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Abstract 
Aim - To determine whether single-word speechreading is 
sensitive to prior phrase context. Background - We used a 
well-established Event Related Potential (ERP) paradigm to 
elicit the N400, a negative wave around 400 ms. The N400 
reflects activation by lexical semantic features and is 
modulated by contextual integration. Methods - Seventeen 
adult native English speakers participated. They were shown 
written three-word contexts followed by a final word (cloze) 
presented as a silent video clip. Context and cloze formed 
typical phrases (60 trials, e.g. “No smoke without fire”) and 
anomalous phrases (120 trials, e.g. “Two of a trade”). 
Subjects were instructed to identify the cloze at the end of 
each trial. Typicality (typical/anomalous) and accuracy were 
used to classify trials. ERPs were computed off-line by 
averaging epochs aligned to the onset of articulatory 
movements. Results and discussion - For all four conditions, 
reliable evoked activity emerged only after 500 ms post-
onset. Topographical analysis revealed a symmetrical 
sustained negative field at the frontal sites and positive field 
at the posterior sites. Statistical comparisons showed that only 
the waveform for the typical-correct condition differed from 
the other three. The difference, however, was not compatible 
with an N400. This finding suggests that the speechreading 
process integrates lexical semantic features differently from 
spoken and written language perception. We speculate on 
those cognitive mechanisms which may be responsible for the 
observed effects. 
Index Terms: speechreading, ERP, linguistic context 

1. Aim 
This experiment sought to determine whether the process of 
single-word speechreading, as indexed by ERP responses, is 
sensitive to prior phrase context. If visual speech is processed 
in a similar way to written and spoken (auditory) language, 
then the characteristic ERP signature for out-of-context words 
should be present also in the visual speech modality. 
Topographical analysis and statistical comparison of the ERP 
waveforms were the main measures used to test the 
hypothesis. 

2. Background 
Any linguistic material, whether it be visual, auditory or 
written language, contains multiple levels of information that 
each contribute to its successful decoding. Models of speech 
comprehension refer to these levels of linguistic information 
and to the interactions between them, as well as to the 
direction and the type of information which is passed from 
one level to the other [1-4]. Models of visual speech 
comprehension are less comprehensive, focusing on specific 
issues. For example, while some have concentrated their 
efforts in describing mechanisms of audio-visual fusion in 

speech perception [5,6], others have proposed a working 
memory model for poorly specified language input to account 
for extraordinary speechreading ability [7]. Perhaps the most 
general account is the Fuzzy Logical Model of Perception by 
Massaro, although this too is optimized to explain how 
multiple ambiguous sources of information are evaluated and 
integrated from a logical-statistical point of view, rather than 
providing a general psychological account of the phenomenon 
[8]. The limited scope of theoretical models of speechreading 
is accompanied, and perhaps even partly explained, by the 
lack of strong empirical understanding about the neural 
mechanisms underlying speechreading ability. However, 
since speechreading is a linguistic ability, a good working 
hypothesis could be that visual speech comprehension 
engages similar neural processes to that of spoken language 
comprehension. 

The approach taken here is to explore the integration of 
lexical information with contextual information in visual 
speech. By contextual information we mean any source of 
information which facilitates the recognition of a silently 
spoken word by narrowing the number of possible lexical 
candidates. Such an integration process has not yet been 
demonstrated for visual speech and yet it is a process which 
may be a key to effective speechreading; for example it has 
been proposed that skilled speechreaders use context to help 
to reduce the uncertainty of visual speech [9]. As a 
consequence, the ability to integrate contextual information 
with a visually presented word could contribute to individual 
differences in speechreading performance. 

The influence exerted by context on lexical processing 
has been widely studied by psycholinguists and it is known to 
be accurately indexed by an electrophysiological measure of 
neural activity, the N400. The N400 is a negative deflection 
in the ERP that peaks around 400 ms post-word onset. More 
specifically, it has been shown that words that are either 
consistent with or highly predicted by their preceding context 
elicit a scalp potential in this time window that is different 
from that of words that are either inconsistent or unexpected. 
This effect has been demonstrated using written speech [10] 
as well as auditory speech [11] and sign language [12]. Thus 
the presence of an N400 for successfully decoded visual 
speech would support the claim for a common mechanism of 
sentence processing across both visual and auditory speech. 
In this experiment we explore the electrophysiological 
correlates of speech comprehension using the N400 as a 
marker of lexical integration. The specific hypothesis tested is 
that final words that are anomalous with the preceding 
context will evoke a more negative deflection around 400 ms 
post-word onset compared with final words that are consistent 
(typical). One caveat however, is that the visual speech N400 
should occur only if that visual speech signal is successfully 
decoded. 
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3. Methods 

3.1. Subjects 

Seventeen adult subjects gave their informed and written 
consent to participate in the study. Their age ranged from 23 
to 43 years; two were left handed and one was ambidextrous 
according to a modified version of the Edinburgh Handedness 
Inventory [13]. All participants were native speakers of 
English, in good health and had normal or corrected to normal 
vision. None of the participants had had any previous specific 
speechreading training. 

3.2. Materials 

The stimuli were four word phrases. These consisted of a 
written context of three words followed by the silent video of 
a talker completing the phrase with a single word (the cloze). 
We used as stimuli 180 common English phrases that did not 
end with the same cloze. Two lists were drawn, one of 120 
phrases (forming the anomalous condition) and the other of 
60 phrases (forming the typical condition). Phrases were 
assigned to one of the two lists at random. The pairings of 
contexts and clozes in the list of 120 phrases were 
mismatched, so that all silently spoken words in this list had a 
null probability of occurring after the assigned context. 
Because the cloze was completely unpredictable from the 
context, we will refer to these context-mismatched cloze 
pairings as anomalous phrases. Furthermore, clozes in 
anomalous contexts were also matched to the typical clozes 
that they substituted in terms of their syntactic role. Clozes in 
anomalous contexts always began with a viseme which 
belonged to a different category from the initial viseme in the 
typical cloze they substituted. 

Fifteen additional phrases were used as a training block 
for all subjects. Of these, 5 were presented with a typical and 
10 with an anomalous cloze. None of the phrases or the clozes 
present in the training block occurred in the experimental 
block.  
 

3.3. Procedure 

Figure 1 illustrates a typical trial. The written context 
appeared on screen for 2000 ms, as depicted in the first image 
in the sequence. The written context was in typeface Arial, 48 
points and subtended a horizontal arc of approximately 0.2 
radians. The context was followed by a static picture of the 
talker’s face for 2000 ms, as shown by the second image. The 
static picture was the frame preceding the onset of 
articulatory movements, and in almost all cases the talker had 
the mouth slightly open with the tongue position not visible. 
At 4000 ms the image became animated and silently 
articulated a single word which formed the cloze of the 
phrase. The first animated frame of the cloze “beast” is shown 
in the third image of Figure 1. At this particular time point the 
stimulus delivery computer sent a trigger which was recorded 
within the continuously acquired EEG data, for epoching and 
averaging. Frames were presented at a rate of 25 per second. 
The length of the cloze was variable, but almost all clozes 
were monosyllabic words (n=170), with only nine disyllabic 
and one trisyllabic words. The articulatory movements lasted 
on average 23 frames (575 ms). At the end of the articulatory 
movements the face remained static on screen, as shown in 
image four (Figure 1). The total length of exposition of the 
talker’s face was kept constant at 3875 ms: 2000 ms “initial” 

static (image 2 in Fig. 1) and 1875 ms comprising a variable 
number of animated frames showing the articulatory 
movements (image 3 in Fig 1) and “filler” static images of the 
talker’s face (image 4 in Fig 1). On average, these static 
images (“initial” plus “filler”) were presented on screen for 
3300 ms. The cue appeared for 500 ms. This marked the end 
of the stimulation phase of a trial, after which subjects were 
left 8625 ms to respond. During the response time the screen 
was blank. The interval between the beginnings of two 
consecutive trials was 13000 ms. Each of the six blocks 
consisted of 30 trials and lasted exactly six and a half minutes 
(390 s). After a block subjects were given breaks of 
approximately 2 minutes, during which they could rest (e.g. 
move and drink). The entire experiment, excluding subject 
preparation, lasted just under one hour. 
 

 
Figure 1: Schematic of the stimulation phase of a 
trial. 1: subjects see a line of text providing a context 
(2000 ms). 2: a static frame of the talker face appears 
on screen (2000 ms). 3: the talker’s face animates 
and silently speaks a single word (≈575 ms). 4: the 
talker face returns to resting position and remains 
static (≈3300 ms). 5: subjects are cued to report the 
silently spoken word. The screen was white between 
trials. See text for more details. 

EEG activity was recorded in a soundproof booth using 
an equidistant 34 Ag/AgCl electrode arrangement mounted in 
an elastic cap (Falk Minow Services, GmbH). Signals were 
amplified using a BrainAmp MRplus (BrainProducts GmbH). 
The amplifier had an input impedance >1010 Ohm, a signal 
range of +/- 3.2 mV, a lower cut-off frequency of 0.016 Hz 
and an upper cut-off frequency of 250 Hz. We recorded at a 
sampling rate of 1000 Hz. Data were stored on a PC and 
subsequently analyzed offline. Analysis included: down-
sampling to 500Hz, average referencing, bandpass filtering 
between 0.025 and 40 Hz (24dB slope), rejection of artifact 
contaminated trials (on average 9% of all trials), epoching 
and averaging. 

3.4. Analysis 

Individual averages and grand-averages were computed for 
four experimental conditions. These were: 
 
1. Typical-Correct (TC): when the context was 
matched to its highest probability cloze and the subject was 
able to name the cloze correctly 
2. Typical-Incorrect (TI): when the context was 
matched to its highest probability cloze but the subject was 
unable to name the cloze correctly 
3. Anomalous-Correct (AC): when the context was 
mismatched so that it occurred in conjunction with a zero 
probability cloze which the subject was able to name 
correctly 
4. Anomalous-Incorrect (AI): when the context was 
mismatched so that it occurred in conjunction with a zero 
probability cloze which the subject was not able to name 
correctly 
 



Each of these individual averages was summarized taking 
the mean value over consecutive 100 ms time windows, so 
that each average was represented by 10 values, the first one 
corresponding to the baseline, the second to the first 100 ms 
post stimulus onset and so forth.  

Time-windowed averages were entered into a mixed 
model analysis. In this type of analysis the signal from each 
time windowed average was considered the result of a 
constant term (intercept) plus the effect of the stimulus type, 
of the response correctness and of their interaction, plus a 
random subject effect and the error term. Data were split by 
time window and electrode and the False Discovery Rate 
(FDR) [14] method was used to determine the threshold for 
significant interaction terms. FDR controls for the expected 
proportion of incorrectly rejected null hypotheses (type I 
errors) in a list of rejected hypotheses. FDR determined that, 
for α=0.05, the threshold for significant differences was 
p<0.0025. 
 

 
Figure 2: Grand-averaged waveforms showing the 
time course of voltage at electrode Pz in the four 
conditions. Negative voltage values are plotted in the 
upper panel. Horizontal dashed lines represent steps 
of one microvolt. 

4. Results and discussion 

4.1. Behavioural 

Subjects were able to report the final word correctly in 37.1% 
of the trials. These included the majority of the typical trials 
(TC= 79.4% of all typical trials) and a minority of the 
anomalous trials (AC= 15.9% of all anomalous trials). 
Therefore more TC trials were included in the analysis as any 
other trial type, although this disproportion was partially 
corrected by presenting twice as many atypical trials (N=120) 
as there were typical trials (N=60). 

In addition it is worth to note that the subjects were 
almost always able to produce one cloze they thought best 
fitted the silently spoken word: only in 5.4% of the total trials 
they were unable to name a word that they though fitted best 
(and were instructed to say “I don’t know”). Because of the 
small numbers of the trial type “I don’t know”, these answers 
will be henceforth considered as an “incorrect” response. 

4.2. Event related potentials 

The grand averaged waveforms in the four experimental 
conditions will be presented first, followed by the differential 
effects. Finally the statistical analysis will be performed to 
support the conclusions. The grand averaged waveforms and 
the differential effects are shown as either the deflection of a 
line relative to a baseline (Figure 2) or as a map showing 
voltage intensities on a grey-scale (Figures 3 and 4). 

4.2.1. Grand average waveforms 

The electrode channel Pz is positioned at the posterior vertex 
of the head, and is expected to best reveal the N400 effect. 
Figure 2 displays the grand-average ERP waveform at 
electrode Pz time locked to the onset of the (visual) 
articulatory movements for the cloze. Figure 3 displays the 
same type of information in the form of isovoltage maps 
rather than at a single electrode site. There are several things 
to note. 

First, in all four conditions, there is no clear waveform 
deflection reflecting early activity. EEG epochs were aligned 
to the onset of the articulatory movement, and a still was 
shown beforehand. It is therefore somewhat surprising that no 
electrical activity reflects the talking face in contrast to the 
still face. This is in contrast to the spoken word, which shows 
clear evidence of stimulus driven activity. One component, 
the so-called N1, has been shown to be clearly related to the 
onset of the voice sound [15]. This can be partly explained by 
the diverse dynamic characteristics of the word-initial 
visemes naturally present in our stimulus set. However even 
carefully selected visual speech syllables have failed to elicit 
clear ERP deflections in previous studies [16]. Our results 
confirm the lack of a stimulus driven neural marker for visual 
speech. 

 

 
Figure 3: Flattened topographical head maps 
showing interpolated grayscaled voltage values in the 
four conditions. Negative values are in black, 
positives in white. Each head map shows the average 
voltage value in a 50 ms time bin, starting at -100ms 
and ending 850ms post stimulus onset. View from top; 
front is up. Approximate electrode positions shown. 

Second, the characteristic ERP activity related to 
language processing is absent. This activity may have 
included an N200 (or N2), thought to reflect lexical selection, 
and an N400, thought to reflect lexical integration. The 
absence of any peak deflections around 300-500 ms is quite 
surprising, especially considering that the experiment was 



designed to elicit this specific neural correlate of lexical 
integration. The N400 is a well established ERP component 
reflecting significant differences in voltage between 
anomalous and typical conditions (anomalous minus typical). 
In previous literature it is commonly found that the difference 
in ERP activity between contextually anomalous clozes and 
typical clozes is often around -4μV for both written (Kutas 
and Hillyard, 1980) and spoken (McCallum, 1984; Holcomb 
and Neville, 1990) words, with typical clozes remaining 
around the baseline and anomalous clozes displaying a broad 
negative waveform peaking around 400 ms. However it 
should be noted that the critical characteristic defining the 
N400 is that the differential waveform between the 2 
conditions (anomalous-typical) is negative (see following 
section on differential effects).  

Third, at the time when the N400 deflection should be 
peaking central and posterior electrodes register a positive 
electrical field while frontal electrodes register a negative 
electrical field (Figure 2 and 3). The localization of these 
fields is broad, forming a concentric positivity centred 
approximately on electrode Pz, and a negative band centred 
on electrode Fz and extending to anterior peripheral 
electrodes. Closer inspection of the topographical maps 
suggests that the fields are slightly stronger in the TC 
condition (top left in Figure 3) and perhaps arising slightly 
earlier in the correct conditions (top and bottom left in Figure 
3) than in the other conditions. This impression is confirmed 
by comparing the waveforms at electrode Pz (Figure 2). The 
grand-average waveform for the TC condition separates from 
the others becoming increasingly more positive in 
comparison.  

Late positive shifts in the time window around 600 ms 
have been associated in neuro-psycholinguistic research with 
a component called P600 or SPS (Syntactic Processing 
Positivity) [17]. The P600 is typically described beginning 
around 500 ms and having its midpoint around 600 ms, with a 
somewhat posterior maximum [18]; however, longer lasting 
deflections up to 1500 ms have been described, notably for 
connected speech [19]. The P600 is elicited by a number of 
syntactic violations and is hypothesized to represent a metric 
of parsing difficulties [20]. It appears reasonable that such a 
process is invoked by speechreading; indeed in this 
experiment a positive going wave is present for all conditions 
in the late time windows. (Figure 3). However it is 
counterintuitive that typical, and presumably easier to parse, 
clozes give rise to a larger P600 than anomalous clozes. In 
Section 5 we speculate on why this could be the case. 

4.2.2. Differential ERP effects 

The voltage map obtained by subtracting the TC responses 
from the AC responses (anomalous - typical) confirms that 
there is not a classic N400 effect (Figure 4). We observed a 
negative going differential waveform, but its temporal 
characteristics were in a later time period (>550 ms). This 
comparison is also representative of the contrast between TI, 
AC or AI, which have a time course very similar to each 
other, and TC, which is the only condition with a distinctive 
pattern as noted earlier. A differential negativity with a 
central-posterior distribution is highlighted, together with an 
anterior positivity centered on the left hemiscalp (Figure 8.7). 
These appear to be sustained fields, similar in spatial and time 
distribution to the fields described for the individual 
conditions. The voltage differences appear as early as 450 ms 
and with the difference continuing to increase even at the end 
of the observed time window. Given the relative symmetry of 

the rising and falling slopes of ERP components and 
increased shallowness observed for components peaking at 
progressively later time windows (N1, N2 and N400 show 
these characteristics, for example), it is reasonable to imagine 
the difference continuing well beyond the measured time 
window, perhaps even up to 1500 ms. In fact slow waves 
such as those hypothesized here have been observed in 
response to connected speech and fast visual presentation of 
written text in an experiment comparing ERP responses to 
syntactically correct and incorrect critical words [19]. The 
differential waveforms are thus consistent with a P600 
interpretation, with the caveat that the more positive wave is 
elicited in the TC condition. This results in a negative field 
when a differential ERP effect of the type (AC minus TC) is 
computed. 
 

  
Figure 4: Flattened topographical head maps 
showing isovoltage lines derived from the differential 
waveform of the anomalous correct (AC) minus 
typical correct (TC) conditions. Each head map 
shows the average voltage value in a 50 ms time bin, 
starting at -100ms and ending 850ms post stimulus 
onset. View from top; front is up. Approximate 
electrode positions shown. 

4.2.3. Statistical significance of the ERP effects 

Statistical testing carried out for all electrodes and all time 
windows, including the baseline, shows that the differences 
illustrated in the scalp topographical maps between TC and 
the other conditions were significant only from 600 ms 
onwards. The analysis determined the main effects of 
stimulus (typical and anomalous) and response (correct and 
incorrect); plus the interaction between these effects. As we 
have shown in the grand-average voltage maps for each of the 
four conditions (Figure 3) and discussed in the preceding 
Section 4.2.2, only condition TC appears to diverge from the 
other three conditions in the later time windows. A significant 
interaction term for a specific electrode within a specific time 
window will be a consequence of this TC difference. 

Table 1 shows the interaction results resisting the FDR 
correction; the same result is graphically illustrated in Figure 
5, to illustrate the topographical distribution of statistically 
significant contrasts. There were no significant interactions in 
the time bins earlier than 599 ms. In the time windowed 
average from 600 to 699 ms, electrodes CP2, P3, Pz and P4 in 
the centro-posterior area and electrode FC5 in the left anterior 
quadrant showed statistically significant interaction effects 
between stimulus and response. 



 

Table 1: Time bins and electrodes showing a 
significant interaction between stimulus type 

(congruency) and response (correctness) 

Time Bin Electrode df F p 
FC5 11.67 0.0013 
CP2 10.35 0.0023 
P3 12.43 0.0009 
Pz 14.92 0.0003 

600-699 
ms 

P4 13.77 0.0005 
F7 14.22 0.0004 
Cz 11.67 0.0013 

CP2 14.50 0.0004 
Pz 14.41 0.0004 

700-799 
ms 

P4 15.72 0.0002 
F7 12.37 0.0010 
Cz 12.49 0.0009 
C4 13.04 0.0007 

CP2 12.61 0.0009 
Pz 11.59 0.0013 

800-899 
ms 

P4 

1,48 

11.43 0.0014 
 

 

 
Figure 5: Schematic of the electrode caps used in the 
present experiment, with electrodes displaying a 
significant interaction term in the statistical analysis 
shown in red. Significance values for the red coloured 
electrodes shown in Table 1. 

The same type of interaction occurred from 700 to 799 ms at 
electrodes Cz, Pz, CP2 and P4 in the centro-posterior region 
and F7 in the anterior left quadrant; the same electrodes, with 

the addition of C4, showed statistically significant 
interactions in the time window between 800 and 899 ms. 

5. Conclusions 
We propose the following explanation to account for the 
apparently contradictory results from this study, such as the 
absence of the N400 and the possible presence of a P600. In 
our experiment the written phrasal contexts strongly bias 
expectations towards a particular cloze. Subsequently the 
silently spoken word video presents the cloze, which can in 
this context be thought of as a sequence of visemes. Viseme 
categories are however broader than phoneme categories and 
it is therefore reasonable to think that silently a spoken word 
can generate multiple phonological (pseudo-word) and lexical 
(word) representations [21]. Lexical selection should be in 
these circumstances a more demanding process for a 
speechreader than for a listener. Using a mental resource 
analogy we could imagine that this could prevent activation 
of the lexical semantic features, for example by using up a 
finite amount of resources dedicated to the serial processes of 
lexical selection and lexical semantic feature activation. This 
hypothesis is in accordance with a series of lexical decision 
and naming studies of written and auditory words primed by 
silently spoken words [22]. These studies showed that 
reaction times to both lexical decision and naming of written 
and auditory words were faster when the same word was 
presented in the silent speech (repetition priming), but not 
when an associative silently spoken prime was used 
(associative priming). This dissociation in priming suggests 
that prime processing did not enable the resolution of 
candidates at the semantic level. At the same time the lexical 
representation level was important, because pseudo-words did 
not exhibit repetition priming. Similarly in our study, the 
N400, which is based on lexical semantics, could not be 
elicited when contrasting the ERP to critical words in typical 
and anomalous contexts because the activation of lexical 
semantic features did not occur. This was true also when a 
lexical candidate must have been selected, because subjects 
were able to correctly report the visually spoken word. We 
interpret the absence of the N400 as further evidence of the 
difficulty in the transition from the processing stage of lexical 
selection to the stage of lexical feature activation.  

Other explanations are possible, such as the temporal 
displacement of the neural correlate of contextual integration 
to a later time window, perhaps outside the time observation 
of the present study (after 850 ms). Considering that the N400 
has been demonstrated for written, spoken and sign language 
in approximately the same expected time window, this 
explanation would posit a special case for speechreading, 
which is not parsimonious. It is difficult to comment solely on 
the absence of an expected effect, but the explanation we 
suggest offers a simple and plausible account in accordance 
with behavioral and electrophysiological evidence. 

It has been suggested that the P600 represents an attempt 
to reconcile and repair conflicting evidence from a 
plausibility heuristic (lexical integration) and the parsing 
process assigning thematic roles on the basis of rules (rule 
based integration) [23]. This can explain why in all conditions 
of our experiment a P600-type deflection was present. In fact 
a lexical item was almost always selected (only 5.4 % of 
responses were “I don’t know”) and thus was made available 
for parsing. However if, as we have hypothesized for 
speechread words, the semantic features of the selected 
lexical item are not activated, not only will contextual 
integration not be possible (and thus absence of an N400), but 



a conflict between contextual integration and rule based 
integration will occur (and thus the presence of a P600). This 
interpretation however does not explain the larger P600 for 
TC clozes compared to all other categories. 

In summary our hypothesis that final words will evoke an 
N400 when preceded by an anomalous context was not 
confirmed. Instead we have shown that speechreading single 
words in a phrasal context elicits a distinctive ERP waveform 
characterized by a broad positivity over centro-posterior 
electrodes. This positivity, which we suggest is a P600, 
appears to be sensitive to successful decoding in a 
contextually appropriate phrasal context. 
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