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SUMMARY: 22 
This article describes how to set up an experiment that allows detecting pre-stimulus source-23 
level influences on object perception using magnetoencephalography (MEG). It covers stimulus 24 
material, experimental design, MEG recording, and data analysis. 25 
 26 
ABSTRACT: 27 
Pre-stimulus oscillatory brain activity influences upcoming perception. The characteristics of 28 
this pre-stimulus activity can predict whether a near-threshold stimulus will be perceived or not 29 
perceived, but can they also predict which one of two competing stimuli with different 30 
perceptual contents is perceived? Ambiguous visual stimuli, which can be seen in one of two 31 
possible ways at a time, are ideally suited to investigate this question. 32 
Magnetoencephalography (MEG) is a neurophysiological measurement technique that records 33 
magnetic signals emitted as a result of brain activity. The millisecond temporal resolution of 34 
MEG allows for a characterization of oscillatory brain states from as little as 1 second of 35 
recorded data. Presenting an empty screen around 1 second prior to the ambiguous stimulus 36 
onset therefore provides a time window in which one can investigate whether pre-stimulus 37 
oscillatory activity biases the content of upcoming perception, as indicated by participants’ 38 
reports. The spatial resolution of MEG is not excellent, but sufficient to localise sources of brain 39 
activity at the centimetre scale. Source reconstruction of MEG activity then allows for testing 40 
hypotheses about the oscillatory activity of specific regions of interest, as well as the time- and 41 
frequency-resolved connectivity between regions of interest. The described protocol enables a 42 
better understanding of the influence of spontaneous, ongoing brain activity on visual 43 
perception. 44 
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 45 
INTRODUCTION:  46 
Brain states preceding stimuli presentation influence the way stimuli are perceived as well as 47 
the neural responses associated with perception1–4. For example, when a stimulus is presented 48 
with an intensity close to perceptual threshold (near-threshold), pre-stimulus neural oscillatory 49 
power, phase, and connectivity can influence whether the upcoming stimulus will be perceived 50 
or not perceived5–10. These pre-stimulus signals could also influence other aspects of 51 
perception, such as perceptual object content. 52 
 53 
Presenting people with an ambiguous image which can be interpreted in one of two ways is an 54 
ideal way to probe object perception11. This is because the subjective content of perception can 55 
be one of two objects, while the actual stimulus remains unchanged. One can therefore assess 56 
the differences in recorded brain signals between trials on which people reported perceiving 57 
one versus the other possible interpretation of the stimulus. Given the reports, one can also 58 
investigate whether there were any differences in the brain states prior to stimulus onset. 59 
  60 
Magnetoencephalography (MEG) is a functional neuroimaging technique that records magnetic 61 
fields produced by electrical currents in the brain. While blood-oxygenation level dependent 62 
(BOLD) responses resolve at a timescale of seconds, MEG provides millisecond resolution and 63 
therefore allows investigating brain mechanisms that occur at very fast timescales. A related 64 
advantage of MEG is that it allows characterizing brain states from short periods of recorded 65 
data, meaning experimental trials can be shortened such that many trials fit into an 66 
experimental session. Further, MEG allows for frequency-domain analyses which can uncover 67 
oscillatory activity. 68 
 69 
In addition to its high temporal resolution, MEG offers good spatial resolution. With source 70 
reconstruction techniques12, one can project sensor-level data to source space. This then 71 
enables testing hypotheses about the activity of specified regions of interests. Finally, while 72 
signals in sensor-space are highly correlated and therefore the connectivity between sensors 73 
cannot be accurately assessed, source reconstruction allows for the assessment of connectivity 74 
between regions of interest because it reduces the correlations between source signals13. These 75 
connectivity estimates can be resolved in both the time and frequency domains. 76 
  77 
Given these advantages, MEG is ideally suited to investigate pre-stimulus effects on object 78 
perception in specified regions of interest. In the present report we will illustrate how to design 79 
such an experiment and the MEG acquisition set-up, as well as how to apply source 80 
reconstruction and assess oscillatory activity and connectivity. 81 
 82 
PROTOCOL: 83 
The described protocol follows the guidelines of the human research ethics committee at the 84 
University of Salzburg, and is in accordance with the Declaration of Helsinki.  85 
 86 
1. Prepare stimulus material 87 
  88 
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1.1. Download an image of the Rubin face/vase illusion14. This will be shown to half of the 89 
participants. 90 
 91 
1.2. Use the Matlab command ∼ to invert the original black and white binary Rubin image to 92 
create a second Rubin face/vase negative image with the black and white colors flipped with 93 
respect to the original image (white background instead of black background). This will be 94 
shown to the other half of the participants. 95 
 96 
1.3. Create a mask by randomly scrambling blocks of pixels of the Rubin image. Divide the 97 
image in square blocks that are small enough to hide obvious contour features, for example 98 
between 2% and 5% of the size of the original image (5 by 5 pixels out of an image of 250 by 99 
250), then randomly shuffle them to create the mask. 100 
 101 
1.4. Create a black fixation cross on a white background, such that the fixation cross is smaller 102 
than the Rubin image (less than 5° of visual angle). 103 
  104 
2. Set up MEG and stimulation equipment 105 
  106 
2.1. Connect the stimulus presentation computer to the projector. Connect the DLP LED 107 
projector controller via a USB optoisolated extension (for data), and a digital visual interface 108 
(DVI) cable (for stimuli). 109 
 110 
2.2. Connect the MEG acquisition computer to the stimulus presentation computer to let it 111 
send and receive triggers. Plug the digital input/output (DIO) system (buttons and triggers, 2x 112 
standard D24 connectors) of the integrated stimulus presentation system into the MEG 113 
connector on the optoisolated BNC breakout box.  114 
 115 
2.3. Record 1 minute of empty room MEG data at 1 kHz. 116 
 117 
2.4. Monitor the signals from the 102 magnetometers and 204 orthogonally placed planar 118 
gradiometers at 102 different positions by visualizing all signals in real time on the acquisition 119 
computer. 120 
  121 
3. Prepare participant for MEG experiment 122 
 123 
NOTE: Details of MEG data acquisition have been previously described15.  124 
 125 
3.1. Make sure the participant understands the informed consent in accordance with the 126 
declaration of Helsinki and have them sign the form which also includes a statement of consent 127 
to the processing of personal data.  128 
 129 
3.2. Provide the participant with non-magnetic clothes and make sure they have no metallic 130 
objects in or on their bodies. Ask participants to fill another anonymous questionnaire to 131 
ensure this, and that the participant does not have any other exclusion criteria such as 132 



neurological disorders, and to document other personal data like handedness and level of rest. 133 
 134 
3.3. Seat the participant on a non-ferromagnetic (wooden) chair. Attach 5 head position 135 
indicator (HPI) coils to the head with adhesive plaster, two above one eye, one above the other 136 
eye, and one behind each ear. 137 
 138 
3.4. Place the tracker sensor of the digitization system firmly on the participant’s head and fix it 139 
to spectacles for maximum stability.  140 
 141 
NOTE: A 3D digitizer was used (Table of Materials). 142 
 143 
3.5. Digitize the anatomical landmarks, the left and right pre-auricular points and the nasion, 144 
and make sure the left and right pre-auricular points are symmetrical. These fiducials define the 145 
3D coordinate frame.  146 
 147 
3.6. Digitize the 5 HPI coil positions using a 3D digitizer stylus.  148 
 149 
3.7. Digitize up to 300 points along the scalp and maximize the coverage of the head shape. 150 
Cover the well-defined areas of the scalp on magnetic resonance (MR) images, above the inion 151 
on the back and the nasion on the front, as well as the nasal bridge. 152 
  153 
NOTE: These points will be used for the co-registration with an anatomical image for better 154 
individual source reconstruction.  155 
 156 
3.8. Remove the spectacles with the tracker sensor. 157 
 158 
3.9. Attach disposable electrodes above (superciliary arch) and below (medial to the zygomatic 159 
maxillary bone) the right eye to monitor vertical eye movements. 160 
 161 
3.10. Attach disposable electrodes to the left of the left eye and to the right of the right eye 162 
(dorsal to the zygomatic maxillary bone) to monitor horizontal eye movements. 163 
 164 
3.11. Attach disposable electrodes below the heart and below the right collarbone to monitor 165 
heart rate. 166 
  167 
NOTE: The eyes and the heart signals are relatively robust, so checking the impedance of 168 
disposable electrodes is not necessary. 169 
 170 
3.12. Attach a disposable electrode as a ground below the neck.  171 
 172 
3.13. Escort the participant to the MEG shielded room and instruct them to sit in the MEG chair. 173 
 174 
3.14. Plug the HPI wiring harness and the disposable electrodes in the MEG system. 175 
 176 



3.15. Raise the chair such that the participant’s head touches the top of the MEG helmet and 177 
make sure the participant is comfortable in this position. 178 
 179 
3.16. Shut the door to the shielded room and communicate with the participant through the 180 
intercom system inside and outside the shielded room. 181 
 182 
3.17. Instruct the participant to passively stare at an empty screen (empty except for a central 183 
fixation cross) for 5 min while recording resting-state MEG data at 1 kHz. Keep the sampling 184 
rate at 1 kHz throughout the experiment. 185 
 186 
3.18. Instruct the participant of the task requirements and have them perform 20 practice 187 
trials.  188 
 189 
NOTE: Example instructions: “Keep your fixation at the center of the screen at all times. A cross 190 
will appear, and after the cross disappears, you will see an image followed by a scrambled 191 
image. As soon as the scrambled image disappears, click the yellow button if you had seen faces 192 
and the green button if you had seen a vase.” 193 
 194 
3.19. Alternate the response buttons across participants (e.g., right for faces, left for vase, or 195 
vice versa). 196 
 197 
NOTE: The color of response buttons does not matter. 198 
  199 
4. Present the experiment using Psychtoolbox16 200 
  201 
4.1. Display instructions to the participants, telling them which button to press when they see 202 
faces and which button to press when they see a vase. 203 
 204 
4.2. Create a single trial with 4 events which will apply to all trials in this order: fixation cross, 205 
Rubin image, mask, and response prompt (Figure 1). 206 
 207 
4.3. At the beginning of each trial, display the fixation cross for a variable time period between 208 
1 s and 1.8 s. 209 
 210 
4.4. At the end of that time period, remove the fixation cross and display the Rubin image for 211 
150 ms. 212 
 213 
4.5. At the end of the 150 ms, remove the Rubin image and display the mask for 200 ms. 214 
 215 
4.6. At the end of the 200 ms, remove the mask and display a question to prompt participants 216 
to respond with a maximum response deadline of 2 s. 217 
 218 
4.7. Program the response period such that if participants respond within 2 s, the next trial 219 
(starting with a fixation cross) begins when they do so. Otherwise, start the next trial after 2 s. 220 



 221 
4.8. Save the timing of all 4 events as well as the response choice and its timing. 222 
 223 
4.9. Repeat the same trial structure 100 times before displaying an instruction for participants 224 
to rest briefly. This constitutes one experimental block. 225 
 226 
4.10. Repeat the block structure 4 times for a total of 400 trials. 227 
 228 
5. Monitor MEG signal and participant during experiment 229 
  230 
5.1. Monitor the participant via video. 231 
 232 
5.2. At the beginning of each block, before the task starts, start measuring MEG data and record 233 
the initial position of the participants’ head position with respect to the MEG. In the MEG 234 
system used, click GO to start. When a dialog asks if the HPI data is to be omitted or added to 235 
the recording, inspect the HPI coils signal, and click Accept to record that initial head position. 236 
After that, click Record raw to start recording MEG data. 237 
 238 
5.3. If at any point throughout the experiment the participant wishes to stop the experiment, 239 
terminate the experiment and go inside the shielded room to unplug all sensors from the MEG 240 
system and release the participant from the chair. 241 
 242 
5.4. Monitor the MEG signals by visualizing them in real time on the acquisition computer. 243 
 244 
5.5. In between blocks, communicate with the participant through the speaker system to make 245 
sure they are well and ready to continue, and instruct them to move their limbs if they wish, 246 
but not their head. 247 
 248 
5.6. In between blocks, save the acquired MEG signals of that block. 249 
 250 
5.7. After the end of the experiment, go inside the shielded room, unplug all sensors from the 251 
MEG system, and release the participant from the chair. 252 
 253 
5.8. Escort the participant out of the shielded room and offer them the choice to either detach 254 
all sensors from their face and body themselves, or detach the sensors for them. 255 
 256 
5.9. Thank the participant and provide them with monetary compensation. 257 
  258 
6. Pre-process and segment MEG signals 259 
  260 
6.1. Use the signal space separation algorithm implemented in the Maxfilter program (provided 261 
by the MEG manufacturer) with default parameter values to remove external noise from the 262 
continuous MEG signals. 263 
 264 



6.2. Apply a 0.1 Hz high-pass filter to the continuous data using the Fieldtrip toolbox17 function 265 
ft_preprocessing. 266 
  267 
NOTE: all subsequently reported functions prefixed with ‘ft_’ are part of the Fieldtrip toolbox. 268 
 269 
6.3. Segment the MEG data by extracting the 1 second preceding the stimulus presentation on 270 
each trial. 271 
 272 
6.4. Assign these epochs a ‘face’ or ‘vase’ trial type label according to the participants’ 273 
behavioral responses on each trial. 274 
 275 
6.5. Visually inspect trials and channels to identify and remove those showing exceeding noise 276 
or artifacts, regardless of the nature of the artefacts, using ft_rejectvisual.  277 
 278 
6.6. Reject trials and channels with z-scores above 3 by clicking zscore and selecting trials and 279 
channels exceeding the value of 3 or trials with excess variance by removing outliers showing 280 
after clicking var. Inspect the MEG signal for all the trials before or after this procedure.  281 
 282 
7. Source reconstruction 283 
 284 
7.1. Include both trial types to perform the source localization to obtain common linearly 285 
constrained minimum variance12 spatial filters in the beamforming procedure implemented in 286 
Fieldtrip. 287 
 288 
7.2. Band-pass filter the epoched data to the frequencies of interest, in this case between 1 and 289 
40 Hz. 290 
 291 
7.3. Select the time of interest to calculate the covariance matrix, in this case the 1 second 292 
prestimulus period. 293 
 294 
NOTE: The resulting data segments (selected between -1 to 0 s and 1 to 40 Hz) are used in all 295 
the following steps that require data input. 296 
 297 
7.4. Segment the brain and the scalp out of individual structural MR images with 298 
ft_volumesegment. If not available, use a standard T1 (from the statistical parametric mapping 299 
[SPM] toolbox) Montreal Institute of Neurology (MNI, Montreal, Quebec, Canada) brain scan 300 
instead. 301 
 302 
7.5. Create for each participant a realistic single-shell head model using ft_prepare_headmodel. 303 
 304 
7.6. On individual MR images, locate the fiducial landmarks by clicking on their location on the 305 
image to initiate a coarse co-registration with ft_volumerealign.  306 
 307 
7.7. Align the head shape points with the scalp for a finer co-registration. 308 



 309 
7.8 Prepare an individual 3D grid at 1.5 cm resolution based on the MNI template brain 310 
morphed into the brain volume of each participant with ft_prepare_sourcemodel. 311 
 312 
7.9. Compute the forward model for the MEG channels and the grid locations with 313 
ft_prepare_leadfield. Use the configuration fixedori to compute the leadfield for only one 314 
optimal dipole orientation. 315 
 316 
7.10. Calculate the covariance matrix of each trial and average it across all trials. 317 
 318 
7.11. Compute the spatial filters using the forward model and the average covariance matrix 319 
with ft_sourceanalysis. 320 
 321 
7.12. Multiply the sensor-level signal to the LCMV filters to obtain the time series for each 322 
source location in the grid and for each trial. 323 
  324 
8. Analyze pre-stimulus oscillatory power in region of interest 325 
  326 
8.1. Define a region of interest (ROI), for example from previous literature18 (here fusiform face 327 
area [FFA]; MNI coordinates: [28 -64 -4] mm). 328 
 329 
8.2. Single out the virtual sensor that spatially corresponds to the ROI, using ft_selectdata. 330 
 331 
8.3. Split face and vase trials using ft_selectdata. 332 
 333 
8.4. Perform a frequency analysis on the ROI, separately on the data from the two trial types, 334 
using ft_freqanalysis. 335 
 336 
8.5. Set the method option to mtmfft to perform a fast Fourier transform. 337 
 338 
8.6. Set the taper option to hanning to use a Hann function taper. 339 
 340 
8.7. Define the frequencies of interest from 1 Hz to 40 Hz. 341 
 342 
8.8. Set the output option to pow to extract power values from the complex Fourier spectra. 343 
 344 
8.9. Repeat the procedure for each participant before averaging the spectra across participants 345 
and plotting the resulting grand-averaged power values as a function of the frequencies of 346 
interest. 347 
 348 
9. Analyze pre-stimulus connectivity between regions of interest 349 
 350 
9.1. Define one (or more) ROI with which the previously selected ROI is hypothesized to be 351 
connected, for example from previous literature18 (here V1; MNI coordinates: [12 -88 0]). 352 



 353 
9.2. Repeat steps 8.2 and 8.3. 354 
 355 
9.3. Perform time-frequency analysis on both ROIs (represented as 2 channels or ‘virtual 356 
sensors’ within the same data structure), separately on the data from the two trial types, using 357 
ft_freqanalysis. 358 
 359 
9.4. Set the method to mtmconvol to implement a multitaper time-frequency transformation 360 
based on multiplication in the frequency domain. 361 
 362 
9.5. Set the taper option to dpss to use a discrete prolate spheroidal sequences function taper. 363 
 364 
9.6. Define the frequencies of interest from 8 Hz to 13 Hz. 365 
 366 
9.7. Set the width of the time window to 200 ms and the smoothing parameter to 4 Hz. 367 
 368 
9.8. Set the keeptrials option to yes to return the time-frequency estimates of the single trials. 369 
 370 
9.9. Set the output to fourier to return the complex Fourier spectra. 371 
 372 
9.10. Perform a connectivity analysis on the resulting time-frequency data using 373 
ft_connectivityanalysis. 374 
 375 
9.11. Set the method to coh and the complex field to imag to return the imaginary part of 376 
coherency19. 377 
 378 
9.12. Repeat the procedure for each participant before averaging the coherence spectra across 379 
frequencies and participants and plotting the resulting grand-averaged imaginary coherency 380 
values as a function of time. 381 
 382 
10. Statistically comparing the face and vase pre-stimulus power or coherence spectra 383 
  384 
10.1. Combine the pre-stimulus power or coherence data from each subject, within each of the 385 
2 conditions, into one Matlab variable using ft_freqgrandaverage with the option 386 
keepindividual set to yes. 387 
 388 
10.2. Perform a cluster-based permutation test20 comparing the 2 resulting variables using 389 
ft_freqstatistics. 390 
 391 
10.3. Set the method option to motecarlo. 392 
 393 
10.4. Set the frequency option to [8 13] and set avgoverfreq to yes. 394 
 395 
10.5. Set clusteralpha to 0.05 and set correcttail to alpha. 396 



 397 
10.6. Set the statistic option to ft_statfun_depsamplesT. 398 
 399 
10.7. Create a design matrix with a first row of 20 ones followed by 20 twos, and a second row 400 
of consecutive numbers from 1 to 20 repeated twice. Pass this design matrix to the design 401 
option. 402 
 403 
NOTE: The design matrix is divided in blocks of 20 because the data were collected from 20 404 
participants. 405 
 406 
10.8. Set the ivar option to 1 and the uvar option to 2. 407 
 408 
REPRESENTATIVE RESULTS:  409 
We presented the Rubin face/vase illusion to participants briefly and repeatedly and asked 410 
participants to report their percept (face or vase?) following each trial (Figure 1). Each trial was 411 
preceded by at least 1 s of a blank screen (with fixation cross); this was the pre-stimulus interval 412 
of interest. 413 
 414 
We asked whether pre-stimulus oscillatory power in regions of interest or pre-stimulus 415 
connectivity between regions of interest influenced the perceptual report of the upcoming 416 
ambiguous stimulus. Therefore, as a first step, we projected our data to source space such that 417 
we could extract signals from the relevant ROIs. 418 
 419 
Based on previous literature investigating face and object perception with both ambiguous21 420 
and unambiguous22 stimuli, we determined the FFA to be our ROI. We subsequently analyzed 421 
the low-frequency (1−40 Hz) spectral components of the FFA source signal and contrasted the 422 
spectral estimates from trials reported as ‘face’ with those from trials reported as ‘vase’. A 423 
cluster-based permutation test, clustering over the frequencies 1−40 Hz, contrasting spectral 424 
power on trials where people reported face vs vase, revealed no significant differences 425 
between the 2 trial types. Nevertheless, descriptively, the power spectra showed the expected 426 
oscillatory alpha band peak in the range of 8−13 Hz, and to a lesser extent beta band activity in 427 
the range of 13−25 Hz (Figure 2). 428 
 429 
Having found no differences in pre-stimulus spectral power, we next investigated whether 430 
there were differences in pre-stimulus connectivity between the trial types. In addition to FFA, 431 
we determined V1 to be our second ROI due to its ubiquitous involvement in vision. Based on 432 
the results of the power analysis, we determined the frequencies 8−13 Hz to be our frequencies 433 
of interest. We calculated the time- and frequency-resolved imaginary part of coherency 434 
between our two ROIs, separately for face and vase trials, and averaged the result across the 435 
frequencies of interest. This measure reflects synchrony of oscillatory phase amongst brain 436 
regions and conservatively controls against volume conduction effects in MEG reconstructed 437 
sources19, so it was the method of choice for assessing functional coupling. A cluster-based 438 
permutation test, clustering over the time-points -1 to 0 s, contrasting imaginary coherency 439 
between V1 and FFA on trials where people reported face vs vase, revealed that face trials had 440 
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stronger pre-stimulus connectivity compared to vase trials, around 700 ms prior to stimulus 441 
onset (Figure 3). 442 
 443 
FIGURE LEGENDS: 444 
 445 
Figure 1: Example trial structure and raw data. Bottom panel: A trial starts with the display of a 446 
fixation cross. After 1 to 1.8 s, the Rubin stimulus appears for 150 ms followed by a mask for 447 
200 ms. A response screen then appears to prompt participants to respond with ‘face’ or ‘vase’. 448 
Top panel: Multi-channel raw data from an example participant, time-locked to stimulus onset 449 
and averaged across trials. This is a schematic to highlight the data in the pre-stimulus analysis 450 
window (-1 s to 0 s; highlighted in pink), which will be the target interval for analysis. 451 
 452 
Figure 2: Spectral power in FFA. Spectral power estimates from source-localized FFA signals on 453 
face and vase trials. 454 
 455 
Figure 3: Connectivity between V1 and FFA. Imaginary part of coherency between source-456 
localized V1 and FFA signals on face and vase trials, in the frequency range of 8−13 Hz. Shaded 457 
regions represent the standard error of the mean for within-subjects designs23. 458 
 459 
DISCUSSION: 460 
Presenting a unique stimulus which can be interpreted as more than one object over time, but 461 
as only one object at any given time, allows for investigating pre-stimulus effects on object 462 
perception. In this way one is able to relate pre-stimulus brain states to subjective reports of 463 
the perceived objects. In a laboratory setting, ambiguous images which can be interpreted in 464 
one of two ways, such as the Rubin vase illusion, provide an optimal case which allows for 465 
straightforward contrasts of brain activity between two trial types: those perceived one way 466 
(e.g., ‘face’) and those perceived the other way (e.g., ‘vase’).  467 
 468 
Presenting these stimuli briefly (<200 ms) ensures that people see and subsequently report only 469 
one of the two possible interpretations of the stimulus on a given trial. Counterbalancing 470 
(randomly alternating) between the black vase/white faces and white vase/black faces versions 471 
of the stimulus across participants reduces the influence of low-level stimulus features on the 472 
subsequent analysis. Presenting a mask immediately after the stimulus prevents after-images 473 
from forming and biasing participants’ responses. Because analyzing the period after stimulus 474 
onset is not of interest, no matching between low frequency features of the stimulus and mask 475 
is required. Finally, alternating the response buttons across participants (e.g., left for vase, right 476 
for face, or vice versa) prevents activity due to motor preparation from factoring into the 477 
contrasts. 478 
 479 
Given the millisecond resolution of MEG, a pre-stimulus interval of as short as 1 s is sufficient to 480 
estimate measures such as spectral power and connectivity. Given the short duration of each 481 
resulting trial, a large number of trials can be accommodated in an experimental session, 482 
ensuring a high signal-to-noise ratio when averaging MEG signals across trials.  483 
 484 



Specific category-sensitive regions of interest have been shown to be active during object 485 
perception24,25. For example, FFA is widely reported to be involved in face perception22. To 486 
investigate the effects of measured activity stemming from specific sources, one can source-487 
reconstruct MEG data. To investigate connectivity between sources, source reconstruction is 488 
necessary. To facilitate source data analysis, single-trial source-level data can be represented by 489 
‘virtual sensors’. Representing the data in this way enables one to analyze single-trial source 490 
data in the exact same way in source space and sensor space (that is, using the same analysis 491 
functions, for example using the Fieldtrip toolbox). This then enables testing hypotheses about 492 
the activity of specified regions of interests in a straightforward manner. 493 
 494 
While pre-stimulus oscillatory power has been shown to influence stimulus detection near 495 
perceptual threshold (perceived vs not perceived), whether it influences the content of what is 496 
seen is less known. Here we contrasted pre-stimulus oscillatory power in FFA between trials on 497 
which people reported face vs vase, and found no statistical differences. We subsequently 498 
tested whether the connectivity between V1 and FFA influences the upcoming perceptual 499 
report, and found that face trials were preceded by enhanced connectivity between V1 and FFA 500 
in the alpha frequency range around 700 ms prior to stimulus onset. That we found no effect in 501 
alpha power, but rather in connectivity in the alpha band, suggests that while pre-stimulus 502 
alpha power might influence stimulus detection7,8, it does not necessarily influence object 503 
categorization. Our results therefore show that for a more complete understanding of the 504 
oscillatory dynamics preceding object perception and their subsequent influence on object 505 
perception, simply analyzing oscillatory power in regions of interest is not sufficient. Rather, 506 
connectivity between regions of interest must be taken into account, as the ongoing 507 
fluctuations in the strength of these connections can bias subsequent perception18. Finally, 508 
despite the less-than-optimal spatial resolution of MEG, our protocol demonstrates that one is 509 
able to clearly identify regions of interest and investigate their relationships. MEG can 510 
supersede Electroencephalography (EEG) because it offers superior spatial resolution, and can 511 
supersede function MRI because it offers superior temporal resolution. Therefore, MEG 512 
combined with source reconstruction is ideally suited to investigate fast and localized neural 513 
processes. 514 
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Version
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Elekta standard data analysis software including MaxFilter release 2.2 

MEG recoding PC and software

5 Head Position Indicator (HPI) coils 

306-channel magnetoencephalograph system

3D head digitization system

Projector and data acquisition system

MEG-compatible response collection handheld control pad system

MEG-compatible rear projection screen with frame and stand
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psychtoolbox.org



ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 

 

 

License Agreement

Detecting pre-stimulus source-level effects on object 
perception with magnetoencephalography
Elie Rassi, Marco Fuscà, Nathan Weisz, Gianpaolo Demarchi

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement Signed.pdf

Elie  El Rassi


Elie  El Rassi


https://www.editorialmanager.com/jove/download.aspx?id=1046323&guid=cbeee7fe-1d58-4fc0-982a-c62cbbc6f70e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1046323&guid=cbeee7fe-1d58-4fc0-982a-c62cbbc6f70e&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 
 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 





Dear Editor,  

thank you for handling our manuscript and for the constructive reviews. We have revised the 

manuscript and addressed all comments raised by yourself and the reviewers. The edits in the 

revised manuscript are tracked in ‘track changes’ mode. Please find below our point-by-point 

responses to the comments. 

Best regards, 

The Authors 

  

Click here to access/download;Rebuttal Letter;Jove
_rebuttal_letter.docx

https://www.editorialmanager.com/jove/download.aspx?id=1046321&guid=a64d4a42-a279-41b6-afe0-5469b6920198&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1046321&guid=a64d4a42-a279-41b6-afe0-5469b6920198&scheme=1


Editorial comments: 

 

“Changes to be made by the author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the 

submitted revision may be present in the published version. 

We have proof-read the manuscript. 

 

2. Authors and affiliations: Please provide an email address for each author. 

We have included all coauthor emails under ‘Authors & affiliations’. 

 

3. Long Abstract: Please rephrase to more clearly state the goal of the protocol and include an 

overview of the method and a summary of its advantages, limitations, and applications. 

We have rephrased the long abstract to include an overview of the methods, its advantages, 

limitations, and applications. 

 

“Magnetoencephalography (MEG) is a neurophysiological measurement technique that records 

magnetic signals emitted as a result of brain activity.” 

 

“The spatial resolution of MEG is not excellent, but sufficient to localise sources of brain activity at the 

centimetre scale.” 

 

“The described protocol enables a better understanding of the influence of spontaneous, ongoing 

brain activity on visual perception.” 

 

4. Please include an ethics statement before the numbered protocol steps, indicating that the protocol 

follows the guidelines of your institution’s human research ethics committee. 

We have included the ethics statement at the end of the introduction (before the protocol): 

 

“The described protocol follows the guidelines of the human research ethics committee at the 

University of Salzburg, and is in accordance with the Declaration of Helsinki.” 

5. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or 

colloquial phrases. 

We have revised the protocol text to avoid the usage of personal pronouns or informality. 

6. Please revise the Protocol to contain only action items that direct the reader to do something (e.g., 

“Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete 

sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” 

throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a 

“NOTE.” Please include all safety procedures and use of hoods, etc. However, notes should be used 

sparingly and actions should be described in the imperative tense wherever possible. 



We have revised the protocol to include only action items. 

7. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. Please 

remove all commercial language from your manuscript and use generic terms instead. All commercial 

products should be sufficiently referenced in the Table of Materials. You may use the generic term 

followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. 

Examples of commercial sounding language in your manuscript are: PROPixx, VPixx, Elekta Neuromag 

Triux, Elekta Oy, Polhemus FASTRAK, etc. 

We have removed the commercial language. 

8. For actions involving software usage, please provide all specific details (e.g., button clicks, software 

commands, any user inputs, etc.) needed to execute the actions. 

We have included all details necessary to execute software actions. 

9. Please include single line spacing between each numbered step or note in the protocol. 

We have included single line spacing between items. 

10. After you have made all the recommended changes to your protocol section (listed above), please 

highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and 

spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical 

steps to be filmed. Our scriptwriters will derive the video script directly from the highlighted text. 

11. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted 

steps form a cohesive narrative with a logical flow from one highlighted step to the next. The 

highlighted text must include at least one action that is written in the imperative voice per step. Notes 

cannot usually be filmed and should be excluded from the highlighting. 

We have highlighted the relevant parts. 

12. Please revise the Protocol to contain only action items that direct the reader to do something 

(e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in 

complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and 

“would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be 

added as a “NOTE.” Please include all safety procedures and use of hoods, etc. However, notes should 

be used sparingly and actions should be described in the imperative tense wherever possible. Please 

move the discussion about the protocol to the Discussion. 

We have revised the protocol to include only action items. We have moved discussion points to the 

discussion section. 

13. Figure 3: Please change “.05” to “0.05”. 

We have changed .05 to 0.05 in Figure 3. 

14. Table of Materials: Please remove the registered (®) symbol. Please sort the items in alphabetical 

order according to the name of material/equipment.” 

We have removed the symbol and sorted the items in alphabetical order. 



Reviewer 1 comments: 

 

“Minor Concerns: 

the discussion is poor, does not provide a discussion of the methodological choices (amongst the 

multiple ways to characterise functional connectivity, why choose this one? amongst multiple regions 

of interest, why choose these ones?) or the theoretical implications (what does the results mean or 

how does it fit within a broader picture about the role of alpha oscillations etc). I set this as minor 

because I expect the authors will be able to address this easily” 

 

Our response: 

 

We thank the reviewer for their interest in our protocol. As per the reviewer’s suggestion, in the 

revised manuscript we have discussed methodological choices and theoretical implications more 

thoroughly. Please note that we opted not to go into too much detail in interpreting the results 

theoretically (e.g. with respect to the role of alpha oscillations) because that is the subject of the 

main article on which this methods article is based.  

 

Methodological 

“Presenting these stimuli briefly (< 200 ms) ensures that people see and subsequently report only one 
of the two possible interpretations of the stimulus on a given trial. Counterbalancing (randomly 
alternating) between the black vase / white faces and white vase / black faces versions of the 
stimulus across participants reduces the influence of low-level stimulus features on the subsequent 
analysis. Presenting a mask immediately after the stimulus prevents after-images from forming and 
biasing participants’ responses. Because analyzing the period after stimulus onset is not of interest, 
no matching between low frequency features of the stimulus and mask is required. Finally, 
alternating the response buttons across participants (e.g. left for vase, right for face, or vice versa) 
prevents activity due to motor preparation from factoring into the contrasts.” 
 
Theoretical 
“That we found no effect in alpha power, but rather in connectivity in the alpha band, suggests that 
while pre-stimulus alpha power might influence stimulus detection7,8, it does not necessarily influence 
object categorization. Our results therefore show that for a more complete understanding of the 
oscillatory dynamics preceding object perception and their subsequent influence on object perception, 
simply analyzing oscillatory power in regions of interest is not sufficient. Rather, connectivity between 
regions of interest must be taken into account, as the ongoing fluctuations in the strength of these 
connections can bias subsequent perception.” 
  



Reviewer 2 comments: 

 
“Protocol 
1.2 - Be clear about the color inversion scheme. Can you describe the exact procedures that were used 
to invert the colors? 
1.3 - What exact procedures should be used for the scrambling of the images? What block size was 
used? 
1.4 - What is the size of the fixation cross? 
2.2 - Can you describe how codes might be sent on a non-Elekta system? Are the codes sent via 
parallel port? 
3.7 - Additional guidance on the digitization of the head would be useful. Are there areas of the head 
which should be focused on to increase coregistration fit? 
3.9-3.11 - Can the authors be more precise about procedures for attaching the electrodes? Where, 
precisely, should the electrodes be placed? Should impedance be measured? If so, impedance range is 
acceptable? 
3.19 - How are the yellow/green buttons positioned? Are they right-left button presses for those 
without an identical button box? 
4.3-4.6 - Can the authors re-word this so that a single trial is explained in better detail? Does the mask 
always follow the Rubin image? 
4.9 - Are participants allowed to move during the rest period? 
5 - What about head localization? Is it performed at the beginning of each run? At the end of each 
run? Is continuous head localization acquired? What sampling rate is the data collected at? 
6.1 - What specific parameters did the authors use for signal space separation? 
6.5 - What values did the authors use to detect excessive noise? What specific artifacts were removed 
from the timeseries? 
7.9 - 7.12 - Are these computed over the 1s prestimulus period? Are they calculated over 1-40 Hz? 
8.1 - What region of interest did the authors use explicitly? How was it defined? 
9.1 - How were V1 and FFA defined? 
9.3 - Make sure line 265 reads "ft_freqanalysis" 
Number under section 10 is not maintained. Should be 10.1, 10.2, 10.3. 
10.1 - What is the structure for the new Matlab variable? 
10.2 - What specific parameters were used for cluster-based permutation testing by the authors? 
Discussion line 360 - unclear what the authors are conveying here: "Specific category-sensitive regions 
of interest have been shown to be actively ? in object perception." 
 
Our response: 
 
We thank the reviewer for their careful consideration of our article. We revised the manuscript and 

clarified many points following the suggestions. We included the software used in the ‘Table of 

Materials’ and added specific software commands. We have illustrated methodological and 

theoretical implications more comprehensively. 

 

 
1.2 We have now specified the color inversion scheme. 
 

“1.2.            Use the Matlab command ‘∼’ to invert the original black and white binary Rubin image to 
create a second Rubin face/vase negative image with the black and white colors flipped with respect 
to the original image (white background instead of black background) This will be shown to the other 
half of the participants.” 
 
1.3 We have now specified the image scrambling procedure. 
 



“1.3.            Create a mask by randomly scrambling blocks of pixels of the Rubin image. Divide the 
image in square blocks that are small enough to hide obvious contour features, for example between 
2% and 5% of the size of the original image (5 by 5 pixels out of an image of 250 by 250), then 
randomly shuffle them to create the mask.” 
 

1.4 We have now specified the size of the fixation cross. 

 

“1.4.            Create a black fixation cross on a white background, such that the fixation cross is smaller 
than the Rubin image (less than 5° of visual angle)” 
 
2.2 We have removed brand-specific terminology (as the journal does not allow it) for this point and 
rewrote in a more generic way. Our setup depends on the VPixx and Elekta systems, but any lab-
specific setup with easily available hardware would work for this experiment, with communication 
going through parallel or USB ports or through USB-to-Parallel converters. 
 
3.7 We have now included more details about head digitization. 
 
“3.7    Digitize up to 300 points along the scalp and maximize the coverage of the head shape. Cover 
the well-defined areas of the scalp on MR images, above the inion on the back and the nasion on the 
front, as well as the nasal bridge. “ 
 
3.9-3.11 We have now included more details about attaching the electrodes. 
 
“3.9    Attach disposable electrodes above (superciliary arch) and below (medial to the zygomatic 
maxillary bone) the right eye to monitor vertical eye movements. 
 
3.10  Attach disposable electrodes to the left of the left eye and to the right of the right eye (dorsal 
to the zygomatic maxillary bone) to monitor horizontal eye movements. 
 
3.11  Attach disposable electrodes below the heart and below the right collarbone to monitor heart 
rate.  
NOTE: The eyes and the heart signals are relatively robust, so checking the disposable electrodes’ 
impedance is not necessary.” 
 
3.19 We have now clarified that the buttons are left/right and their color does not matter. 
 
“3.19 Alternate the response buttons across participants (e.g. right for faces, left for vase, or vice 
versa). 
NOTE: The color of response buttons does not matter.” 
 
4.3-4.6 We have now added detail to this section and made clear that all events within a trial occur 
on all trials in the same order. 
 
“4.2    Create a single trial with 4 events which will apply to all trials in this order: fixation cross, 
Rubin image, mask, and response prompt (Figure 1). 
 
4.3    At the beginning of each trial, display the fixation cross for a variable time period between 1 
and 1.8 sec. 
 
4.4    At the end of that time period, remove the fixation cross and display the Rubin image for 150 
ms. 
 



4.5    At the end of the 150 ms, remove the Rubin image and display the mask for 200 ms. 
 
4.6    At the end of the 200 ms, remove the mask and display a question to prompt participants to 
respond with a maximum response deadline of 2 sec.” 
 
4.9 We have now clarified that participants are allowed to move their limbs but not their head. 
 
“5.4    In between blocks, communicate with the participant through the speaker system to make 
sure they are well and ready to continue, and instruct them to move their limbs if they wish, but not 
their head.” 
 
5. We have now clarified that head position measurements are made at the beginning of each run. 
 
“5.2 At the beginning of each block, before the task starts, start measuring MEG data and record 
the initial position of the participants’ head position with respect to the MEG. In the MEG system 
used, click ’GO’ to start. When a dialog asks if the HPI data is to be omitted or added to the recording, 
inspect the HPI coils signal, and click ‘Accept’ to record that initial head position. After that, click 
‘Record raw’ to start recording MEG data.” 
 
6.1 We have now clarified that default settings were used. 
 
“6.1    Use the signal space separation algorithm implemented in the Maxfilter program (provided 
by the MEG manufacturer) with default parameter values to remove external noise from the 
continuous MEG signals.” 
 
6.5 We have now specified the values used for artefact rejection and that artefacts were removed 
regardless of their nature. 
 
“6.5    Visually inspect trials and channels to identify and remove those showing exceeding noise or 
artifacts, regardless of the nature of the artefacts, using ft_rejectvisual.  
 
6.6  Reject trials and channels with z-scores above 3 by clicking ‘zscore’ and selecting trials and 
channels exceeding the value of 3 or trials with excess variance by removing outliers showing after 
clicking ‘var’. Inspect the MEG signal for all the trials before or after this procedure.” 
 
7.9-7.12 We have now specified that these were computed over the 1s prestimulus interval and 1 – 
40 Hz. 
“NOTE: The resulting data segments (selected between -1 to 0 s and 1 to 40 Hz) are used in all the 
following steps that require data input.” 
 
8.1,9.1 We have now specified the MNI coordinates of the ROIs and cited where we got them from. 
 
“8.1    Define a region of interest (ROI), for example from previous literature18 (here FFA; MNI 
coordinates: [28 -64 -4] mm). 
 
9.1 Define one (or more) ROI with which the previously selected ROI is hypothesized to be 
connected, for example from previous literature18 (here V1; MNI coordinates: [12 -88 0]).” 
 
9.3 We thank the reviewer for pointing out the typo and the section 10 number maintenance. 
 
10.1 We have now specified how to build the variable. 
 
“10.1    Combine the pre-stimulus power or coherence data from each subject, within each of the 2 



conditions, into one Matlab variable using ft_freqgrandaverage with the option ‘keepindividual’ set to 
‘yes’.” 
 
10.2 We have now specified all parameters used for the cluster testing. 
 
“10.2    Perform a cluster-based permutation test19 comparing the 2 resulting variables using 
ft_freqstatistics. 
 
10.3  Set the method option to ‘motecarlo’. 
 
10.3 Set the frequency option to [8 13] and set ‘avgoverfreq’ to ‘yes’. 
 
10.4 Set ‘clusteralpha’ to 0.05 and set ‘correcttail’ to ‘alpha’. 
 
10.5 Set the statistic option to ‘ft_statfun_depsamplesT’. 
 
10.6 Create a design matrix with a first row of 20 ones followed by 20 twos, and a second row of 
consecutive numbers from 1 to 20 repeated twice. Pass this design matrix to the ‘design’ option. 
NOTE: The design matrix is divided in blocks of 20 because the data were collected from 20 
participants. 
 
10.7 Set the ‘ivar’ option to 1 and the ‘uvar’ option to 2.” 
 
Discussion line 360. We thank the reviewer for pointing out this typo. We have now fixed this to 
read: 
 
“Specific category-sensitive regions of interest have been shown to be active during object 
perception” 

 
 
 
 
 
 
 
 

https://www.zotero.org/google-docs/?vrSfcV

