Figure 1 Four 10 min fMRI experiments were simulated at a single voxel/region in 20 participants in order to show patterns of multisensory response
enhancement in BOLD imaging. Blocks of auditory (A), visual (V), and audiovisual (AV) stimuli were presented in a block design (10 s on; 10 s off).
Simulations were performed in R using neuRosim (Welvaert, Durnez, Moerkerke, Verdoolaege, & Rosseel, 2011). (a) Simulated time series data
from one participant showing a superadditive multisensory response are plotted (bold blue line) with a full linear model fit to the data (bold red line).
Individual condition regressors are plotted just beneath the time series and model fit (red¼A; blue¼V; green¼AV). (b) Average response (linear model
beta values) over all 20 participants. These two experiments demonstrate canonical superadditive (left) and additive (right) response enhancement. (c)
Average response over all 20 participants. These two experiments demonstrate superadditivity due to deactivation in one of the unisensory conditions.
Note the max criterion is not satisfied.
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temporally but also at the phonological or semantic level (or

both). There have been several AV speech imaging studies that

focused exclusively on the effects of stimulus congruence

(Jones & Callan, 2003; Macaluso, George, Dolan, Spence, &

Driver, 2004; Ojanen et al., 2005; Olson, Gatenby, & Gore,

2002; Pekkola et al., 2006), but these studies were limited in

that unisensory control stimuli were not employed, blurring

the distinction between areas involved in multimodal proces-

sing and areas that are merely sensitive to congruence

(Laurienti et al., 2005) (see further discussion later in the

text). A solution to this problem is to combine criteria based

on response enhancement with those based on congruence

(Calvert et al., 2000) or inverse effectiveness.

 
 

Functional Localizers

To this end, several groups interested in MSI in speech have

adopted a two-stage approach in which candidate multisen-

sory areas are first defined using a functional localizer scan and

then assessed in follow-up scans for effects of congruence,
Brain Mapping: An Encyclopedic Refere

 

inverse effectiveness, etc. (Nath & Beauchamp, 2012;

Stevenson, Altieri, Kim, Pisoni, & James, 2010; Stevenson,

Vanderklok, Pisoni, & James, 2011; Szycik et al., 2008;

Stevenson & James, 2009). Such an approach is advantageous

for two reasons: First, as stated, the two-stage process allows for

the assessment of (at least) two separate criteria for MSI (e.g.,

max criterionþcongruency effect), and second, it allows for a

relaxed statistical threshold in assessing effects within

functionally defined regions of interest (ROIs) by mitigating

the multiple comparison problem encountered in high-

resolution imaging (Beauchamp, 2005b). Importantly, the

definition of MSI-related ROIs is sometimes performed on

native-space individual subject data due to high functional-

anatomic variability across individuals in multisensory STC

(Arnal, Morillon, Kell, & Giraud, 2009; Beauchamp, 2005a;

Stevensonet al., 2010,2011; Stevenson& James, 2009) (Figure2).

A recent study using the localizer approach is particularly

informative. This study (Stevenson & James, 2009) used a

block design localizer scan with single-word speech stimuli

presented in the A, V, and AV modalities. Multisensory speech
nce, (2015), vol. 2, pp. 565-572 
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Figure 2 (Top) Yellow blobs are 3 mm spheres representing the
centers of mass of multisensory speech regions of interest (ROIs). These
ROIs were defined in individual subjects using the conjunction of
activation to auditory (A) speech and visual (V) speech and warped to a
custom average-shape template in Montreal Neurological Institute (MNI)
coordinate space. Notice the large degree of functional–anatomical
variability, which could severely reduce the power of a traditional group
analysis. (Bottom) Results of a group ROI analysis based on activation
estimates calculated from individual subject data in native space. There
is sufficient power to identify response enhancement based on
the max criterion (audiovisual [AV]>max[A,V]). Unpublished data
from our lab.
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ROIs were defined in the bilateral STS of individual subjects

based on significant activation in the A and V conditions (con-

junction A\V). The response properties of these ROIs were

assessed in a follow-up event-related experiment that paramet-

rically manipulated the SNR of A, V, and AV words. Activations

to AV speech were superadditive at low SNRs but subadditive at

high SNRs, thus demonstrating inverse effectiveness (bearing in

mind caveats to superadditivity raised earlier). Other studies

have used the localizer approach to show effects of phonolog-

ical and temporal congruency in bilateral STC (Stevenson et al.,

2010; Szycik et al., 2008), once again highlighting the

importance of this region in multisensory speech perception.
Lessons from the Audiovisual Speech Literature

Thus far, we have reviewed various criteria and approaches for

defining the sites of MSI in speech, and we have seen that a

particular brain region, bilateral posterior STC, has consistently

been implicated under each approach. However, nonuniform

application of integration criteria across varied experimental

designs, each of which must select from the broad range of

tasks that can be implemented with different levels of speech
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stimuli (vowels, syllables, words, and sentences), has at times

produced conflicting results or muddied interpretation of the

existing data. Additionally, speech researchers have developed

some novel approaches to assessing MSI that depart from

traditional integration criteria, again leading to varied depic-

tions of the neural systems involved in audiovisual speech

perception. In particular, the left inferior frontal gyrus (IFG)

has emerged as a candidate site for audiovisual integration in

speech, and challenges have been posed regarding the particu-

lar role of STC in audiovisual speech perception. In the suc-

ceeding text, we present a subset of the audiovisual speech

literature that highlights novel approaches and outstanding

issues related to MSI.
Temporal Synchrony and Perceptual Fusion

In natural speech, the temporal dynamics of the interaction of

the auditory and visual streams are critical and support a

‘window of integration’ larger than that for nonspeech stimuli.

Investigators have demonstrated that perceived synchrony of

audiovisual speech is tolerated within 200–300 ms asynchrony

of onset between auditory speech and visual speech (Van

Wassenhove, Grant, & Poeppel, 2007), while simultaneously

presented tones and flashes are judged to be synchronous

within a 25–50 ms time window (Hirsh & Sherrick, 1961;

Zampini, Shore, & Spence, 2003). The existence of a dissocia-

tion between the physical synchrony of audiovisual speech and

its perceptual fusion has allowed researchers studying audiovi-

sual integration in humans to move beyond temporal syn-

chrony to isolate brain activity related to perceived synchrony

(fusion), relying on subjects’ behavioral responses to assess

fusion.

Miller and D’Esposito (2005) manipulated the temporal

synchrony between auditory and visual syllables to generate

stimuli that straddled individual subjects’ thresholds for per-

ceived synchrony, allowing them to separately examine the

BOLD response to stimulus synchrony and perceptual fusion.

They first identified a set of candidate regions for MSI based on

a literature review and then selected functional subregions

within these broad anatomical ROIs that showed significant

responses to an independent audiovisual speech localizer task.

They then examined the BOLD response within these ROIs for

effects of stimulus synchrony and perceptual fusion. Indeed,

segregated networks responded preferentially to temporally

synchronous versus perceptually fused trials. Interestingly,

although both the STC and IFG showed effects of perceptual

fusion, the STC activated more to fused trials while the IFG

activated more to unfused trials, suggesting dissociation of

function in MSI (Figure 3).

One concern regarding studies involving temporal asyn-

chrony manipulations is that assessing perceptual synchrony

relies on the subjects’ report. Increased activation to perceptu-

ally unfused stimuli will therefore be correlated with the

subject’s decision to report an unfused stimulus and may

reflect the result of decision-making operations rather than

perceptual integration itself, complicating the interpretation

of neuroimaging data. In particular, the left inferior frontal

regions, which show effects of perceptual fusion as detailed

in the preceding text, have separately been shown to be

involved in decision-making for speech stimuli (Binder,
ce, (2015), vol. 2, pp. 565-572 
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Liebenthal, Possing, Medler, & Ward, 2004; Venezia, Saberi,

Chubb, & Hickock, 2012). These concerns should be taken

into consideration when evaluating results based on behav-

ioral report.
Phonological Mismatch

The phonological mismatch approach involves presenting an

audiovisual stimulus in which the auditory and visual compo-

nents are derived from different speech sounds, allowing inves-

tigators to assess the contribution of information from each

modality. A recent study used this approach to investigate the

effect of concurrent visual information on the auditory proces-

sing of speech sounds (Arnal et al., 2009). Following the

finding that visual speech reduces the latency of auditory-

evoked cortical responses dependent on the predictiveness of

the visual stimulus (Van Wassenhove, Grant, & Poeppel,

2005), the researchers constructed a set of audiovisual syllables

that varied in terms of both visual predictability and

phonological congruence. Subjects were presented with these

syllables in separate magnetoencephalography (MEG) and

fMRI experiments. The MEG experiment replicated and

extended previous findings, showing that the latency facilita-

tion of early auditory-cortical responses depends on visual

predictability but not on phonological congruence. The fMRI

experiment provided novel insight into the function of poste-

rior STC, showing that activation in this region increases for

phonologically incongruent stimuli, but only when visual pre-

dictability is high. This response profile resembles an ‘error

signal,’ which is somewhat surprising given the purported

role of the STC in MSI – integration regions are expected to

show increased activity to congruent over incongruent stimuli.

However, the computation leading to an error-signal pattern

may be unique to a speech subregion of STC, as this effect has

been discovered in other neuroimaging studies of MSI in

speech (Bernstein, Lu, & Jiang, 2008; Stevenson et al., 2010,

2011). Overall, the results of this study suggest that visual

speech influences the processing of auditory speech in two

ways: feedforward facilitation contingent only on predictabil-

ity (and not congruence) and MSI contingent on congruence.

This suggests two pathways for audiovisual interaction in

speech: (i) a feedforward pathway from visual to auditory

cortex involved in predictive processing and (ii) an integration

pathway through STC involved in error detection and phono-

logical integration. Thus, phonological mismatch can be used

to produce a more fine-grained characterization of the compu-

tations related to MSI of audiovisual speech.

Another study (Hasson, Skipper, Nusbaum, & Small, 2007)

utilized a particular case of phonological mismatch – the

McGurk effect – to localize regions involved in the abstract

representation of speech sounds. As stated briefly in the preced-

ing text, a McGurk stimulus is created by recording a video of a

speaker producing a syllable (‘ka’) and dubbing over an audio

recording of the same speaker producing a different syllable

(‘pa’). The resulting AV stimulus produces an illusory percept

that does not match either unisensory signal (‘ta’). Thus, both a

real ‘ta’ (matched video and audio) and the McGurk stimulus

produce the same percept, even though there are different

underlying physical stimuli. This study implemented a repeti-

tion suppression design, wherein decreased activation is
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expected to repeated presentations of the same syllable. Regions

coding sensory properties of a stimulus would not be expected

to show repetition suppression when a veridical ‘ta’ is followed

by a McGurk ‘ta,’ because the sensory properties of the stimuli

are different; conversely, regions coding higher-level abstract

representations of speech would be expected to show a repeti-

tion suppression effect because the perceptual qualities of the

stimuli are the same. Two brain regions showed the perceptual

repetition effect: the left planum temporale and the left IFG;

these effects were most pronounced in subjects who reported

high rates of fusion to the McGurk stimulus (behavioral reports

were collected during a follow-up scan so overt decision-making

did not contaminate the data). Thus, the perceptual illusion

produced by the McGurk effect allowed the researchers to iden-

tify regions that may represent the integrated product of audio-

visual speech perception. The STC was noticeably absent from

this network, perhaps owing tomethodology (i.e., the repetition

suppression design; but see Benoit, Raij, Lin, Jääskeläinen, &

Stufflebeam, 2010) or an upstream position in the integration

pathway.
The Importance of Task

As in all neuroimaging studies, the activation patterns in MSI

experiments reflect an interaction between stimulus and task,

making considerations of both paramount. As discussed in the

preceding text, the left IFG has emerged as a candidate for MSI

across multiple studies relying at some level on behavioral

report. However, the use of such designs, with complex stimuli

and tasks, may have led to erroneous classification of the IFG as

such. To illustrate this, we will compare the results of two fMRI

studies on audiovisual speech integration: Skipper, Nusbaum,

and Small, (2005) and Matchin, Groulx, and Hickok, (2013),

which show dramatic differences in activation to visual-only

stimuli in the left IFG, thereby complicating the interpretation

of integration profiles in this region.

The former (Skipper et al., 2005) found almost no activity to

a visual-only speech stimulus. They presented subjects with

stories in three modalities – audiovisual, audio-only, and

visual-only – giving the subjects no task and explicitly instructing

them not to lip-read. The experimenters observed significant

activity in a perisylvian network including the left IFG for the

audiovisual and audio-only conditions, but almost no activity

for the visual-only condition, except for some small clusters in

the visual cortex (Figure 4, top). Contrasts between the condi-

tions revealed significant positive activation for AV>A and

AV>V in a large network of regions including the left IFG, thus

satisfying the max criterion reviewed in the preceding text.

Conversely, the latter (Matchin et al., 2013) observed

strong activity for a visual-only stimulus (Figure 4, bottom).

They presented subjects with isolated syllables from all three

modalities and observed not only significant activity for AV>A

in the left IFG but also significant activity for V>AV in the

same region, a profile inconsistent with any canonical MSI

criterion. Post hoc analyses revealed that activity in the left

IFG patterned with performance on the task – high activation

for difficult stimuli and low activation for easy stimuli – sup-

porting the notion that this region supports decision rather

than integration. These case studies serve to demonstrate the

huge influence task can have on activation patterns, which
ce, (2015), vol. 2, pp. 565-572 
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Figure 4 Results of two imaging experiments contrasting activation to
audiovisual (AV), audio-only (A), and visual-only (V) speech. Notice in
particular the drastic difference in activation to V, which stems from task
differences between the studies. Participants in Skipper et al. (2005)
were instructed not to lip-read, while participants in Matchin et al. (2014)
were instructed to identify visual syllables. Reproduced with permission
from Skipper, J. I., Nusbaum, H. C. & Small, S. L. (2005). Listening to
talking faces: Motor cortical activation during speech perception.
NeuroImage, 25, 76–89; Matchin et al. (2014).
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Conclusions

To summarize, the application of single-unit criteria for MSI to

human neuroimaging – considering audiovisual speech in par-

ticular – has been productive but with some drawbacks. The two

most common criteria – superadditivity (AV>AþV) and the

max criterion (AV>max(A,V)) – have been widely applied in

the audiovisual speech literature, consistently implicating the

bilateral STC as a site for MSI. In addition to response enhance-

ment criteria, there are alternative methods for identifying brain

regions involved in MSI – for example, manipulation of stimu-

lus congruence or SNR (inverse effectiveness). Many researchers

are now following a two-stage approach: (1) use a functional

localizer scan designed to identify voxels that show response

enhancement and (2) run a follow-up experiment to assess the

multisensory properties of ROIs identified in the localizer (e.g.,

manipulate congruence). Beyond these traditional approaches

to MSI, audiovisual speech researchers have devised novel imag-

ing paradigms based on manipulation of perceptual fusion and

phonological mismatch. These paradigms not only have pro-

vided additional insight into the fine-grained organization of

multisensory brain regions such as the STC but also have pro-

duced unexpected results including the identification of the IFG
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as a potential candidate for MSI. Indeed, while audiovisual

speech provides a basis to investigate MSI at multiple levels, a

researcher should take extra care in the design and interpretation

of audiovisual speech imaging studies that use complex or

unnatural stimuli and tasks.
See also: INTRODUCTION TO ANATOMY AND PHYSIOLOGY:
Auditory Cortex; Topographic Layout of Monkey Extrastriate Visual
Cortex; INTRODUCTION TO COGNITIVE NEUROSCIENCE:
Speech Perception; INTRODUCTION TO METHODS AND
MODELING: Contrasts and Inferences; INTRODUCTION TO
SOCIAL COGNITIVE NEUROSCIENCE: Biological Motion;
INTRODUCTION TO SYSTEMS: Face Perception; Speech Sounds;
Visuomotor Integration.
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