
Theta and gamma oscillations in prefrontal cortex 

differentiate intentional from incidental letter -location 

binding

Pablo Campo1, Claudia Poch1, Fabrice Parmentier2, Jane Elsley3, Francisco del Pozo1, José María

Ruiz-Vargas4, Fernando Maestú1

1Center of Technological Biomedicine, UPM, Madrid,2Universidad Illes Balears, 3University of Bournemouth, UK, 4University 

Autonoma of Madrid

Experimental studies have revealed that spatial

processing of stimuli can occur even when it is

irrelevant to the taskËs goal. We were interested

to investigate whether the patterns of brain

activity associated with the incidental binding

of letters and locations observed when only the

verbal feature is attended differ from those

reflecting the binding resulting from the

controlled/explicit processingof both verbal and

spatial features.

Introduction Stimuli & Tasks

Nine subjects were included in the study performing two 

tasks. Both tasks were identical in terms of their 

perceptual characteristics (participants were presented 

with four consonants appearing simultaneously in four 

distinct locations) and only differed with respect to the 

instructions given to participants. One of the tasks 

forced participants to adopt an intentional letter -location 

binding strategy (verbal-spatial task), while in the other 

(verbal task), participants were instructed to memorize 

only the consonants, regardless of their location,
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thereby discouraging intentional letter -location binding. Two types of positive probes were 

presented, Intact probes (consonant in the same location as at encoding), and Recombined probes 

(consonants and locations presented at encoding, but not together).

MEG recording & analysis

TheMEGsignal was obtained using a 148 channel whole-head neuromagnetometer housedin a shielded room. Thedata were obtained using a sample rate

of 254 Hz and filtered with a band pass filter between 0.1 and 50 Hz. Data were submitted to an interactive noise reduction procedure. Time-frequency

(TF) representation of MEGdata basedon the wavelet transform of the signals was calculated on a single trial basis for a 1700 ms time window starting

from 500 ms before the onset of the stimulus presentation, and 1200 ms starting from the beginning of maintenance period. The minimum-norm

estimation procedure (MNE)was used to perform the source localization of the TF MEGsignals corresponding to the retention period neuronal response.

The change in amplitude was calculated with respect to a baseline period before the beginning of each epoch. For each frequency band, the mean time-

frequency amplitude of the prestimulus period (between 500 and 0 ms before stimulus onset) wasconsideredas a baselineand subtracted from the time-

frequency representation in order to normalize it . The amplitude values at each dipole location of the brain surface mesh corresponding to the TF-values

were statistically analyzed by using a Student's t -test to compare the verbal and verbal-spatial conditions. All reported t-values correspond to the

maximum t-value observedwithin a significant source cluster. Associatedp-values were thresholded at p < 0.001 (uncorrected).

Behavioral results: We conducted separate

repeated-measuresanalysis of variance (ANOVA)

for accuracy and for RT measures. The ANOVAs

contained two within -subjects factors, task

(verbal vs. verbal-spatial), and probe type

(intact vs. recombined). Greater accuracy on

intact than on recombined led to a significant

main effect of probe-type (F1,8 = 24.54; p <

.001). No significant effect of task (F1,8 = .16; p

> .60), nor task by probe type interaction (F1,8 =

.172; p > .40) were found. Participants were

faster on intact probes compared to recombined

probes as indicated by a main effect of probe-

type (F1,8 = 9.85; p < .02). Neither the main

effect of task nor the interaction approached

significance (F1,8 = 1.43; p > .20; F1,8 = .83; p >

30, respectively).

Behavioral results

Result of the group analysis projected onto a tessellated cortical mesh template surface derived from the Montreal Neurological Institute

(MNI) phantom brain. The figure depicts frontal sources indicating maximum statistically significant difference in amplitude for the

verbal-spatial task relative to the verbal task in specific time bins for theta and gamma frequency ranges by means of p values (p <

0.001 uncorrected). Only p values exceedingthe critical p value of 0.001 are shown. Colorbar indicate the p values

Discussion

The results of the oscillatory neural activity showedthat verbal-spatial binding relied on partially distinct neuroanatomical substrates when one and both

features were attended and encoded. As our behavioral measuresindicated binding effects in both tasks, and no differences in terms of accuracy or speed

response,we can conclude that differences between tasks in oscillatory activity were due to the requirement to intentionally process both verbal and

spatial information classes. The distinct patterns of activity we observed in the gamma band over anterior PFCmight reflect differences in the strategic

control processesbetween tasks. Therefore, the instruction to intentionally processthe two features in the verbal-spatial task may have led participants to

use elaborative strategies, triggering top�²down processes,which may in turn have induced activity in the gamma frequency range. We also observed a

theta frontal effect during the verbal-spatial task that appear to be related to the level of mental effort necessaryto deal with the task rather than the

amount of information being manipulated.

MEG results


