
IFMBE Proceedings Vol. 14/3

1388 Volume 3  Track 09 

 

Optimization of visual tasks for detecting visual cortex activity in fMRI studies 
A. Mirzajani1,2, N. Riyahi-Alam2,3, M.A. Oghabian2,3, M. Bakhtiary2, H. Saberi4, K. Firouznia5 

1Optometry & Vision Research Department, Iran University of Medical Sciences, Tehran, Iran 
2Medical Physics Department, Tehran University of Medical Sciences, Tehran, Iran 

3Research Center for Science and Technology in Medicine, Tehran University of Medical Sciences, Tehran, Iran 
4Neurosurgery Department, Tehran University of Medical Sciences, Tehran, Iran 

5Radiology Department, Tehran University of Medical Sciences, Tehran, Iran 

Abstract— The aim of this study was to optimize visual 
stimuli in various forms of visual tasks for acquiring signifi-
cant and robust signals. The effects of physical parameters of 
visual stimuli for detecting visual cortical activity were evalu-
ated by functional magnetic resonance imaging. These pa-
rameters were temporal frequency (TF), spatial frequency 
(SF), the different patterns of activation including: square 
wave and sine wave grating, and two different states of rest 
including black and white screen. Functional Magnetic Reso-
nance Imaging (fMRI) was performed by 1.5 Tesla General 
Electric system in 14 volunteers (9 males and 5 females, range 
19-26 years). The activation map was created using the data 
obtained from the block designed fMRI study. Pixels whose Z 
value was above a threshold of 2.3, in significant level P=0.05 
were considered activated. The average percentage BOLD 
(blood oxygenation level dependent) signal change for all acti-
vated pixels within the occipital lobe, multiplied by the total 
number of activated pixels within the occipital lobe, was used 
as a measure for the strength of the fMRI signal at each state 
of TF& SF. The results demonstrated that the strength of the 
fMRI signal was maximum in the TF of 8 Hz with low spatial 
frequency of 0.50 cycle per degree (cpd) and using the black 
screen in the rest state. However there isn't significant differ-
ence between square-wave and sine-wave grating in producing 
visual activation in cortex. Physical parameters of visual tasks 
are effective in detecting visual cortical activity, and it is neces-
sary to consider them for taking significant and robust signal. 
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I. INTRODUCTION 

Functional magnetic resonance imaging (fMRI) is a good 
non-invasive method for evaluation and mapping of human 
brain especially visual cortex [1]. Because of the robust 
signal intensity changes associated with visual stimuli, 
fMRI is particularly useful for studying visual cortex [2]. 
The visual stimulations have various physical parameters 
such as temporal frequency, spatial frequency, luminance 
and contrast [3-4]. These physical parameters may cause 
some modulations on visual system. The effects of these 
physical parameters on how visual cortex response to visual 
stimulation has been investigated in some electro diagnostic 

studies such as visual evoked potentials in human [5-8] but 
with very fewer study in this field on functional magnetic 
resonance imaging (fMRI). 

In some fMRI studies the light flash is used as visual 
stimulation. These light flashes mostly are showed through 
special goggles called light-proof goggle [9-11]. 

In these visual stimuli the different levels of light intensi-
ties may change in a temporal period. It means that we can 
change only temporal frequency of visual stimuli.   In other 
studies gratings or checkerboards are used as visual stimula-
tion. In these visual tasks we can change temporal fre-
quency and also temporal frequency as a physical parameter 
of visual stimulation. In this study we tried to optimize 
visual stimuli in various forms of visual tasks for acquiring 
significant and robust signals. 

II. MATERIALS AND METHODS 

The effects of physical parameters of visual stimuli for 
detecting visual cortical activity are evaluated by functional 
magnetic resonance imaging. These parameters were tempo-
ral frequency (TF), the different patterns of activation in-
cluding: square wave and sine wave grating, and two differ-
ent states of rest including black and white screen. 

A. Visual Stimuli 

At first we calculated spatial frequency of visual stimuli 
regarding the distance from the subject's eyes to the screen 
(D) on which the images were projected by Eq.1 [3]. In this 
study the distance of screen to eyes was 515cm. So the 
linear value of arc in front of an angle of one degree can be 
calculated by equation 1. Based on this equation, the angle 
of 1o is corresponding to an arc of 8.99cm on screen in dis-
tance of 515 cm (Fig. 1). 

cmDL 99.8
360

51514.32
360
2  (1) 

When we projected a checkerboard with check size of 
8.99cm or a grating with strips width of 8.99cm on the 
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screen, the angular value of check size or strip width was 1o   
of arc. It means that spatial frequency of visual stimuli was 
0.5 cycle per degree (0.5cpd). 

 
Fig 1. Calculation of Spatial Frequency in a specific distance. The SF of 1o 
corresponds to two points separated as L=8.99cm at distance D=515 cm. 

B. Visual Task Planiing 

Visual tasks consisted of two periods in block design: ac-
tivation and rest. At activation period, the grating or check-
erboard images with special SF were displayed and inversed 
with special TF for 30 sec. At rest period, the uniform black 
or white screen displayed for 30 sec. In each trial, each 
block diagram repeats 3 times (task time=180sec). Visual 
tasks were created with Presentation software and projected 
on a white screen. Participants watched the screen through 
special mirror installed at head coil in front of subject's 
eyes. The participants have a visual field with extent of 6.68 

o x 6.68 o through the mirror. 
The contrast between black and white checks should be 

maximum but due to two transmission media (screen and 
viewing through mirror) it was smaller than 100% (Optical 
Transfer Function<100%). 

The luminances of white and black checks were meas-
ured by Leibold photocell as 172.2cd/m2 and 1.3cd/m2 
respectively. Then the Contrast between white and black 
checks was calculated by Eq. 2 [3]. This contrast was 
98.5%. 
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We used visual tasks with constant spatial frequency of 
0.5 cpd and contrast of 98.5% and evaluated the effect of 
temporal frequencies of 4, 6, 8 and 10 Hz on how the visual 
cortex response. Also we compared the effect of two differ-
ent pattern of stimuli (sinus-wave and square-wave) in acti-
vation phase and the effect  of using two different states of 
Black or white in rest phase. 

C. Subjects 

The subjects were 14 right-handed healthy volunteers (9 
males and 5 females, range 19-26 years; mean age ± S.D = 
22.4 ± 1.8). All subjects had normal visual acuity of 20/20 
in eyes based on snellen's chart examination, good binocular 
vision based on cover test and fly Titmus stereo acuity test 
results, and normal visual field assessed by confrontation 
test. There was no history of visual or other neurological 
problems in any subject. The volunteers gave written in-
formed consent to participate in this study. 
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Fig 2.  Functional maps superimposed on T1 anatomical images due to 
visual stimulations with temporal frequencies of (a)4, (b)6, (c)8 and (d)10 
Hz. (e) Strength of fMRI signal as a function of TF averaged in 14 sub-
jects. (the error bars representing the standard error of mean) 

D. Data acquisition 

Functional images obtained with a GE 1.5 T MRI system 
equipped with echo-planar (EPI) acquisition (TR = 3000 


