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SUMMARY:  23 
In this paper, we present a protocol to investigate differential cortical visual evoked potential 24 
morphological patterns through stimulation of ventral and dorsal networks using high-density 25 
EEG. Visual object and motion stimulus paradigms, with and without temporal jitter, are 26 
described. Visual evoked potential morphological analyses are also outlined.   27 
 28 
ABSTRACT:  29 
This paper presents a methodology for the recording and analysis of cortical visual evoked 30 
potentials (CVEPs) in response to various visual stimuli using 128-channel high-density 31 
electroencephalography (EEG). The specific aim of the described stimuli and analyses is to 32 
examine whether it is feasible to replicate previously reported CVEP morphological patterns 33 
elicited by an apparent motion stimulus, designed to simultaneously stimulate both ventral and 34 
dorsal central visual networks, using object and motion stimuli designed to separately stimulate 35 
ventral and dorsal visual cortical networks.  Four visual paradigms are presented: 1. Randomized 36 
visual objects with the consistent temporal presentation. 2. Randomized visual objects with 37 
inconsistent temporal presentation (or jitter).  3. Visual motion via a radial field of coherent 38 
central dot motion without jitter.  4. Visual motion via a radial field of coherent central dot 39 
motion with jitter.  These four paradigms are presented in a pseudo-randomized order for each 40 
participant.  Jitter is introduced in order to view how possible anticipatory-related effects may 41 
affect the morphology of the object-onset and motion-onset CVEP response.  EEG data analyses 42 
are described in detail, including steps of data exportation from and importation to signal 43 
processing platforms, bad channel identification, and removal, artifact rejection, averaging, and 44 
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categorization of average CVEP morphological pattern type based upon latency ranges of 45 
component peaks. Representative data show that the methodological approach is indeed 46 
sensitive in eliciting differential object-onset and motion-onset CVEP morphological patterns and 47 
may, therefore, be useful in addressing the larger research aim. Given the high temporal 48 
resolution of EEG and the possible application of high-density EEG in source localization analyses, 49 
this protocol is ideal for the investigation of distinct CVEP morphological patterns and the 50 
underlying neural mechanisms which generate these differential responses.       51 
 52 
INTRODUCTION:   53 
Electroencephalography (EEG) is a tool that offers an inexpensive and non-invasive approach to 54 
the study of cortical processing, especially when compared to cortical assessment methods such 55 
as functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and 56 
diffusion tensor imaging (DTI)1. EEG also provides high temporal resolution, which is not possible 57 
to attain when using measures such as fMRI, PET, or DTI2. High temporal resolution is critical 58 
when examining central temporal function in order to obtain millisecond-precision of 59 
neurophysiologic mechanisms related to the processing of specific input or events.  In the central 60 
visual system, cortical visual evoked potentials (CVEPs) are a popular approach in studying time-61 
locked neural processes in the cerebral cortex.  CVEP responses are recorded and averaged over 62 
a number of event trials, resulting in peak components (e.g., P1, N1, P2) arising at specific 63 
millisecond intervals. The timing and amplitude of these peak neural responses can provide 64 
information concerning cortical processing speed and maturation, as well as deficits in cortical 65 
function3-5.   66 
 67 
CVEPs are specific to the type of visual input presented to the viewer. Using certain stimuli in a 68 
CVEP paradigm, it is possible to observe the function of distinct visual networks such as the 69 
ventral stream, involved in processing form and color, or parvocellular and magnocellular input6-70 
8, and the dorsal stream, which largely processes motion or magnocellular input9,10. CVEPs 71 
generated by these networks have been useful not only in better understanding typical 72 
neurophysiologic mechanisms underlying behavior but also in the targeted treatment of atypical 73 
behaviors in clinical populations. For example, delayed CVEP components in both dorsal and 74 
ventral networks have been reported in children with dyslexia, which suggests that visual 75 
function in both these networks should be targeted when designing an intervention plan11.  Thus, 76 
CVEPs recorded via EEG offer a powerful clinical tool through which to assess both typical and 77 
atypical visual processes.  78 
 79 
In a recent study, high-density EEG was used to measure the apparent motion-onset CVEPs in 80 
typically developing children, with the goal of examining variable CVEP responses and related 81 
visual cortical generators across development. Participants passively viewed apparent motion 82 
stimuli12-15, which consisted of both shapes change and motion, and designed to simultaneously 83 
stimulate dorsal and ventral streams. It was found that approximately half of the children 84 
responded with a CVEP waveform shape, or morphology, consisting of three peaks (P1-N1-P2, 85 
pattern A).  This morphology is a classic CVEP response observed throughout the literature. In 86 
contrast, the other half of the children presented with a morphological pattern comprised of five 87 
peaks (P1-N1a-P2a-N1b-P2b, pattern B). To our knowledge, the robust occurrence and 88 



 

comparison of these morphological patterns have not previously been discussed in CVEP 89 
literature in either child or adult populations, although variable morphology has been noted in 90 
both apparent-motion and motion-onset CVEPs14,16. Furthermore, these morphological 91 
differences would not have been apparent in research using other cortical functional assessment 92 
methods, such as fMRI or PET, due to the low temporal resolution of these measures. 93 
 94 
To determine the cortical generators of each peak in CVEP patterns A and B, source localization 95 
analyses were performed, which is a statistical approach used to estimate the most likely cortical 96 
regions involved in the CVEP response12,13. For each peak, regardless of the morphological 97 
pattern, primary and higher-order visual cortices were identified as sources of the CVEP signal.  98 
Thus, it appears that the main difference underlying CVEP morphology elicited by apparent 99 
motion is that those with pattern B activate visual cortical regions additional times during 100 
processing. Because these types of patterns have not been previously identified in the literature, 101 
the purpose of the additional visual processing in those with CVEP pattern B remains unclear.  102 
Therefore, the next aim in this line of research is to gain a better understanding of the cause of 103 
the differential CVEP morphology and whether such patterns may relate to visual behavior in 104 
both typical and clinical populations.  105 
 106 
The first step in understanding why some individuals might demonstrate one CVEP morphology 107 
versus another is to determine whether these responses are intrinsic or extrinsic in nature.  In 108 
other words, if an individual demonstrates one pattern in response to a visual stimulus, will they 109 
respond with a similar pattern to all stimuli?  Or is this response stimulus-dependent, specific to 110 
the visual network or networks activated? 111 
 112 
To answer this question, two passive visual paradigms were designed, intended to separately 113 
activate specific visual networks. The stimulus presented in the initial study was designed to 114 
stimulate both dorsal and ventral streams simultaneously; thus, it was unknown if one or both 115 
networks were involved in generating specific waveform morphology. In the current 116 
methodological approach, the paradigm designed to stimulate the ventral stream is composed 117 
of highly identifiable objects in basic shapes of squares and circles, eliciting object-onset CVEPs. 118 
The paradigm designed to stimulate the dorsal stream consists of visual motion via a radial field 119 
of coherent central dot motion dots at a fixed speed toward a fixation point, eliciting motion-120 
onset CVEPs.  121 
 122 
A second question that arose as a result of the initial study was whether differential VEP 123 
morphology could be due to participant anticipation of upcoming stimuli13. For instance, research 124 
has shown that top-down cortical oscillatory activity occurring prior to a target stimulus may 125 
predict subsequent CVEP and behavioral responses to some degree17-19. The apparent motion 126 
paradigm in the first study employed non-randomized frames of a radial star and circle with 127 
consistent inter-stimulus intervals (ISIs) of 600 ms. This design may have encouraged the 128 
expectation and prediction of the upcoming stimulus, with resulting oscillatory activity affecting 129 
later apparent motion-onset CVEP morphology12,13,19.   130 
 131 
To address this issue, the visual object and motion paradigms in the current protocol are designed 132 



 

with both consistent ISIs of the same temporal value and randomized ISIs with different temporal 133 
values (i.e., jitter).  Using this approach, it may be possible to determine how temporal variation 134 
can affect VEP morphology within distinct visual networks. Altogether, the aim of the described 135 
protocol is to determine if the visual object and motion stimuli would be sensitive to variations 136 
in CVEP morphology and whether the temporal variation of stimuli presentation would affect 137 
characteristics of the CVEP response, including peak latency, amplitude, and morphology. For the 138 
purpose of the current paper, the goal is to determine the feasibility of the methodological 139 
approach. It is hypothesized that both visual objects and motion may elicit variable morphology 140 
(i.e., patterns A and B will be observed across subjects in response to both stimuli) and that 141 
temporal variation would affect object-onset and motion-onset CVEP components.  142 
 143 
PROTOCOL:  144 
 145 
All methods described here have been approved by the Institutional Review Board (IRB) for 146 
Human Research at the University of Texas at Austin. 147 
 148 
1. Stimuli characteristics 149 
 150 
1.1 Create object stimuli using open source images available through the Bank of Standardized 151 
Stimuli (BOSS). This database consists of standardized images used throughout visual cognitive 152 
experiments.  Download four images (e.g., ball02, book01a, brick, button03) with a high rate of 153 
identification (above 75%)20,21.   154 
 155 
1.2 Create motion stimuli using a modified version of the DotDemo script, which is available 156 
through the open source Psychtoolbox-3 set of functions operated via MATLAB, as well as the 157 
movie function available in MATLAB (see the Supplementary File). 158 
 159 
1.2.1 Configure the dot field parameters according to the size of the presentation screen and 160 
viewing distance.   161 
 162 
1.2.2 Enter 3600 for the number of movie frames.  163 
 164 
1.2.3 Enter 80 (in cm) for monitor width. 165 
 166 
1.2.4 Enter dot speed at 5°/s. 167 
 168 
1.2.5 Enter a dot limited lifetime fraction of 0.05. 169 
 170 
1.2.6 Enter 200 for the number of dots. 171 
 172 
1.2.7 Enter the minimum radius of the field annulus as 1° and the maximum as 15°.   173 
 174 
1.2.8 Enter 0.2° for the width of each dot. 175 
 176 



 

1.2.9 Enter 0.35° for the radius of the fixation point. 177 
 178 
1.2.10 Specify that white dots are used on a black background. 179 
 180 
1.2.11 Export the movie in .avi format. 181 
 182 
2 Visual paradigm design 183 
 184 
2.1 Create paradigms via stimulus-presentation software. Generate fixation crosses with Courier 185 
New size 18 font, bold, and centered on the presentation screen. 186 
 187 
2.2 Design the visual object paradigm without temporal jitter (i.e., consistent ISI values) by 188 
creating a black fixation cross on a white background presented for 500 ms, followed by one of 189 
four objects presented in randomized order: ball, book, brick, or button.   190 
 191 
2.2.1 Present each object for 600 ms (Figure 1A).  Show all objects 75 times, for a total of 300 192 
trials and a paradigm duration of 5.5 min.   193 
 194 
2.3 Design the visual object paradigm with temporal jitter to consist of the same black fixation 195 
cross on a white background, shown for a period of 500 or 1000 ms and followed by one of the 196 
four objects, lasting for 600 or 1000 ms (Figure 1B).   197 
 198 
2.3.1 Create four trials using stimulus-presentation software: a fixation cross with a duration of 199 
500 ms, followed by an object for 600 ms; a fixation cross with a duration of 500 ms, followed by 200 
an object for 1000 ms; a fixation cross with a duration of 1000 ms, followed by an object for 600 201 
ms; and a fixation cross with a duration of 1000 ms followed by an object for 1000 ms.   202 
 203 
2.3.1.1 Randomize these trials. Present each trial 19 times, culminating in 304 trials and resulting 204 
in a viewing time of approximately 7.85 minutes. 205 
 206 
2.4 Create the visual motion paradigm without temporal jitter by generating a white fixation 207 
cross centered on a black background, lasting for 500 ms, followed by the visual motion movie, 208 
which is truncated to present for approximately 1000 ms (Figure 2A).  209 
 210 
2.4.1 Repeat this sequence a total of 300 times, for a viewing duration of approximately 7.5 min.   211 
 212 
2.5 Create the visual motion paradigm with temporal jitter using the same fixation cross, lasting 213 
for intervals of 500, 750, or 1000 ms.   214 
 215 
2.5.1 After each fixation cross, present the visual motion movie with a duration of approximately 216 
600 or 1000 ms (Figure 2B).   217 
 218 
2.5.2 Create six trials: A fixation cross with a duration of 500 ms, followed by a movie for 600 ms, 219 
a fixation cross with a duration of 750 ms, followed by a movie for 600 ms, a fixation cross with 220 



 

a duration of 1000 ms, followed by a movie for 600 ms, a fixation cross with a duration of 500 ms 221 
followed by a movie for 1000 ms, a fixation cross with a duration of 750 ms followed by a movie 222 
for 1000 ms and a fixation cross with a duration of 1000 ms followed by a movie for 1000 ms.   223 
 224 
2.5.2.1 Randomize these trials, with each shown 50 times.  Present a total of 300 trials, for a 225 
viewing period of approximately 7.75 min. 226 
 227 
3 Participant Consent, Case History, and Vision Screening 228 
 229 
3.1 Greet the participant on arrival. Obtain informed consent by presenting the participant with 230 
a consent for participation in research form. Explain the consent form to the participant and 231 
answer any questions that arise. 232 
 233 
3.2 Have the participant fill out a case history form that includes information on native language, 234 
handedness, hearing status, vision status, and other diagnoses the participant may have (e.g., 235 
psychological and neurological). Exclude participants who report the hearing loss and/or 236 
neurological diagnoses, such as traumatic brain injury.  Include all other participants. 237 
 238 
3.3 Escort the participant out of the lab to complete a vision screening using a Snellen chart to 239 
determine visual acuity. Have the participant stand 20 feet away from the chart and begin by 240 
covering his or her left eye to determine right eye visual acuity, and then switch eyes to 241 
determine left eye visual acuity. Calculate visual acuity based on the smallest line of text that the 242 
participant can repeat at least one more than half of the total number of letters.  243 
 244 
NOTE: For example, if the participant repeats 5 of the 8 letters on the 20/20 line, the participant 245 
is calculated as 20/20 visual acuity for that eye. 246 
 247 
3.4 Escort the participant into the EEG recording room. Have the participant sit in the designated 248 
chair in the center of a double-walled magnetic-shielded soundproof booth.   249 
 250 
4 EEG Preparation 251 
 252 
4.1 Measure the head circumference of the participant in centimeters and select the appropriate 253 
EEG net size. Measure and mark the midpoint of the scalp (midway between nasion/inion and 254 
right and left mastoids) for the placement of the reference electrode. 255 
 256 
4.2 Prepare a solution of warm water (1 L) mixed with baby shampoo (5 mL) and potassium 257 
chloride (11 g/10 cc), which increases the electrical conductance between the electrodes and 258 
scalp, leading to lower voltage impedances and an increased signal-to-noise ratio. 259 
 260 
4.3 Place the EEG net in the solution. Allow the net to soak in the solution for 5 min before placing 261 
on the participant’s scalp. 262 
 263 
4.4 Turn on the stimulus-presentation computer and the EEG acquisition computer. Check the 264 



 

impedance values. 265 
 266 
4.5 Place a towel or other absorbent material around the participant’s neck to prevent the 267 
solution from dripping onto his or her clothes.  268 
 269 
4.6 Connect the EEG net to the amplifier. Instruct the participant to close his or her eyes when 270 
putting on the EEG net to prevent the solution from dripping into his or her eyes. 271 
 272 
4.7 Firmly grip the EEG net with both hands and spread into place onto the participant’s head. 273 
Ensure that the net is placed symmetrically on the scalp head, with the reference electrode at 274 
the scalp midline point that was measured. Tighten the chin and ocular net lines to ensure a 275 
secure connection between the scalp and electrodes. Ask the participant if he or she is 276 
comfortable and if anything needs to be adjusted. 277 
 278 
4.8 Check for the proper electrode impedance values, with an average target of 10 kOhms. 279 
 280 
4.9 To reduce impedance values following the placement of the electrode net, use a 1 mL pipette 281 
to apply the potassium chloride solution onto the scalp/electrodes that have a high impedance. 282 
Continue this process until adequate impedances values across the electrodes are achieved.  283 
 284 
5 EEG Recording 285 
 286 
5.1 Instruct the participant to focus on the visual stimuli that will appear on the monitor. The 287 
viewing distance is approximately 65 inches. 288 
 289 
5.2 Use a pseudorandom number generator to determine the order of presentation for the four 290 
visual paradigms.  291 
 292 
5.3 Begin the visual tasks and EEG recording. 293 
 294 
5.4 Monitor the EEG recording as necessary. If ongoing EEG shows high myogenic or 60 Hz 295 
activity. Pause the experiment to recheck electrode-scalp connectivity. 296 
 297 
5.5 Repeat steps 5.3 and 5.4 for the visual object paradigm, the visual object with the temporal 298 
jitter paradigm, the visual motion paradigm, and the visual motion with temporal jitter paradigm. 299 
 300 
5.6 At the conclusion of the experiment, instruct the participant to close his or her eyes in order 301 
to prevent the solution from entering his or her eyes when removing the net. Begin by loosening 302 
the chin and ocular net lines, then remove the net by gently pulling the chin strap up and over 303 
the participant’s head, making sure to pull slowly to ensure the net will not get tangled in the 304 
participant’s hair.  305 
 306 
5.7 Disconnect the EEG net from the amplifier. Begin the disinfection process by placing the EEG 307 
cap in and out of a bucket filled with water and rinsing under a faucet. Then, create the 308 



 

disinfectant solution by adding approximately 2 l of water to the disinfectant bucket and mixing 309 
15 ml of disinfectant with the water.  310 
 311 
5.8 Immerse the sensor end of the net in the disinfectant. Set a timer for 10 min; for the first 2 312 
min, continuously plunge the net up and down. Leave the net soaking for the remainder of the 313 
10 min. 314 
 315 
5.9 Remove EEG cap from disinfectant solution. Place the EEG net in and out of the electrode 316 
bucket filled with water and under running water to rinse. Repeat four times.  Allow the net to 317 
air dry.  318 
 319 
6 EEG Analyses 320 
 321 
6.1 Export EEG files for analyses in MATLAB via the EEGLAB toolbox using a 1 Hz high-pass filter, 322 
segmentation around each trial (or event) of 100 ms pre-stimulus and 500 ms post-stimulus 323 
periods, and file exportation with an EEGLAB-compatible format that includes calibrated data 324 
and reference channel export options.   325 
 326 
6.2 Import data using the EEGLAB toolbox.   327 
 328 
6.2.1 Choose the File option from the drop-down menu and click on Import data.  Select using 329 
EEGLAB Functions and plugins from the menu.  Next click on the appropriate export file format. 330 
 331 
6.3 Re-assign channel locations based on the type of electrode montage used by choosing Edit 332 
from the drop-down menu and selecting Channel locations.  Click on Look up locs and select the 333 
ellipses to locate the path of the electrode montage file of interest.  334 
 335 
6.4 Assign pre- and post-stimulus times to the epoch start and end times. Enter a value of -0.1 336 
seconds in the Start time box.  337 
 338 
6.5 Baseline-correct data according to the pre-stimulus interval. 339 
 340 
6.6 Identify and remove bad channels using probability at a Z-score threshold of 2.5.  341 
 342 
6.6.1 Verify successful identification and removal of bad channels by plotting all electrodes.   343 
Manually remove channels with mean voltage amplitudes outside of the range of +/- 30 µV. 344 
 345 
6.7 Perform artifact rejection by entering values of -100 µV and +100 µV. 346 
 347 
NOTE: This method is effective in the removal of ocular activity recorded at ocular electrodes 348 
(126, 127). However, it may be necessary to manually remove trials with artifact occurring at 349 
small-voltage amplitude (i.e., within the +/- 100 µV range) for certain participants.  350 
 351 
6.7.1 Take note of channels that were bad for entire segments (i.e., with voltages outside of 352 



 

the +/-100 µV range) and highlighted in red. Manually remove these bad channels if they 353 
constitute 60% or more of the rejected trials. Repeat this step as many times as necessary.  354 
 355 
6.7.2  Follow artifact removal steps as previously described. Ensure that a minimum of 100 356 
sweeps are accepted. Remove trials marked for rejection. 357 
 358 
6.8 Plot channel 75 (equivalent to Oz), or the channel(s) of interest, to categorize morphological 359 
patterns. Prior to plotting this channel, make sure to perform pre-stimulus baseline correction.   360 
 361 
6.9 Choose pattern A if CVEP morphology is characterized by a large positive peak at 362 
approximately 100-115 ms (P1), followed by a negative peak at approximately 140-180 ms (N1) 363 
and a positive peak at approximately 165-240 ms (P2).   364 
 365 
6.10 Choose pattern B if CVEP morphology is characterized by a large positive peak at 366 
approximately 100-115 ms (P1), followed by a negative peak at approximately 140-180 ms (N1a), 367 
a positive peak at approximately 180-240 ms (P2a), then a negative peak at approximately 230-368 
280 ms (N1b) and positive peak at approximately 260-350 ms (P2b).     369 
 370 
6.11 Append individual datasets together according to the morphological pattern visually 371 
observed to create a group average. Name and save the newly merged dataset file.   372 
 373 
6.12 View appended files as an average by plotting the channel(s) of interest. 374 
 375 
REPRESENTATIVE RESULTS:  376 
Figure 3 and Figure 4 show the representative object-onset and motion-onset CVEP results of 377 
five participants, aged 19-24 years, who passively viewed each visual paradigm. This design 378 
allowed observation of CVEP responses elicited by visual objects (with and without jitter) and 379 
visual motion (with and without jitter) both within and across subjects according to each 380 
condition.  Participant CVEPs were grouped according to the morphological pattern elicited by 381 
visual stimuli and grand-averaged to create an average CVEP pattern.  In the objects with no 382 
temporal jitter condition (Figure 3), two participants were found to present with pattern A, while 383 
three presented with pattern B (Figure 3A).  Similarly, in the objects with temporal jitter condition 384 
(Figure 3B), two subjects presented with pattern A and three with pattern B.  Interestingly, two 385 
subjects presented with a different pattern as a result of the jitter paradigm (i.e., one subject 386 
presenting with pattern A in the no jitter condition presented with pattern B in the jitter 387 
condition, and one subject presenting with pattern B in the no jitter condition presented with 388 
pattern A in the jitter condition).  It may also be observed that jitter affects amplitude and latency 389 
in each object-onset CVEP pattern (Figures 3C,D).  390 
 391 
For the motion condition (Figure 4), two subjects demonstrated pattern A morphology and three 392 
subjects presented with pattern B.  However, in contrast to the object-onset CVEPs, motion-onset 393 
CVEP morphological patterns for each participant were consistent across jitter condition.  394 
Furthermore, the pattern B group average shows no clear evidence of the multiple peak 395 
components typically present.  This lack of differential morphology occurred in both motion 396 



 

paradigms without and with temporal jitter (Figures 4A,B). Similar to the object’s paradigm, jitter 397 
in the motion paradigm appears to affect motion-onset CVEP characteristics in both 398 
morphological patterns (Figures 4C,D). 399 
 400 
FIGURE AND TABLE LEGENDS:  401 
 402 
Figure 1. Example of Visual Object Stimuli Paradigms Without and With Temporal Jitter. A. 403 
Without temporal jitter: A fixation cross is presented for 500 ms, followed by a randomized 404 
presentation of one of four objects from the BOSS database (button, book, ball, brick).  Each 405 
object presentation is 600 ms in duration. B. With temporal jitter: A fixation cross is presented 406 
for 500 or 1000 ms, values which are randomized across trials, and then one of four objects from 407 
the BOSS database (button, book, ball, brick).  Each object is presented for randomized values of 408 
600 or 1000 ms. 409 
 410 
Figure 2. Example of Visual Motion Stimuli Paradigms Without and With Temporal Jitter. A. 411 
Without temporal jitter: A fixation cross is presented for 500 ms, followed by a visual motion 412 
movie of a radial field of dots moving inward toward a central fixation point (denoted by white 413 
arrows) for 1000 ms. B. With temporal jitter: A fixation cross is presented for 500, 750, or 1000 414 
ms, values which are randomized across trials. A visual motion movie is then presented for either 415 
600 or 1000 ms, values which are randomized across trials. 416 
 417 
Figure 3. Representative Object-onset CVEP Data Without and With Temporal Jitter. A. Pattern 418 
A morphology (i.e., a P1-N1-P2 response) was observed in two participants (solid black line) in 419 
response to the object paradigm without jitter.  Pattern B morphology (i.e., a P1-N1a-P2a-N1b-420 
P2b response) was observed in 3 participants (dashed red line) in response to the object 421 
paradigm without jitter.  Amplitude in microvolts is depicted on the vertical axis and time in 422 
milliseconds on the horizontal axis. B. Pattern A morphology was found in two participants (solid 423 
black line) elicited by the object paradigm with jitter.  Pattern B morphology was found in 3 424 
participants (red dashed line) elicited by the object paradigm with jitter. C. Pattern A morphology 425 
comparison in the same three participants in response to the object paradigm without jitter (solid 426 
black line) and the object paradigm with jitter (red dashed line). D. Pattern B morphology 427 
comparison in the same two participants as elicited by the object paradigm without jitter (solid 428 
black line) and the object paradigm with jitter (red dashed line). 429 
 430 
Figure 4. Representative Motion-onset CVEP Data Without and With Temporal Jitter. A. Pattern 431 
A morphology (i.e., a P1-N1-P2 response) was observed in two participants (solid black line) in 432 
response to the motion paradigm without jitter.  Pattern B morphology (i.e., a P1-N1a-P2a-N1b-433 
P2b response) was observed individually in 3 participants (dashed red line) in response to the 434 
motion paradigm without jitter. Note, however, the typical pattern B morphology is not observed 435 
in the CVEP group grand average.  Amplitude in microvolts is depicted on the vertical axis and 436 
time in milliseconds on the horizontal axis. B. Pattern A morphology was found in two participants 437 
(solid black line) elicited by the motion paradigm with jitter.  Pattern B morphology was found 438 
individually in 3 participants (red dashed line) elicited by the motion paradigm with jitter. Again, 439 
the pattern B morphology is not apparent in the CVEP grand average. C. Pattern A morphology 440 



 

comparison in the same three participants in response to the motion paradigm without jitter 441 
(solid black line) and the motion paradigm with jitter (red dashed line). D. Pattern B morphology 442 
comparison in the same two participants as elicited by the motion paradigm without jitter (solid 443 
black line) and the motion paradigm with jitter (red dashed line). 444 
 445 
DISCUSSION:  446 
The goal of this methodological report was to evaluate the feasibility in recording differential 447 
CVEP morphology by using visual object and motion stimuli specifically designed to separately 448 
stimulate ventral and dorsal streams in passive viewing tasks6-8, both with and without variation 449 
of ISIs (jitter)19. Conditions were not designed to be directly compared, rather, observations were 450 
made as to whether variable CVEP morphology was present in either condition, and whether 451 
temporal jitter within that condition affected morphology. Object-onset and motion-onset CVEP 452 
responses were recorded and time-locked to the onset of visual object and motion stimuli, 453 
presented in four paradigms, via 128-channel high-density EEG. Five young adults participated in 454 
passive viewing of each visual paradigm, and resulting CVEP responses were visually categorized, 455 
subjectively, according to CVEP pattern A (P1-N1-P2) morphology and CVEP pattern B (P1-N1a-456 
P2a-N1b-P2b) morphology, a method used in previous research upon which this approach is 457 
based12,13. 458 
 459 
Representative data suggest that the described visual stimuli are sensitive to differential CVEP 460 
morphology. In addition, jitter appears to affect specific characteristics of the CVEP response, 461 
such as latency and amplitude, rather than the overall morphology of the waveform. No further 462 
conclusions may be drawn due to the small sample size and lack of statistical comparisons.  463 
Therefore, these data show that the experimental design may be useful in the study of variable 464 
CVEP morphology and associated visual behavior. Future research is planned to focus on 465 
significantly enlarging the number of participants to verify whether CVEP patterns elicited by a 466 
variety of stimuli are an intrinsic or extrinsic phenomenon and whether certain visual cortical 467 
networks may be more involved than others in generating specific morphology. Future studies 468 
will also include temporal variation in visual paradigms for further assessment of possible 469 
anticipatory effects on CVEP responses, including greater variability in jitter values, as the limited 470 
jitter intervals included in the current approach may not completely eliminate predictability.  471 
Finally, source localization analyses on CVEP peak components will be performed for qualitative 472 
information on visual cortical networks involved in the generation CVEP morphological patterns, 473 
including verification that the presented stimuli activate the intended visual networks. 474 
 475 
Although the methods described show an effective approach to the investigation of object-onset 476 
and motion-onset CVEP morphology, critical steps should be noted.  For instance, in visual stimuli 477 
creation, it is important that factors such as luminance be consistent and controlled for, as these 478 
lower-order changes may affect CVEP characteristics22. In EEG preparation, it is imperative that 479 
close attention is paid to electrode impedance values. The high-density EEG system used in the 480 
current study is a high-impedance system, meaning that EEG activity can be successfully recorded 481 
with electrode impedance values of up to 50 kOhms. However, in our laboratory, we aim to 482 
maintain these values under 20 kOhms, and ideally around 10 kOhms. Lower impedance values 483 
greatly affect the overall quality of the recording and result in faster analyses and a higher 484 



 

number of accepted trials.  In addition, it is important to monitor the subject state, especially as 485 
these paradigms are passive in nature. It can be a challenge for some participants to remain alert, 486 
resulting in alpha oscillations and ocular artifact that can contaminate the recording. In EEG 487 
analyses, it is critical to remove bad electrode channels prior to artifact rejection to ensure that 488 
the maximum number of trials are accepted into the average. The greater the number of trials, 489 
the better the signal-to-noise ratio of the CVEP response. Furthermore, a large number of trials 490 
are necessary for source localization analyses. In our laboratory, a minimum of 100 accepted 491 
trials is typical for visual studies12,13,22. The EEG analysis method described in this study may also 492 
be modified according to the researcher’s discretion. There are many approaches to successful 493 
EEG analysis, and the one provided has been developed in our laboratory. Other approaches that 494 
may be useful can be reviewed through various tutorials provided by the creators of the EEGLAB 495 
toolbox. 496 
 497 
While EEG methodology does have limitations, specifically in spatial resolution for imaging 498 
purposes2, the benefits of a low cost, non-invasive approach, and high temporal resolution make 499 
this an ideal tool for the investigation of CVEP morphological patterns. For example, the latency 500 
and amplitude of the specific peak components which constitute the CVEP waveform would not 501 
be identifiable using a different approach, except possibly with magnetoencephalography (MEG).  502 
Furthermore, source localization analyses, which are possible with high-density EEG recordings, 503 
have advanced to such a level that estimation of cortical generator location has been accepted 504 
in a multitude of studies12,13,23-26. If spatial localization remains a concern for the researcher, a 505 
multi-modal approach may be used to combine the temporal resolution of EEG with the spatial 506 
resolution of other measures, such as fMRI27. It is important that a large amount of trials is 507 
collected in each paradigm for future source localization analyses, which requires a high EEG 508 
signal-to-noise ratio for accurate estimation of cortical generators12,13,23. 509 
 510 
Overall, the described protocol is useful and effective for the observation and study of CVEP 511 
morphological patterns. Similar methodologies have been presented in the literature14,15,28,29, 512 
but have not focused on the categorization of group participant responses according to 513 
morphology, as described in the EEG analyses section. Future research may benefit from 514 
examining CVEP morphology more closely, as distinct visual processes have been shown to 515 
underlie specific patterns12,13. While additional work is necessary to clarify whether CVEP 516 
morphology elicited by various stimuli and underlying visual function are related to visual 517 
behavior, the experimental paradigms and EEG analyses discussed in this pilot study provide an 518 
initial point from which to better understand basic visual cortical processes. 519 
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that the use, reproduction, distribution, public or private 
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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 
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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 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
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accept or decline any work submitted to JoVE. JoVE and its 
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JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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Author Response to Reviewers 
 
Editorial comments: 
Changes to be made by the author(s) regarding the manuscript: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. 
 
 Thank you; we have done so. 
 
2. Please provide an email address for each author. 
 
 We have added the email addresses for Alison LaBrec and Connor Bean. 
 
3. Keywords: Please provide at least 6 keywords or phrases. 
 
 We added the keyword ‘EEGLAB’ for a total of 6 keywords. 
 
4. Please revise the protocol (steps 1, 2 and their substeps, 6.1,etc.) 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. 
 
 Thank you for pointing this out.  We have edited the protocol to be in the imperative 
tense and moved the protocol discussion to the Discussion section. 
 
5. 3.1: What are the inclusion/exclusion criteria for recruiting the participants? 
 
 This is now described as the following: Exclude participants who report hearing loss 
and/or neurological diagnoses, such as traumatic brain injury.  Include all other participants. 
 
6. 5.5: Please specify the four visual tasks. 
 

The tasks have been clarified in the following sentence: Repeat steps 3 and 4 for the 
visual object paradigm, the visual object with temporal jitter paradigm, the visual motion 
paradigm, and the visual motion with temporal jitter paradigm. 

 
7. 6.2.7, 6.2.8, 6.2.8.1, 6.2.9, 6.2.11, etc.: The Protocol should be made up almost entirely of 
discrete steps without large paragraphs of text between sections. Please simplify the Protocol so 
that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step. 
Use sub-steps as necessary. Please move the discussion about the protocol to the Discussion. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Author Response
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We apologize for this oversight and have made the listed corrections. 
 

8. Please remove commercial language and use generic terms instead: MATLAB, E-Prime, etc. 
 
This has been attempted throughout the paper, although MATLAB and similar terms are 

used sporadically as deemed necessary. 
 

9. Please include single-line spaces between all paragraphs, headings, steps, etc. 
 
This has been corrected. 
 

10. After you have made all the recommended changes to your protocol (listed above), please 
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the 
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the 
most cohesive story of the Protocol. 

 
Thank you, we have done this. 
 

11. Please highlight complete sentences (not parts of sentences). Please ensure that the 
highlighted part of the step includes at least one action that is written in imperative tense. 

 
We have now done so. 
 

12. Please include all relevant details that are required to perform the step in the highlighting. 
For example: If step 2.5 is highlighted for filming and the details of how to perform the step are 
given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be 
highlighted. 
 

All relevant steps have been highlighted in full. 
 

Reviewers' comments: 
 
Reviewer #1:  
Manuscript Summary: 
The paper outlines an EEG methodology for the examination of cortical visual evoked potentials 
(CVEPs) with the goal of examining the underlying mechanisms driving observed differences in 
CVEP morphology, specifically in relation to dorsal versus visual stream processing, and 
anticipatory top-down processing. 
The methodology described seems generally sound, however, in some parts the methodology 
could be more generalised to ensure it is a research methodology that could be transferred 
across different labs. 
 
Major Concerns: 
1. The jitter visual object paradigm has two fixation cross intervals (500, 1000ms), while the 



visual motion has three (500, 750, 1000ms). What is the reason for the additional intermediary 
interval in the motion paradigm? Could this make the two paradigms (object versus motion) 
difficult to compare? 

 
This is an extremely valid point.  An additional fixation interval was added to the motion 

jitter paradigm to decrease predictability.  The object paradigm inherently includes decreased 
predictability due to the presentation of four different objects.  Therefore, another fixation 
interval was not included in that paradigm.  Regardless, we are not currently directly comparing 
motion versus object conditions.  The overall goal is to observe whether either condition elicits 
pattern A or pattern B morphology.  Thus, the jitter conditions are for within-condition 
comparison only (e.g., motion versus motion with jitter), controlling for possible effects of an 
additional fixation interval across motion and object conditions.   

We have included a sentence in the Discussion to clarify: ‘Conditions were not designed 
to be directly compared, rather, observations were made as to whether variable CVEP 
morphology was present in either condition, and whether temporal jitter within that condition 
affected morphology’. 

 
2. Sections 4-6 of Procedure - sometimes the key aspects get lost in the highly specific details of 
the instructions. These sections may benefit if there was some greater highlighting of the key 
methodological aspects more generally to aid replication regardless of EEG system/analysis 
software etc. 

 
Thank you for this suggestion; we have endeavored to simplify this section for 

generalization purposes. 
 

3. Section 4.7 of Procedure - it states that the reference electrode should be at scalp midline, 
and that this midline point may be verified by measuring. I would argue that it should always be 
verified by measuring , and this should include some instruction on how to obtain the 
measurement (e.g., measuring between nasion and inion). 

 
We agree and have added this instruction in 4.1. 
 

4. Section 5.2 - you argue for use of a random number generator to determine order of 
presentation. With large numbers of participants this will work, however, it may be optimal to 
use a pseudorandom order that is controlled by the experimenter to ensure that all orders are 
carried out evenly. 
 

This is a great suggestion and we have added it to Section 5.2. 
 

Minor Concerns: 
1. In the introduction (lines 107-110 of manuscript), it states that the 'paradigm designed to 
stimulate the dorsal stream is composed of highly identifiable objects . . . The paradigm 
designed to stimulate the ventral stream consists of visual motion . . .' This is the incorrect way 



around. 
 

We apologize for this oversight and have corrected the description. 
 

Reviewer #2: 
Manuscript Summary: 
According to the title of the manuscript I have expected that a new contribution to analysis of 
the „ventral and dorsal visual cortical networks" activity, using visual evoked potentials, will be 
based on a good knowledge of existing literature to this topic and that adequate precise 
methods will be used. 
However, authors ignore already well known generally accepted facts concerning characteristics 
(morphology) of VEPs and needed parameters of visual stimulation for activation of either 
magno/parvocellular systems or ventral/dorsal streams of the visual pathway. 
 
Major Concerns: 
1. Authors use uniform term CVEPs for all cortical visual evoked potentials irrespective of the 
particular kind of visual stimulations which evoke different types of VEPs (e.g. flash VEPs, 
pattern related VEPs - pattern-reversal or pattern onset/offset, motion-onset VEPs. 

 
Thank you for pointing this out.  We have now used the terms ‘motion-onset CVEPs’ and 

‘object-onset CVEPs’ to differentiate the responses to specific stimuli throughout the 
manuscript. 

 
2. They claim that they use „visual object stimuli" and „visual motion stimuli" and they do not 
mind that both types of the recorded VEPs are almost identical (with a dominant positive peak 
at about 100ms) and do not display standard characteristics of any known type of VEPs.  
 
  We do not believe the responses to look identical, especially when considered within 
each condition.  For example, in the motion condition (Figure 4), the same subjects who 
presented with a pattern A response presented with similar morphology when jitter was added 
to the condition (this was also the case for pattern B).  However, amplitude and latency of the 
waveform was different.  In other words, if subject 1 presented with a motion-onset CVEP 
response with pattern A morphology, when jitter was added they still presented with pattern A 
morphology but different amplitude and latency of peaks, as evaluated qualitatively.  We also 
believe the waveforms to appear qualitatively different between object and motion conditions, 
with varying morphology. 
 In addition, these CVEPs (particularly the peak at 100 ms), are similar to previous CVEP 
research we have conducted (Campbell & Sharma, 2014, 2016a,b) and those reported in other 
studies (Allison et al., 1999; Coch et al., 2005; Doucet et al., 2005, 2006; Schulte-Korne et al., 
2004). 
  
 



Since all their visual stimuli do not have constant luminance (change at the trigger time) and 
include some pattern appearance, it looks that their VEPs will represent probably some mixture 
of reactions to luminance changes and pattern-onset VEPs.  
 
 We agree that luminance may be an important factor and have added this consideration 
to the manuscript in the Discussion section.  Pattern-related processing may occur during both 
conditions, but we remained consistent with literature that used similar approaches for object 
and coherent dot motion presentation (Allison et al., 1999; Prieto et al., 2007; Schulte-Korne et 
al., 2004; Yamasaki et al., 2017). 
 
In „motion stimulation", they speak only about „apparent motion" (in fact almost any motion on 
a PC monitor is only apparent, since it is created from many discrete static pictures) and they do 
not consider that their motion VEPs should be specified as „motion-onset VEPs" (but they are 
not because parameters of stimulation are not adequate).  
 
 Thank you for this comment.  We have now termed the CVEPs in the motion condition 
as motion-onset CVEPs throughout the manuscript.  We believe that these are motion-onset 
responses as they were time-locked to the onset of each presentation of centrally-directed 
coherently moving dots. 
 It is true that all visual motion presented on-screen is apparent motion to some degree.  
In that respect, all typical visual experiments involve this type of motion.  However, we 
remained consistent with the literature, specifically Doucet and colleagues (2005, 2006) and 
Bertrand and colleagues (2012), which terms apparent motion as distinct frame changes 
between radially-modulated shape changes versus fluid motion of dots in a coherent direction 
(Prieto et al., 2007; Schulte-Korne et al., 2004; Yamasaki et al., 2017). 
 
The presented morphology does not correspond to the existing nomenclature (the dominant 
positive peak at about 100 ms cannot represent the motion-onset).  
 
 Thank you for this comment.  However, we do not state that the P1 in the 
Representative Data represents the motion-onset.  Indeed, earlier activity may be viewed in 
several waveforms.  However, it is of interest that one study found that the P1 measured via 
MEG in response to coherent motion of dots reflected onset of motion activation in V5+, a 
common cortical region associated with visual motion processing (Prieto et al., 2007). 
 
Authors did not pay any attention to the existing methodology - although they cite (non-
adequately) one of the existing review articles (Kuba et al. - review by S. Heinrich provides the 
same recommendations) they do not comment the discrepancies in results. 

 
Many approaches to recording CVEPs have been presented in the literature.  Ours is 

comparable to several studies (Allison et al., 1999; Doucet et al., 2005, 2006; Schulte-Korne et 
al., 2004).  In addition, we refrained from interpretation of result comparisons due to the small 
sample size (Representative Data). 



 
3. Although multichannel recordings were done, the only information is about 0z results (not 
optimal for the motion related activity). Data from more channels could help to identify the 
recorded potentials. 

 
This is an excellent point.  We clarify in the Protocol that a different channel or channels 

may be utilized to view the data.  Oz was chosen for the current representative data as an 
example, and is a common electrode selected in studies to illustrate CVEP responses (Campbell 
& Sharma, 2014).  

 
4. It is rather strange that multiple peaks in „pattern B" of VEPs are classified, although they 
represent probably only a small non-significant oscillation of about 1 uV. All peaks designated as 
negative are positive (over zero - splitting of positive peaks). Both „patterns" rather seem to 
represent about the same type of VEPs with some inter-individual variability (grand averages 
from 3 and 2 subjects only!!!). 

 
We completely understand the concern with such a small sample size.  The sample size 

is reduced due to the publication journal’s request for representative data, and several 
methodological studies have been published in this journal using single-subject data (see Sadeh 
& Yovel, 2014; Tardif et al., 2018).  We also now state that only feasibility of the approach can 
be estimated from the representative data, rather than conclusions reached via statistical 
analyses, and have generalized sentences in the Representative Data section referring to group 
differences. 

Classification of peaks was made based upon previous work (Campbell & Sharma, 
2016a,b) with larger sample sizes and found to be consistent with this research. 

In regards to the designation of negative peaks as being positive (according to absolute 
value): We have used this nomenclature in past evoked potential studies (Campbell & Sharma 
2013; 2016a,b; Sharma et al., 2014, 2016) and aimed to remain consistent with this work. 

 
5. Large parts of the manuscript look like a manual for a laboratory assistant or some other staff 
- e.g. lines 188 - 267, 281 - 360 (it was intentionally included??). 
 

We agree and have edited the Protocol to be more generalized.  The publication journal 
requested steps to allow others to replicate described methodology accurately, and thus we 
endeavored to be clear in each step. 
 
There are much more problems in Methods and thus, it is not possible (I did not dare to do it) to 
interpret and discuss Results (it is not clear which activity represent the recorded VEPs).  
Moreover, I do not consider results from 5 subjects sufficient for the made conclusions. 
 
 Due to the small sample size, we have added sentences in the Introduction and 
Discussion sections to clarify that the goal of the manuscript was to demonstrate feasibility of 
the methodological approach rather than draw definitive conclusions from group comparisons.  
We have also generalized the Representative Data so that group comparisons were avoided. 



 
I do not thing that it is necessary to specify more particular problems when MY GENERAL 
OPINION IS THAT THE MANUSCRIPT IS NOT SUITABLE FOR PUBLICATION. 
(I am rather surprised that similar electrophysiological data were successfully published by the 
first author in Frontiers in Human Neurosci. 
 

We are sorry to hear that you feel this way and welcome further comments. 
 
Reviewer #3: 
Manuscript Summary: 
The MS concerns using EEG measurement in order to investigate possible different 
morphologies of CVEP. The outline of EEG protocol for recording is fairly standard for the EGI 
system, therefore the emphasis on methodology is on the appropriateness of the stimuli and use 
of jitter etc in order to test dorsal vs ventral processing effectively. 
 
Minor Concerns: 
The analysis steps are also fairly standard, and as such should be fine. However, the authors 
mention other influences that might affect the data, such as alpha oscillations during recording. 
It would be useful to have a consideration of using ICA in the pre-processing of the data and why 
visual inspection was preferred. 
 

This is a great suggestion.  For this specific methodologic approach, we were building on 
previous research (Campbell & Sharma, 2016a,b) which utilized visual identification for 
differential morphology.   

We have included a sentence in the Discussion to clarify this point: ‘resulting CVEP 
responses were visually categorized, subjectively, according to CVEP pattern A (P1-N1-P2) 
morphology and CVEP pattern B (P1-N1a-P2a-N1b-P2b) morphology, a method used in previous 
research upon which this approach is based12’. 

 
Although the ventral stream is linked to form processing, it would be interesting to have a little 
more detail on the task. It would appear that it was a passive viewing task, but was there any 
indication from participants that they may have been naming the (BOSS) stimuli too? 
 

You are correct in stating that the tasks were passive, a point we attempt to emphasize 
throughout the manuscript.  Therefore, we did not have participants naming the object stimuli, 
nor did we control for this possibility.  If this did occur, it was performed silently as participants 
were not noted to speak during the tasks. 

 
Although the results support the previous work of the authors, the sample size is very small. It 
would be good to see the different patterns with a larger sample and also to have a statistical 
test of the difference between the patterns. It would be great to see some statistical analysis of 
the later components of pattern B -peaks compared to the general trend of the timeline. 
 



We completely agree.  The only reason the dataset is small is due to the request of a 
‘representative sample size’ by the publication journal.  Previous articles with similar 
methodology published by this journal include single-subject data (see Sadeh & Yovel, 2014; 
Tardif et al., 2018).  The small sample size is why we conclude, in an edited Discussion, that: 
‘Representative data suggest that the described visual stimuli may be sensitive to differential 
CVEP morphology’ rather than state that only the ventral stream is responsible for producing 
specific CVEP morphology.  This is to reinforce that the goal of the manuscript was to observe if 
the methodology was feasible, rather than draw conclusions from findings.   

We also state in the Discussion: ‘Future research is planned to focus on significantly 
enlarging the number of participants to verify whether CVEP patterns are an intrinsic or 
extrinsic phenomenon and whether certain visual cortical networks may be more involved than 
others in generating specific morphology’. 

 
Although implied, in the description of the representative results, it would be good to clearly 
express whether it is the same participants with pattern A/B in each stimulus condition. Further, 
the discussion of whether the difference in the motion conditions is really due to the CVEP being 
exclusive to the ventral stream or whether it is due to noise or a small sample size does rather 
undermine the aim of the study to distinguish between dorsal/ventral processing. 
 
 This is an excellent point.  We have removed the sentence which speculated as to why 
pattern B morphology may be absent in the CVEP motion condition.  In addition, it has been 
made explicit which participants presented with specific morphology.  

 
Reviewer #4: 
Manuscript Summary: 
The article describes a technique for recording high density VEPs elicited by motion stimuli. 
 
Major Concerns: 
There are several concerns about the publication. 
1. The waveforms appear quite different than those described by others, notably Kuba and also 
work by Bach and by Spileers. 

 
We agree that the waveforms appear different from the research by the authors 

mentioned.  This is likely due to methodological differences in the presented stimuli, as well as 
analytical differences.  For example, Kuba et al. (2007) utilized radial motion instead of 
centrally-directed coherent dot motion.  Furthermore, these studies tend to use single or 
linked-mastoid references, while we use common-average reference (due to future source 
localization analyses).  Reference location greatly affects evoked potential waveform 
characteristics.  Finally, in a study using methodology similar to ours (although in children), 
waveforms appear to be comparable (Schulte-Korne et al., 2004).  

 
2. The jitter described appears to be a fixed sequence, although a variable one, so that concerns 
of predictability may not have been eliminated. 

 



Thank you for pointing this out.  This is completely true and we now mention this point 
in the Discussion: ‘Future studies will also include temporal variation in visual paradigms for 
further assessment of possible anticipatory effects on CVEP responses, including greater 
variability in jitter values, as the limited jitter intervals included in the current approach may 
not completely eliminate predictability’. 

 
3. The major advantage of high density recording is presumably source localization. No source 
localization is presented in the paper. Therefore it is not clear that there is a separation of dorsal 
and ventral pathways. 
 
 Thank you for this comment.  We agree that high-density EEG is mostly advantageous 
for source localization, which is why we state that future research will utilize this approach to 
include such analyses in the Discussion.  Although we did not include source localization in this 
specific methodologic approach, we believe that, based on previous fMRI and intracortical 
studies, the stimuli presented are indeed stream-specific (Allison et al., 1999; Grill-Spector, 
2003; Grill-Spector & Malach, 2004; Prieto et al., 2007). 
 We have now included a statement in the Discussion that source localization will also 
serve to confirm that these stimuli activate the intended networks: ‘Finally, source localization 
analyses on CVEP peak components will be performed for qualitative information on visual 
cortical networks involved in the generation CVEP morphological patterns, including verification 
that the presented stimuli activate the intended visual networks’. 
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