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1. ABSTRACT 

Cognitive and neurocognitive models of face 
processing suggest that independent (modular) 
processing routes are engaged for different types of 
face processing tasks. This study used fMRI (1.5 T) 
to examine common and distinctive processing 
routes for the perception of speech and emotion 
from posed photographs. For speech categorization 
(‘Is that a vowel or a consonant?’), there was 
bilateral activation in frontal and inferior temporal 
(including fusiform) regions. The emotion task (‘Is 
the expression positive or negative?’) also showed 
activation in inferior temporal and frontal regions, 
but this was right lateralized. While an incidental 
task (‘Can you see her teeth?’), using the same 
pictures, activated identical regions for the emotion 
faces, this was not the case for speech, where 
activation was limited to fusiform regions. 
Emotionally expressive, but not speech face images, 
readily activate a right-lateralized temporo-frontal 
circuit, whatever the task demands. Speech 
categorization from still images recruits extensive 
frontal regions, bilaterally, confirming previous 
findings [1]. Unlike previous reports, superior 
temporal regions did not show significant levels of 
activation for speech faces, although right superior 
temporal sulcus (STS) was activated by the 
emotional faces. 

2. INTRODUCTION  

The processing of identity, emotion and speech from 
face images has been modeled cognitively [4] and 
neuroanatomically [5]. Such models suggest that, 
once some basic visual processing of the facial 
image has been accomplished, separate, dissociable 
processes are engaged for the different tasks.  

This study examined this proposal in terms of the 
brain regions activated for these different tasks,  
using still face images which could be readily 
categorized either as speech or emotion (see figure 
1) 

 

Figure 1.  4 sample images used in the experiment – left 
‘emotion’ (positive and negative); right ‘speech’ (consonant and 
vowel) 

That is, we tried, as far as possible, to make 
stimulus and task parameters equivalent across the 
two conditions. We hypothesized that the speech 
task should activate regions previously shown to be 
active in interpreting speech from stilled face 
images, including inferior temporal regions 
(including but not limited to the face fusiform 
regions), superior temporal regions and frontal 
regions, including inferior and dorsolateral 
prefrontal regions [1]. For emotion classification 
frontal activation was anticipated to be more 
medially located, including orbitofrontal regions 
activated by decisions about socially salient facial 
displays [6]. We also investigated the patterns of 
activation for the same stimulus series when the task 
was a simple feature detection task (‘can you see her 
teeth?). We wished to establish whether the 
observed patterns were constrained by task – or 
were accessible irrespective of instruction. 
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3. METHOD 

Participants were 16 (8 Female) neurologically 
healthy, right handed, monolingual speakers of British 
English. Mean age = 31.9 (range 20-56 years) 

Stimuli were produced by a native speaker of British 
English. Two series – a speech series and an emotion 
series - were generated. Teeth visibility was balanced 
across each condition. Each image appeared for 1.5 
seconds for discriminative button press response. 
Baseline stimuli were black dots which could appear 
displaced slightly left or right of centre on a blank grey 
field. Respondents indicated ‘right ‘ or  ‘left’ for each 
baseline trial. 

Design 30-s epochs for the experimental conditions 
alternated with 15-s epochs of baseline. This was a 
within-participants design. Incidental (‘teeth?’) preceded 
‘explicit’ (emotion or speech) tasks, so that knowledge of 
task should not inform the activation pattern. Order of 
face type (Speech first or Emotion first) varied 
pseudorandomly across participants.  

Image Parameters 1.5T GE system, 150 T2*-
weighted images. 38 axial slices per volume (3mm, with 
a 0.3mm interslice gap; TR = 3 s, TE = 40) 

Imaging Data Analysis: Individual analysis 
included motion correction. A least-squares fit between 
the observed time series and a mixture of two gamma 
variate functions (peak responses 4 & 8 s) convolved 
with the experimental design. Voxelwise SSQ ratios were 
calculated for each participant and transformed into 
standard space [7]. Statistical maps smoothed with a 
Gaussian filter (FWHM 7.2 mm), and median activation 
maps were computed.  Group Analysis identified 3D 
clusters corresponding to the experimental paradigm with 
< 1 false positives (for complete details see [2] and [3]).  

4. RESULTS 

All subjects performed with reasonable accuracy, but 
were significantly slower at the ‘speech’ than the 
‘expression’ or ‘teeth’ task.  

4.1 Speech vs. baseline 
 

 
 
Figure 2 rendered lateral images of left and right hemispheres 
showing some main regions of activation: six clusters were 
identified in four regions; (1) inferior temporal(R&L), (2) 
lateral prefrontal (R&L), (3) inferior parietal lobule (L) and (4 – 
hidden from view) anterior cingulated cortex. Activation up to 
10 mm beneath the cortical surface is displayed. 

 4.2 Emotion vs. baseline 

 
Figure 3 rendered lateral images of left and right hemispheres 
showing some main regions of activation:  four clusters were 
identified in two regions (1) lateral prefrontal (R>L), (2) 
inferior temporal cortex. Activation up to 10 mm beneath the 
cortical surface is displayed. 

4.3 Speech>Emotion and Emotion>Speech 

 Speech > emotion: L inferior temporal cortex, L 
inferior prefrontal cortex extending into dorsolateral 
prefrontal cortex, R inferior frontal cortex, L 
inferior parietal cortex, and caudal anterior cingulate 
gyrus. This pattern is consistent with previous 
findings for processing speech from still faces [1]. 

Emotion> speech: R posterior STS and rostral 
anterior cingulate cortex.   

4.4       Explicit > Incidental (‘teeth’) Speech:  
L&R inferior frontal, R insula, L inferior parietal 
lobule and caudal anterior cingulate cortex. When 
not explicitly attending to speech, activation was not 
observed in language processing regions. Emotion: 
no differences between explicit and incidental 
conditions indicating that the same brain regions 
were involved in processing emotion faces under 
both explicit and incidental tasks. 

5.   DISCUSSION 

Some, but not all, of the regions identified by earlier 
studies of the perception of speech in still images 
were active in the explicit speech classification 
condition. While left prefrontal regions, including 
Broca’s area, were active, superior temporal regions, 
invariably engaged by seen speech in speech 
identification tasks [1] did not reach significant 
levels. Regions activated by emotion classification 
did not, as hypothesized, include medial, 
orbitofrontal regions. Classifying facial speech acts 
may activate only a portion of the circuitry involved 
in online processing of speech. 

Classifying emotion and classifying speech 
nevertheless showed distinct and distinctly 
lateralized differences: in particular, emotion 
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classification activated primarily right-sided inferior 
temporal and lateral frontal regions. Right posterior 
STS was activated by emotion classification, which 
is consistent with the hypothesis that this region is 
involved in the perception of (inferred) biological 
movement. Right -dominant activation for emotion 
processing is inferred from lesion studies but rarely 
demonstrated in neuroimaging [10].  Speech 
activation was more bilateral and more extensive, 
especially in prefrontal regions. To this extent, the 
independent cognitive processing model is 
supported at a neural level. Suggesting that distinct 
yet overlapping systems are used for processing 
these two types of information from the face. 

The incidental processing of facial emotion 
(detecting the presence of teeth in a face showing 
different expressions) showed identical patterns of 
activation to those in the explicit task. This can be 
interpreted to mean that the processing of facial 
expression proceeds irrespective of explicit 
instruction, extending previous demonstrations of 
the neural correlates of incidental processing of 
emotions [8] to a feature-based explicit task. Right-
sided lateralization for processing facial expression 
–whether under implicit or explicit conditions - is 
not limited to amygdala-based circuitry and the 
processing of fear in faces [10]. Speech 
categorization, however, requires attention to the 
task.  

These data suggest that in hearing people deriving 
speech from the face must be explicitly attended to, 
and therefore perhaps explicitly taught. A future 
question is whether the same pattern is found in 
people born deaf.  We are currently embarking on 
this study. Speech may be automatically derived 
from the face in these individuals - even when they 
are not required to attend to it explicitly.  
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