














Verifi cation of Predictions 

A B C 
Topography at 50 to 90 ms ein S<chiff v ' ein Schiff v ' 

ein Z<epter v ' ein Zept er v ' 
anterior -2 - 2 High frequency 

:> :> 
2; - 1 2; - 1 

central Cl> Cl> 
"0 "0 
�.�~� �~� 
Ci Ci 
E E « « 

- 1 

�~� :> 
�~ �- �1� 

Cl> Cl> 
U "0 

-0.5 0 0.5 c: 
�~� Cl> 

Amplitude [IN] iD Ci 
:::: E 
is « 

1 
I I 

--- High predictability 
- 200 -100 0 ·100 200 300 400 0 100 200 300 400 --- Low predictability 

Time [ms] Time [ms] 

Figure 4. Predictability effect in scalp regions. (A) Topography of mean amplitude differences (I ow minus high predictabilit y) in the epoch 
from 50 to 90 ms. Nine regions of scalp electrodes are delimi ted by black borders. (S) Mean amplitudes from seven electrodes at the posteri or left 
region. In the interval from 50 to 90 ms (dashed lines), amplitudes are more negative for high (blue) than for low predictabilit y (orange) words. The 
lower panel shows the difference waveform (I ow minus high predictabilit y). Mid-gray and li ght-gray error bands depict 95% and 99% confidence 
intervals, respectively, computed from 5000 bootstrap samples. Background shading illu strates the stimulus sequence (gray: word present; white: 
blank screen). (C) Within-frequency class ERPs at the posteri or left region. The earl y effect of predictabilit y is independent from target frequency. 
Background shading refl ects the stimulus sequence (shaded: word present; white: blank screen). 
doi:l 0.1371/journal.pone.0005047.g004 

These two proposals are neither exclusive nor exhaustive and, 
certainly, a number of additional factors will influence the timing 
of convergence between bottom-up and top-down streams in 
visual processing. To examine the validit y of the present 
suggestions and to complete the picture of short-latency top-down 
effects, further research will be necessary. The reconciliation of 
these findings with feedback modulations occurring later in time 
will contribute to a comprehensive understanding about the 
interplay of internal brain states and information from the 
environment. 

Clearly, the present data point to the effi ciency of stimulus 
encoding in visual perception. Evidence from electro- and 
magneto-encephalography revealed that bottom-up activation 
spreads in the primary visual cortex at around 50 ms post­
stimulus and is rapidly transmitted to higher cortical areas. 
Activity reaches a large proportion of extrastriate and frontal 
regions within 70 and 80 ms, respectively [46,47]. Can these 
signals be interpreted and compared to stored information before 
90 ms? Converging empirical support comes from visual search. 
Sigman and colleagues showed that extensive training with letter­
like shapes grants selective responsiveness in earliest visual cortices 
[32]. Further , complex search patterns that were ei ther predictive 
or unpredictive with respect to target position evoked differential 
magneto-encephalographic responses from 50 to 100 ms at 
occipital si tes. Since participants were not aware of the pattern­
target associations, this result points to fast elaboration of visual 
input that rapidly contacts unconscious memory [48]. An 
explanation for the high processing speed of visual input is 
provided by recent theories proposing that meaningful informa­
tion is already extracted from the fir st 1- 5% of the bottom-up 
signal. Thereby, top-down processes, acting as temporal bias, 
increase stimulus saliency [49,50]. Consistent with these ideas, our 
data indicate that in the presence of strong predictions, the cortex 
matches pre-activated representations with incoming stimuli 
shortly after the visual signal is avail able . 
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This interpretation is in line with models assuming interactions 
between feedforward and feedback information (e.g., [23,24,26-
30]). For instance, Di Lollo and co-workers [27] proposed that 
early visual processes generate preconscious hypotheses about the 
identi ty of an incoming stimulus. These hypotheses re-enter low 
visual areas and are i teratively compared with the input. An 
affirmative match enhances the signal and affords conscious 
perception of a stimulus. This interactive view of feedforward 
and feedback information successfull y accounted for findings 
from backward masking, assuming that top-down hypotheses 
from a briefl y presented target mismatch the visual input after a 
mask has superseded the bottom-up target signature [27,51]. 
Further, rapid resumption of an interrupted visual search 
indicates that preprocessed patterns evoke target-specific hy­
potheses which are swiftl y tested against sensory information 
[52,53] . The present data extend this view suggesting that top­
down hypotheses also emerge from the interpretation of semantic 
contexts. Thereby, the instantaneous match with the visual input 
is compatible with the idea that top-down influences dynamicall y 
reconfigure fi l ters in the visual system to grant optimal processing 
of relevant information from incoming signals [54] . T hus, visual 
perception appears as an active process that rapidly compares 
internal semantic representations with task-relevant aspects of 
incoming stimuli [55- 57]. 

The observed predictabili ty effect was strongest over posterior 
electrodes. This region is si tuated above the left hemispheric 
occipito-temporal network that is strongly li nked to the so-call ed 
visual word form area [58,59] . As these cortical structures are 
graduall y sensi tive to the processing of word-li ke stimuli [31] , 
they refl ect a plausible ground for the matching of top-down 
predictions and incoming signals. Another relevant structure may 
be the foveal portion of the retinotopic cortex that was shown to 
receive category-specifi c feedback information as response to 
peripherall y presented objects. H ence, V I was proposed to serve 
as scratch pad for the storage and computation of task-relevant 
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visual information [60] (see also [4]). Note, however, that 
suggestions about underlying sources of the predictability effect 
remain sp eculative, as no strong inferences about localization can 
be drawn on the basis of the present ERP data. 

In conclusion, previous research has shown that predictions 
about upcoming words pre-activate representations of specific 
word forms. The present results ind icate that, under near-normal 
reading speed, these predictions are checked in an interval from 
50 to 90 ms after the visual input. Though reading is ideally 
suited to examine this issue, rapid verification of expected 
physical input is fundamental to many domains, including object 
recognition in general [5] and movement control [61]. If 
replicable across a wide range of tasks, our finding provides a 
critical temporal constraint for theories of top-down and bottom-
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up interactions as well as novel insights about the efficiency of 
stimulus encoding. 
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