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The supplementary material is divided into two sections. The first section shows all 
results, which were obtained for the second animal participating in the experiments, 
monkey M (in the main text, for saving space some graphs were only presented using 
data from the first animal, monkey F). The second section is devoted to material giving 
details of the data analysis and background information for investigations of which only the 
main result was reported in the main text. 

 

Section 1: Shape classification performance for monkey M 
 

Fig. S1a shows the classification performance of the SVM for all electrodes in the 
attended condition. As for monkey F, one region of high performance is located over area 
V1, and a second region over area V4. The attentional gain in performance shown in Fig. 
S1b reveals values of up to 6.7% over area V4.  

Fig. S2 shows the time course of classification performance. The data displays again the 
same general features as described for monkey F in Fig. 3 in the main text. The curves 
are more noisy because of the fewer trials monkey M performed during the experiment. 

Fig. S3 quantifies how classification performance depends on selecting wavelet 
coefficients from different frequency ranges. Again, the same behaviour as in Fig. 4 in the 
main text is found. 
 

 
Figure S1  (a) Classification performance P of the initial shape s(T1) (presented from 
t=650 ms to t=2200 ms) for Monkey M in the attended condition. Same presentation as in 
Fig. 2 in the main text. 

 



 

 

Figure S2  (a) Time course of classification performance for the selected electrode 
combination above V4 (cf. Fig. S1a, yellow crosses), shown for the attended (red dotted 
line) and for the non-attended condition (blue dotted line). Parameters and presentation as 
in Fig. 3 of the main text. 

 

 



 

 

Figure S3  (a) Classification performance P and (b) attentional gain for Monkey M, using 
different subsets of the power coefficients from the selected V4 electrode combination. 
Parameters and presentation as in Fig. 4 of the main text.  

 

 

Section 2: Quantifying the mechanisms of attention 
Figure S4 displays the changes in the SNRs η  and the scaling of the mean wavelet 
power coefficients μ  under attention. The scatter plots in Fig. S4a-b demonstrate clearly 
that the changes on SNR are only minor, while the mean coefficients for the different 
shapes are scaled much stronger under attention (Fig. S4c-d). The differential scaling is 
visible in the differences between the curves attributed to different shapes. The insets 
quantify the gain in classification performance under attention, demonstrating that it is not 
the strength of scaling for a single frequency band, but the concerted effect of changes in 
multiple frequency bands, which is causing the improvement in performance. Again, data 
from both monkeys shows qualitatively the same behaviour. 

In addition to the scaling procedures outlined in the main text, we also performed a ROC 
analysis on the wavelet coefficients. Specifically, for any two different shapes and each 
specific frequency band, one obtains two distributions of wavelet coefficients. A standard 
ROC analysis can then estimate how well these two distributions can be distinguished 
from each other, i.e. with which probability one can correctly classify an observation as 
caused by the one or the other shape, given a suitably chosen decision criterion. We 
performed such an analysis for each combination of the six shape classes and for each 
frequency band, in the attended as well as in the non-attended condition. The data is 
summarized in Fig. S5. It turns out that in V1 there exist many combinations, which allow 
for an almost perfect discrimination between two shapes in the non-attended condition 
(integral over ROC curve between 0.9 and 1), while there are no such combinations in V4. 
Conversely, in V4 almost all combinations remain below 0.8, giving an attentional 
modulation the necessary ‘room’ to increase discriminability. This dependence can also be 
seen in the mean attentional gain displayed in the same figure, which is highest for 



medium and low values of the ROC integral. Taken together, these figures demonstrate 
why in V1 attention does not have a significant effect on discrimination performance, as 
revealed by the SVMs in Fig. 2b in the main text, and in Fig. S1b in this supplement. 

Figs. S6 and S7 show how the scaling procedure explained in the main text, in equations 
(3.1) and (4.1), depends on the frequency range of the wavelet coefficients. In short, we 
confirm that the range from 40Hz contains the strongest modulations, especially when 
applying the differential scaling of the wavelet coefficients. Scaling the SNRs causes only 
a minor increase in classification performance. In monkey M, the explanatory power of the 
scaling procedures is much weaker, showing the limiting effects of the trial statistics. Fig. 
S7 confirms the result displayed in Fig. S6 by downscaling the attended data set into two 
‘quasi’-non-attended data sets, by applying equations (3.2) and (4.2). 

 

 
Figure S4  (a-b) Signal-to-noise ratios (SNR) of wavelet coefficients in the attended 
condition )(f0

A
sη plotted against the SNR in the non-attended condition )(f0

N
sη , for monkey 

F (a) and monkey M (b). The SNRs were computed for each frequency band 0f  and 
shape s during the initial presentation period T1 (650ms to 2200ms). The data can be 
fitted with a linear regression (dashed line), resulting in a coefficient of 1.017 ± 0.021 for its 
slope for monkey F, and 1.039 ± 0.021 for monkey M. The following colour code was used 
for tagging selected frequencies: magenta 122Hz, cyan 97Hz, red 77Hz, green 61Hz, and 



blue 49Hz. (c-d) Scaling factors or ratios )(f)/(f 00
N
s

A
s μμ  of the mean wavelet power 

coefficients for the attended and non-attended conditions, in dependence on the pattern 
class (shape) s and the frequency band 0f . The coefficients were calculated from the data 
obtained during the initial period from the main electrode in V4, for monkey F in (c), 
monkey M in (d). A scaling factor of 1 indicates no change in the mean power coefficients 
(dashed black line). The inset shows the relative change in classification performance 
through attention for each of the six different shapes s.  

 

 
Figure S5  Summary of analysis of the receiver-operator-characteristics for any two 
distributions of wavelet power coefficients. The integrals over the ROC curves quantify 
how well the wavelet coefficients for one frequency band allowed to distinguish between 
two shapes in the non-attended condition, taking values between 50% and 100%. In (a-d) 
these integrals were sorted into five performance classes equally spaced between the 
minimum value of 0.5 and maximum value 1, the histograms in the upper row quantifying 
their distributions for monkey F (a) and monkey M (b). The corresponding mean gain in 
performance under attention is quantified for each of the performance classes in the lower 
row for monkey F (c) and monkey M (d). The white stars denote mean gains, which are 
significantly different from 0, while the number of the stars indicates the significance level 
in terms of standard deviations (three stars for three and more standard deviations). Data 
was taken from the electrodes with the highest performances in V1 (blue) and V4 (red). 



 

 

 

 

Figure S6  Explanatory power of hypothetical scaling of wavelet coefficients under 
attention. The upper row quantifies the effect of scaling the SNRs of the non-attended 
data as described in equation (3.1) in the main text, shown for monkey F (a) and for 
monkey M (b). The lower row quantifies the effect of scaling the mean values as 
described in equation (4.1) in the main text, shown for monkey F (c) and monkey M (d). 
The performance is plotted for different frequency ranges in the same schematics as used 
in Fig. 4 in the main text. The colour code indicates how much of the percentage of the 
gain in performance under attention is explained by the respective scaling procedure. 
Values above 100% and below 0% are clamped to this range before being colour-coded 
(for the original value, see the numbers displayed in each coloured square). Frequency 
ranges in which there was no significant increase in performance in the original data have 
been masked with grey squares. Data was taken from the selected V4 electrode 
combination. 

 



 
 

Figure S7  Explanatory power of hypothetical scaling of wavelet coefficients under 
attention. In contrast to Fig. S6, the scaling was this time applied to the attended data set, 
with substituted scaling coefficients as in equations (3.2) and (4.2). Consequently, the 
plots show how much of the decrease in performance between the non-attended and 
attended condition can be explained by changes in the SNR (upper row) and by 
differential changes in the mean wavelet coefficients (lower row), respectively. Same 
presentation as in Fig. S6. Data was taken from the selected V4 electrode combination. 

 

 

Section 3: Analysis of Residual Eye Movements 
Eye movements within the fixation window were also recorded during the sessions. We 
analyzed this data for differences in fixation accuracy between the attended and non-
attended condition. In particular, we computed for each attentional condition, and for each 
monkey 

1. the distributions of mean eye position across trials, for both horizontal and vertical 
directions, and 

2. the distributions of eye position variance across trials, for both horizontal and 
vertical directions. 



Comparison between the distributions in the a-C and n-C revealed noticeable, but small 
differences only for the mean positions in vertical direction. In principle, this difference 
makes it possible that a significantly different vertical eye position in the attended 
condition leads to a change in classification performance on the brain activity, as for 
example through a change of the retinotopic coverage of the stimulus by the recording 
array. 

We excluded this remote possibility by performing the following test:  

(I) First, we selected two subsets of trials from the a-C and n-C such that the resulting 
distributions of the mean vertical eye positions from these trials were no longer 
significantly different (Kolmogorov-Smirnov-test, α=0.2): This selection was performed by 
subsequently and/or alternately choosing samples from the original sets of power 
amplitude coefficients under the condition that for any power amplitude, the integrals over 
the distributions in the new subsets did not differ more than a pre-defined, small value. 

(II) Second, classification performances were computed on these two subsets, and 
compared to the classification performances on the full sets in both conditions. 

This analysis confirmed our original result and excluded any influence from residual eye 
movements on classification performance. As an example, we present the results for the 
anatomically defined electrode combination over V4: classification performance on the 
subsets with similar eye statistics turned out to be 50.5% and 61.1% in the n-C and a-C, 
respectively (monkey F). The original values were 53.6% and 61.4%. Similar results were 
obtained for monkey M, increasing performance from 41.4% to 56.2% with attention. 
Performances on the original, full data set increased from 45.8% to 54.8%. The 
differences in classification performance are even higher on the selected subsets, and 
thus are also significantly different (p<0.02) between the a-C and n-C condition. 

In addition, we tested the influence of the eye movements on the classification of the 
attended state. Again, we could reject this potential artefact of our recordings.  

Eye movement distributions in the error trials were indistinguishable from the 
corresponding distributions in the correct trials. Application of a similar procedure as 
described above was not possible because the already low number of data sets for the 
error trials would have been reduced further, preventing a proper significance analysis of 
the results. 



Section 4: Spatial Distributions of Gamma Power  

 

 
 
Figure S8  Spatial distribution of stimulus driven gamma power (taken from the frequency 
range 61 Hz-194 Hz) for monkey M (a) and monkey F (b). The stimulus induced power 
(650-2200 ms) is shown relative to the power recorded with no stimulus being presented 
(50-600 ms). Spatial arrangement is similar to Fig. 2 and S1. Each colored box in the grid 
represents one electrode. Black denotes areas without an electrode. Two discernable 
spatial peaks were found, of which one is centered over area V4 (center left) and one over 
area V1 (upper right).  
 
 
 

 


