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Abstract 

Abstract: Movement detection and acuity resolution deferentially affect the magnocellular, 

parvocellular and koniocellular pathways of the human visual neural system. Temporal and 

spatial frequency sensitivity measurements are used to identify the neural behaviour of these 

pathways. The magnocellular pathway (MP)  is  known to carry a limited range of temporal 

frequency components of signals resulting from a visual scene.  In this paper, we show a 

possible mechanism which will give rise to a fixed bandwidth of the temporal frequencies 

which can be conveyed by the MP during fixations and saccades. We will also explain why 

temporal frequency components outside this bandwidth are not available for the MP.  We 

have proposed two factors to explain our results. The first, which is neural in origin, is the 

correlated firing mechanism of the parasol ganglions which serve the MP and the second, 

which is  biophysical in origin,  is the windowing effect of saccades and fixations. Using the 

two mechanisms, we will show that the allowed temporal frequencies in  the MP have an 

unique upper and a lower bound. The upper bound arises from the fixed correlated firing time 

of the parasol retinal ganglions.  The lower bound is calculated using the windowing effect of 

eye fixations and saccades.  We will show how the combined effect of the correlated firing the 

retinal ganglions and the windowing effect of fixations and saccades provides an explanation 

for the various aspects of the observed phenomenon known as saccadic suppression. 
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I. INTRODUCTION 

The visual neural system includes two major parallel 

streams, the magno-cellular and parvocellular 

pathways (MP and PP). The magnocellular pathway 

(also known as the transient system) obtains its input 

from the parasol ganglions  in  the  retina  of  the  eye  

and  responds  to  rapid  changes  in  visual scenes.  It 

carries signals from the peripheral region outside the 

fovea, thus contributing to peripheral vision.  The 

visual signals are then sent to the lateral geniculate 

nuclei (LGN) of the thalamus and then projected via 

the visual cortex and the dorsal or ―where‖ stream to 

the parietal cortex.  [1]- [4]. 

A. Saccadic Suppression 

Saccades are rapid eye movements that take place in 

the eye and they occur about three times a second, 

each lasting about 25 ms each. During reading, these 

saccades take place in between longer periods of eye 

fixation which usually last about 250 ms each [1].  

When the eye moves rapidly, motion of the stationary 

world is generally not perceived despite displacement 

of the whole image on the retina.  This reduction of 

visual sensitivity around the time of a saccade is 

known as saccadic suppression. While perisaccadic 

suppression describes suppression of visual 

information around the time of a saccade, it has been 

found that this suppression is present even long before 
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the onset of a saccade and also long after the saccade, 

known as pre-saccadic and post-saccadic suppression 

respectively[5].  Various mechanisms, both active as 

well as passive have been proposed as candidates for 

saccadic suppression [6]-[7].   The nature and 

modification of the neural signals in the MP is 

particularly relevant in studies relating to learning 

disorders.  The Magnocellular Theory of 

Developmental Dyslexia, as proposed by John Stein 

advocates a visual magnocellular deficit among 

dyslexics [8]. 

B.   Correlated Firing of Retinal Ganglions 

The correlated firing time of the parasol retinal 

ganglion cells fall within a fixed time regime [9, 10].  

We will show in this paper that the fixed correlated 

firing time imposes an upper limit on the temporal 

frequencies of the signals that can be conveyed by the 

MP.  The correlated firing times from human retinal 

ganglions are not available [9]-[10], hence data from 

flicker studies in animals [1,11] have been used. 

Correlated firing refers to the firing of groups of 

similar cell types such as the parasol ganglions which 

take place in a highly correlated and simultaneous 

manner.  Different cell types have specific timing 

regimes.  The correlated activity is seen in diverse 

neuronal systems such as the the retina, cochlea, 

spinal cord, cerebellum, hippocampus, and neocortex 

and is   observed in several species throughout their 

development.  This suggests that it is an essential 

phenomenon in neural circuitry.  Understanding the 

role of correlated neural activity has been an active 

area of study for several years [9, 10, 12, 13].In this 

paper we examine how correlated firing of the parasol 

ganglions play a role in determining the upper limit of 

the temporal frequency sensitivity.  Since it is known 

that each cell type has its own timing regime for 

correlated activity [14], the magnocellular pathway 

will have an unique upper limit in the temporal 

frequency sensitivity.  These upper limit can be 

experimentally measured by contrast sensitivity and 

flicker rate studies[15, 16, 17].Animal retinal neurons 

has been known to fire synchronously within three 

ranges, i.e., 40 to 100 ms (broad), 10 to 50 ms 

(medium), and below 1 ms(narrow)  [9,  14].   It is also   

known that the synchrony occurs according to each 

cell type i.e.  Parasol, midget, and small bistratified 

cells firing together respectively to convey visual 

signals to the magnocellular, parvocellular and 

koniocellular pathways respectively.  Using data from 

animal studies [9],[10],[14],[18],[19], we have 

assumed a correlated firing time of 10 ms for the 

parasol cells for the purpose of illustration.  

Correlated firing after 10 ms implies that this group of 

ganglion cells will wait up to 10 ms then fire together 

II.  METHODOLOGY AND RESULTS 

In this section we show how the allowed upper and 

lower bounds of the temporal frequencies in the 

magnocellular pathway are found.  We have used the 

correlated firing mechanism of the parasol ganglions 

as well as the windowing effect of fixations and 

saccades to calculate the temporal frequency bounds. 

We have then used sample electroencephalographic 

(EEG) data to identify regions of the scalp which 

show saccadic suppression. 

Calculation of upper bound of signal frequency 

If correlated firing in parasol ganglions is 10 ms, these 

ganglions sample the available visual signal and fire 

simultaneously after 10 ms.  The Nyquist criterion 

limits the highest possible frequency that can be 

detected, hence, the sampling rate according to the 

Nyquist criterion, should be at least twice the highest 

available frequency. In flickering visual signals, flicker 

frequency rates that will be detected must be below 

half of 1/10×10
−3 

Hz = 100 Hz, i.e.  50 Hz.  Flicker 

rates higher than this will imply require ganglion 

correlated firing times less than 10 ms. Such signals i.e 

temporal frequencies above 50 Hz will not be detected 

since the midget ganglions are still waiting to fire.[1] 

A. Calculation of lower bound of signal 

frequency. 

The lower bound of the temporal frequencies of the 

signals conveyed by the  MP  is  obtained  by  the  

windowing  effect  imposed  on  the  time  domain 

signals before they are seen by the retinal ganglions.  
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Two windowing possibilities are available in the 

human visual system, i.e.  windowing effect due to 

fixation and another windowing effect due to 

saccades.  Fixation has a window length of about 250 

ms and eye saccades have a window length of about 

25 ms[1, 20].  A perfect rectangular time window of a 

length of T seconds, imposed on any signal gives rise 

to a lower bound of the frequencies that  can  be  

transmitted  i.e f= 1/T Hz.   For  non-rectangular  

windows  the lower bound of the frequencies reduces 

to ½ f Hz [21].  Due to the finite time required for the 

beginning and ending of fixations and saccades, we 

assume a non-rectangular window for both cases. 

Assuming that the correlated firing time,tc, for the 

parasol ganglions is 10 ms and and the eye fixation 

time,Tf is of length 250 ms, we note that the eye 

fixation time is higher than the correlated firing time 

of the parasol cells. Hence, visual signals will enter the 

MP without problems.  Note that parasol ganglions 

will fire about 250/10 = 25 times during the saccade 

giving rise to a strong magnocellular signal.  The 

lower bound of the temporal frequency is ½ (1/Tf) = 2 

Hz.  This implies that temporal signal changes below 2 

Hz cannot be detected by the MP during fixation.  

Figure 1 is an illustration of typical neural excitations 

traversing the MP during fixation.  During the 

progression of  an  eye  saccade,  the  saccade  time, Ts 

is  25   ms  which  is  larger  than  the correlated firing 

time of the parasol ganglions, visual signals will thus 

enter the  MP  during  saccades.   Note that parasol 

ganglions  will  only  fire  about 25/10 = 2.5 times 

during the saccade which will give a much reduced 

signal compared to that during fixations. Further, 

during saccades, the lower bound of the temporal 

frequency of ½ (1/Ts) = 20 Hz. This implies that 

temporal signal changes below 20 Hz cannot be 

detected by the MP during saccades.  Figure 2 is an 

illustration of typical neural excitations traversing the 

MP during a saccade. The results are tabulated in 

Table 1. 

 

 

 

Table 1: Upper and lower bounds for signal 

frequencies in the MP during fixations and saccade 

Window Width 

(ms) 

Upper 

Bound 

(Hz) 

Lower 

Bound 

(Hz) 

Fixation 250 50 2 

saccade 25 50 20 

 

During fixations, signals with temporal frequencies 

that the MP will be able to detect lie between 2 Hz and 

50 Hz.  During saccades the MP detects temporal 

frequencies between 20 Hz and 50 Hz.  Results by 

numerous authors substantiate this finding [22], [15], 

[16], [17]. 

 

Figure 1: Simulated neural signals in the MP based on 

thefiring of parasol ganglions every 10 ms during a 

fixation window of 250 ms.  Fixation time (tf) = 250 

ms, Correlated firing time of parasol ganglions (tc) = 

10 ms. 

 

Figure 2: Simulated neural signals in the MP based on 

the firing of parasol ganglions every10 ms during a 

saccade window of 25 ms.  Saccade time(ts) = 25 ms,  

Correlated firing time of parasol ganglions (tc) = 10 

ms. 

 

 



 

 

January - February 2020 

ISSN: 0193 - 4120 Page No. 11845 - 11851 

 

 

11848 Published by: The Mattingley Publishing Co., Inc. 

B. Saccadic Suppression from EEG data 

We have used sample electroencephalographic data 

to identify saccadic suppression at various electrode 

locations on the scalp. The sample dataset was 

obtained from the EYE-EEG toolbox website [21], 

[22]. The data is obtained for a natural reading 

experiment.  

Participant read lists of five words from left to 

right.There were 320 epochs and each epoch 

represents a single word that is read. For each epoch a 

period of silence of 1 second (from -1000 to 0 ms) 

preceded the reading stimulus which lasted 2 seconds 

(from 0 to 2000 ms). Binocular eye movements were 

recorded with an Eyelink 1000 tracker at 1000 Hz. A 

72 channel EEG data was recorded with Biosemi 

Active amplifiers at a rate of 512 Hz. The EEG data 

was band-pass filtered from 0.1 to 100 Hz and 

converted to average reference. Online detection of 

saccades, fixations and blinks was switched on. Eye 

movement events can be directly imported using 

EYE-EEG.  EEGLAB[23],[24] running in Matlab 

was used together with the EYE-EEG toolbox to 

identify saccades and fixations.  

EYE-EEG toolbox was used to clean the data. 

Whole epochs are discarded that contain any 

out-of-range eye tracking data. The time-frequency 

toolbox in EEGLAB was used to obtain event-related 

spectral perturbation (ERSP) plots. The ERSP plots, 

show EEG frequencies versus time with colors used 

to identify intensity. 

During saccades it is believed that neural signals are 

suppressed and as such, noise dominates. The rapid 

oscillations of noise gives rise to high frequency 

components known as gamma bands (>30Hz) in EEG 

spectra. Figure 3 shows (in red) the time of onset and 

progression of statistically significant (p<0.05) 

gamma bands at various scalp locations after stimulus 

270ms (AF7), 350ms (AF8), 400ms (C5), 350ms 

(C4), 350ms (O1) and 350ms (O2) based on the 320 

individual reading data epochs. 

Figure 3 shows, gamma bands (shown as dark red, 

>30Hz) are used as markers for saccade 

events[25],[26].At the left frontal electrode (AF7), a 

saccade was registered at 300ms, and suppression (in 

dark blue) seen at 8-30 Hz and 300 to 500 ms.  At the 

right occipital electrode O2, suppression follows the 

saccade registered at around 350 ms, from 70 – 90 Hz 

and 350 to 450 ms.  

 
Figure 3: Saccades are indicated by gamma bands (in 

red) at around 300 – 350 ms and above 30 Hz. 

Suppression is shown in dark blue in electrodes AF7: 

<40Hz, O2, >70Hz. 

III. DISCUSSION AND CONCLUSION 

The results were obtained using known correlated 

firing data from primates and it is assumed that they 

fall in the order of the range in humans. Intrasaccadic  

contrast  sensitivity  changes  could  be  caused  by  

neural optical, biophysical, or mechanical factors[29]. 

We have proposed two factors, the first is neural in 

origin, the  correllated firing of parasol ganglions and 

the second is biophysical, which is the windowing 

effect of saccades and fixations. During fixations 

lasting about 250 ms, the temporal frequencies 

detected by the MP are band limited within 2 Hz and 

50 Hz.  During saccades lasting about 25 ms, the 

temporal frequencies detected by the MP are band 

limited within 20 Hz and 50 Hz.  The correlated firing 

mechanism is like a sampling device.   It samples a 

visual scene regularly to obtain information.   In this 

case, when the temporal changes in a scene to be 
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sampled is shorter than the sampling time itself, then it 

will be unable to extract any information about the 

temporal changes in the scene. The  upper  limits  of  

the  frequencies  were  found  using  straight  forward 

signal  analysis  methods.   Other   researchers have 

indicated high frequency gamma oscillation   30 Hz in 

the MP and low frequency theta oscillations in the 

PP[1, 11, 30, 31, 32, 33].  Our analysis indicate that 

within the scope of the correlated firing data, the 

magnocellular pathway can detect temporal frequency 

changes up to 50 Hz. 

It is also interesting to note that there is a close link 

between dyslexics and eye saccades which have been 

suggested by numerous authors [8, 34].  Note that the 

increase in the window size of eye saccades i.e.  longer 

saccades, will bring down the lower bound of signals 

entering the magnocellular pathway during saccades. 

 

A. Magnocellular signals during Fixation and 

Saccades while reading.  

The  correlated  firing  time  of  the  parasol  

ganglions  is  10  ms  i.e.   also lower than the fixation 

time of 250 ms.  Thus the sufficiently long fixation 

time allows the ganglions to sample the visual scene 

every 10 ms during the fixation time.  Hence, during 

fixations, the MP receive visual inputs. The correlated 

firing time of the magnocellular ganglions of 10 ms is 

also lower than the saccade time.  Thus the time 

window of a saccade (25ms) allows the parasol 

ganglions to sample the visual scene every 10 ms 

during the progression of a saccade.  saccadic motion.  

This indicates that the MP will  be  able  to  detect  

signals  with  temporal  frequencies  from  20  Hz  to  a 

maximum of 50 Hz.  Note that during saccades, visual 

signals with temporal frequencies below 20 Hz will 

not be distinguishable from a stationary 

signal(DC)[35],[27]. 

 

B.  The Magnocellular Deficit Theory 

The allowed temporal frequencies of the visual 

signals while reading in the MP during periods of 

fixations and saccadic activity have been calculated. In 

reading, during the 250 ms period of a fixation the 

parasol cells serving the MP can fire up to 25 times 

since they have a correlated firing time of10 ms.  This 

phenomenon will explain the large sensitivity in the 

MP during fixations. During saccades, we can see that 

although the magnocellular is activated[32] the 

parasol cells serving the MP can fire at least 2 times 

since they have a correlated  firing  time  of  10  ms.   

This  will  reduce  the  magnocellular  signal when 

compared to its activity during fixations.  This can 

explain the phenomenon of saccadic suppression in 

the MP as discussed by several authors[2],[37],[38].  

Note that larger saccade time intervals will increase 

the number of firing ganglions that are detected and 

smaller saccade time intervals will reduce the number 

of firing ganglions detected.  The result from this 

study also  indicates  that  visual  sensitivity  tests  

require  flicker  frequencies  beginning from 2 Hz up 

to at least 50 Hz to comprehend the nature of saccadic 

suppression better During fixations as shown in Table 

2, one would expect good signal amplitude in the MP 

from 2 Hz up to 50 Hz.  During this period, we can 

expect the parasol ganglions up to 25 times.  During 

saccades as shown in Table 2, there will be no signals 

in the MP at flicker frequencies below 20 Hz.  From 

20 to 50 Hz the MP responds to flicker.  The parasol 

ganglions can fire only around 2.5 times resulting in 

reduced magnitude of the neural signals.  Suppose the 

saccade  window  reduces  from  25  ms  to  15  ms,  

then  the  parasol  ganglions can only fire only once per 

saccade, further reducing the magnitude of the 

magnocellular signal. 

IV. CONCLUSION 

In conclusion, the combined effect of correlated 

firing of the parasol ganglions and the windowing 

effect of fixations and saccades provides a possible 

explanation  for  the  observed  phenomenon  known  

as  saccadic  suppression [2],  [8],[33],[34].   Using 

EEG, saccadic suppression has been recorded  by  

various electrodes on the scalp. Depending on 

electrode location, suppression has been observed 

before, during and after saccade events. Note   that  

this  observed  changes  in  the  neural  signals  quality 



 

 

January - February 2020 

ISSN: 0193 - 4120 Page No. 11845 - 11851 

 

 

11850 Published by: The Mattingley Publishing Co., Inc. 

in the magnocellular pathway has been understood 

without any active or passive suppression by any other 

agent.  
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