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It is very important to understand human visual characteristics in the wide-view condition for traffic safety. In the present study,
we focus on human basic visual characteristics of retinotopic mapping by using functional Magnetic Resonance Imaging (fMRI), and

provide basic research results for traffic safety.

Previous fMRI studies on human visual retinotopic mapping are typically used for central and/or peri-central visual field stimulus.

The retinotopic characteristics on human peripheral vision are still not well known. In this study, we developed a new visual presenta-
tion system widest view (60 degrees of eccentricity). The wide-view visual presentation system was made from nonmagnetic optical
fibers and a contact lens, so it can used in general clinical fMRI conditions and the cost is lower.

In the present study, by using the newly developed wide view visual presentation system, we have firstly been able to gain suc-
cess in the world to identify the human primary visual cortex (V1) with an eccentricity of 60 degrees and the quantitative relationship
between V1and peripheral visual field (eccentricity up to 60 degrees) by fMRI. In addition, we estimated the mean area for the V1
between 0-60 degree eccentricities, and acquired the areal cortical magnification function for V1 between 0-60 degree eccentricities
was Myea = 272/(E+1.44)2. The mean cortical surface area of V1 between the 0-60 degree eccentricities was about 2229 mm2. Our

results have good agreement with using physiological, patient and anatomical measurements.

From the results of the present study, it is explained why traffic accidences easily take place on crossings. In the human brain
visual cortex (V1), only a small cortical area is used to process visual information from the peripheral visual field. The basic results
suggest that drivers are unable to recognise the dangerous information from both sides of peripheral vision.
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1. INTRODUCTION

In Japan, more than 5000 people die due to traffic
accidents every year. In 2007, there were a total of 832,454
traffic accidents, and the number of injured persons was
1,034,445 and 5,744 persons died!. Statistical analysis
showed that crossroads and old people are two factors
which cause traffic accidents!. At a crossroad, drivers
need to observe the surrounding situation of both sides by
using their peripheral vision. Previous research has shown
that the vision of the elderly will decline with an increase
in age?23. So it is important from the view of traffic safety
to study the characteristics of peripheral vision of the hu-
man brain.

In the human visual pathway, visual information
passes from the retina to the lateral geniculate nucleus
and then to the human primary visual cortex. Therefore,
the human primary visual cortex (V1) contains a map of
visual space. To a good approximation, each two-dimen-
sional (2D) location in the visual field is represented at a
single physical location within V1. Some researchers tried
to realize retinotopic mapping using functional magnetic
resonance imaging (fMRI). Previous human retinotopic
studies by fMRI have identified the V146, placing it be-
tween the occipital pole and the lateral end of the parieto-
occipital sulcus (POS). Some results were observed by
the use of visual stimuli mainly limited to central and/or
peri-central visual fields from 8° to 30° of eccentricity by
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fMRI studies. Such stimuli do not directly activate much
of the periphery in V1. Consequently, the anatomical and
physiological characteristics of human peripheral vision
above 30° of eccentricity are still not clear from the fMRI
study.

The cortical magnification factor was defined by
Daniel and Whitteridge to be the distance in the cortex (in
millimeters) devoted to representing a step of 1 degree in
visual space’. Therefore, the cortical magnification factor
is correlated with the characteristics of visual field. If the
mapping function is analyzed in detail, then the magnifi-
cation factor represents the magnitude of the derivative of
the mapping. The area of cortical magnification (the area
of cortical surface in mm? per area of visual field in deg?)
is often described by the function: M e, = a/(E+b)? for
V1, where E indicates eccentricity in degrees, and a and
b are constants.

Many studies have typically used a cortical magni-
fication factor to quantify the relationship between the
V1 surface area and a visual field and have indicated that
the cortical magnification factor within the human V1 is
correlated with visual acuity thresholds8. Therefore, by
estimating a cortical magnification factor, we can com-
pare central and peripheral visual performances in hu-
mans.

In this study, we developed a wide-view visual stim-
ulus presentation system and used it for mapping the hu-
man retinotopic organization of the far peripheral visual
field up to 120° larger than the previous 60° by fMRI. We
also estimated the cortical surface area of the V1. We used
fMRI to examine the areal cortical magnification from 0°
to 60° of eccentricity to investigate the quantitative rela-
tionship between the V1 surface area and human pe-
ripheral visual field. Our results are used to discuss the
relationship of peripheral vision and traffic safety.

2. DEVELOPMENT OF A WIDE-VIEW VISUAL
PRESENTATION SYSTEM

The visual stimuli presentation system shown in
Figure 1 consists of the entrance apparatus and the presen-
tation apparatus. The entrance apparatus includes a sec-
tion of optical fiber bundles (CK-20, Eska; Mitsubishi,
Japan) supported by a stand, a DLP projector (UPS-100;
PLUS, Japan) by which stimuli are projected onto the fi-
ber bundle section, and a personal computer (CF-R4;
Panasonic, Japan) used to control the stimulus presenta-
tion sequence. Figure 2 shows the entrance apparatus.
As shown in Figure 3, the presentation apparatus contains
the stimulation transmission optical fiber bundles and the
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Presentation apparatus

Entrance apparatus

i Projectorl

Personal
Computer

Fig. 1 Visual stimuli presentation system includes an
entrance apparatus and apresentation apparatus
which are surrounded by the dashed line respec-
tively. The center graph is broken-out section of
A which is marked in the system.

Optic fiber bundle

Projector

Fig. 2 The entrance apparatus includes an optical fiber
bundle, a projector and a personal computer. The
projector is 700 mm away from the fiber bundles.
The computeris usedto produce the presentation
stimuli. The stimuli are projected onto the fiber
bundles by the projector. The right-bottom graph
is the broken-out section of A which is marked
in the apparatus.

structure used to fix the fiber bundles. The optical fiber
bundle, composed of a 0.5-mm-diameter optical fiber,
has a diameter of 52 mm and a length of approximately
5,500 mm. A flexible plastic sleeve is used to protect the
fiber bundle. Black tape, fixed to the outside of the plastic
sleeve, prevents light leakage between the fiber bundle
and outside environment. The optical fiber bundles of the
entrance apparatus are comprised of a flat surface, but the
screen has a curved surface with a radius of 30 mm. The
whole system is made of nonmagnetic polyester plastic,
preventing any influence from the magnetic field of the
MRI. Inside the scanner, a plastic optical bundle holder
rests on the head coil and supports the optical bundle.
The holder is made of non-ferrous materials (PVC).
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Fig. 3 Presentationapparatus contains the stimulation
transmission optical fiber bundles and the
structure used to fix the fiber bundles. The right-
bottom graph is an enlarged drawing of red
circled area, which is marked in the apparatus.

It is easy to set up and remove, and allows adjustment of
the optic bundle position to accommodate various head
sizes, eye positions, and interpupillary distances. The dis-
tance from the center of the optical fiber bundle screen to
the eye is 30 mm.

3. MATERIALS AND METHODS

3.1 Subjects and stimuli

Eight healthy subjects without previous neurologi-
cal or psychiatric disorders (age 19-31 years, mean 25
years; two women, six men) participated in the study.
The subjects had normal or corrected-to-normal vision
and were right-handed. We obtained written informed
consent from all subjects before the experiment. The study
was approved by the Institutional Research Review Board
of Kagawa University, Japan.

Visual stimuli were created on a display using a
resolution of 800 x 600 pixels. The display stimulus was
brought to the subject’s eyes within the scanner by a
wide-view optical-fiber presentation system. Monocular
(right eye) presentations were accomplished; the optical-
fiber screen (surface-curved with a radius of 30 mm) was
placed in the center of the 30 mm radius from a subject’s
eye. The visual field of stimulus was 120° horizontal X

7.5° 15° 22.5° 30° 37.5° 45°

Fig. 4 Rotating and expanding visual stimuli. (a: is the
rotating stimulus which is a wedge with checker-
board pattern rotating in steps of 22.5°, b: is the
expanding stimuluswhichisaringwithachecker-
board pattern moving from the center to the
periphery in 7.5° steps)

120° vertical. Because the screen was so close to the eye,
subjects wore a contact lens (Menicon soft MA; Meni-
con, Japan. with 20x, 22x, 25x magnification) to retain
their length of focus.

To identify the retinotopic areas of the visual cortex,
we carried out fMRI scans while subjects viewed phase-
encoding stimuli*®9. A high-contrast, black-and-white,
radial checkerboard pattern (mean luminance 110cd/m?2,
contrast 97%) reversed contrast at a frequency of 8 Hz,
with eccentricity ranging from 0° to 60° visual angles. As
shown in Figure 4, two types of stimulus were used for
locating visual area boundaries and estimating eccentric-
ity. In Figure 4a, the stimulus for locating boundaries was
a22.5° wedge that rotated slowly counterclockwise about
a red fixation spot at the center of the stimuli. The wedge
rotated in steps of 22.5°, remaining in each position for
4s before instantaneously rotating to the next position. In
Figure 4b, the stimulus for estimating eccentricity was
an expanding checkered annulus. The flickering radial
checkerboard was moved from the center to the periphery
in discrete steps (each step 7.5°, with a total of eight
steps), remaining at each position for 8s before instanta-
neously expanding to the next position. Each experimen-
tal run lasted 300s. In each run, four complete rotations
and expansions of the flickering checkerboard were pre-
sented. Six such runs were conducted, three using wedges
and another three using rings. All experiments used pas-
sive viewing, and subjects were required to maintain fixa-
tion throughout the period of scan acquisition. To
minimize head motion, each subject’s head was stabi-
lized with foam pads. All subjects wore a black mask to
cover the left eye.
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3.2 MRI data acquisition

The fMRI experiment was performed usinga 1.5 T
Philips clinical scanner (Intera Achieva; Best, The Neth-
erlands). All images were acquired using a standard
radio-frequency head coil. We acquired 23 slices approxi-
mately orthogonal to the calcarine sulcus of the brain to
cover most of the cortical visual areas. The T2*-weighted
gradient echo-planner imaging sequence was used with
the following parameters: TR/TE = 2000/50 ms; FA =
90°; matrix size = 64 x 64; and voxel size =3 X 3 x 3 mm.
Before acquiring the functional images, T2-weighted
anatomical images were obtained in the same planes as
the functional images, using the spin echo sequence. A
T1-weighted high-resolution image was also acquired af-
ter each functional experiment.

3.3 Data analysis

The functional and anatomical data were pro-
cessed using the BrainVoyager software package (Brain
Innovation, Masstricht, Netherlands). After preprocess-
ing the functional data, anatomical data was processed.
The recorded high-resolution T1-weighted three-dimen-
sional (3-D) recordings were used for surface reconstruc-
tion. The gray and white matter was segmented using a
region-growing method, and the gray matter cortical sur-
face was reconstructed. Prior to surface flattening, the
cortical surface was inflated and cut along the calcarine
sulcus from the occipital pole to slightly anterior of the
POS!0,

The functional data were aligned onto the 3-D ana-
tomic image using the image coordinates. To identify
boundaries (wedge stimuli), maps were created based on
cross-correlation values for each voxel, determined by a
standard hemodynamic box-car function (r = 0.2). We
identified the boundaries of the V1 by hand based on the
horizontal and vertical meridians and knowledge of the
retinotopic organization of the visual cortex!!.

All volume measurements were made on the 3-D
anatomical image. Under each eccentricity condition
(0°=7.5°, 7.5°-15°, 15°-22.5°, 22.5°-30°, 30°-37.5°,
37.5°-45°, 45°-52.5°, 52.5°-60°), each strongest-re-
sponse voxel in the V1 was counted as active for each 3-
D anatomical image. Because the voxel size is 1 X 1 X 1
mm, the active voxel volume in the V1 for each eccentric-
ity condition equals the counted number of voxels. If we
assume that cortical thickness was invariable in the V1,
then the V1 surface area can be obtained by dividing the
voxel volume by the cortical thickness, assumed here to
be 2.5 mm!2.

112 o 1aTSS RESEARCH Vol.32 No.2, 2008

4. RESULTS

4.1 Eccentricity representation

We conducted eccentricity mapping for the human
visual cortex. Figure 5 shows a color plot of one subject’s
response to the expanding ring stimulus in both hemi-
spheres. The color hue at each cortical surface point again
indicates the response phase and is proportional to the
eccentricity of the local visual field representation. As the
expending ring stimulus moved from the fovea to the pe-
riphery of the retina, the locus of the responding neurons
varied from posterior to anterior portions of the calcarine
sulcus in what is referred to as the eccentricity dimension
of retinotopy. The most peripheral representation was at
the medial end of the POS. Similar results were obtained
for all subjects.

“ )
JS. * DB

Fig. 5 Retinotopy of eccentricity representation in the
visual cortex is shown by fMRI mapping. Phase-
encoded eccentricity maps rendered on close-
up views of the flattened left hemisphere (L.H.)
and right hemisphere (R.H.) of one subject (D.
B). The hue of the color at each cortical surface
point indicates the response phase, which is
proportional to the eccentricity of the local visual
field representation (Center disk). Representa-
tions of central region through more peripheral
eccentricities are coded using red, yellow, and
blue, respectively. The peripheral representation
arrives at the parieto-occipital sulcus (POS).
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Table 1 Cortical surface area of V1

Cortical surface area (mm2)

Subject Hemisphere
Ventral Dorsal Total
1 Left 1175 1093 2268
Right 1198 1178 2376
2 Left 1060 1194 2254
Right 1121 1233 2354
3 Left 1268 1398 2667
Right 1290 1098 2388
4 Left 955 1257 2211
Right 1167 1333 2500
5 Left 916 925 1841
Right 1249 1187 2435
6 Left 1171 1182 2353
Right 1276 1069 2345
7 Left 704 1059 1763
Right 853 938 1791
8 Left 836 954 1790
Right 1137 1197 2334

meanzs.e.m 1086164 1143148 2229499

4.2 Surface area

Table 1 lists measurements of the V1 surface area
representing the Eccentricity from 0° to 60°. The V1 sur-
face area was estimated by the number of active voxels
under all eight eccentricity conditions divided by the av-
erage cortical thickness (2.5 mm). Values for right and
left hemispheres, dorsal and ventral aspects are listed
separately for each subject. A one-block (8 subjects) two-
way (2 hemispheres, 2 anatomical positions) ANOVA
revealed no significant difference between the left and
right hemisphere V1 surface areas [F(1, 21) =4.248; P =
0.052] and no significant difference between the dorsal
and ventral region V1 surface areas [F(1, 21) = 1.894; P =
0.183].

Surface area estimates of V1 based on V1 represen-
tation of the visual field for 0° to 60° eccentricity. The
measurements are shown for the right and left hemi-
spheres and dorsal and ventral aspects of V1 in the eight
subjects (16 hemispheres). Various summary statistics
are listed at the bottom of the table. The V1 surface area
was based on the number of active voxels for the eight
eccentricity conditions divided by the average cortical
thickness (2.5 mm).

4.3 Areal cortical magnification

Figure 6 shows areal cortical magnification!? func-
tions from the current data, across all hemispheres im-
aged compared to data from Horton and Hoyt!4. In this
figure, the solid line denotes the data from this study, and
the error bar indicates the standard error for all hemi-
spheres. The dotted line shows results from Horton and
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Fig. 6 Areacortical magnification functions from data
acquired fromall hemispheresimaged. The solid
line indicates data from this study. The error bar
denotes the standard error for all hemispheres.
The dotted line shows results by Horton and
Hoyt’s4 patients study, M, = 300/(E + 0.75)2,
and the line with the long dash and double dots
represents the data from this study applied to
the best-fit equation, Myeq = 272/(E + 1.44)2.

Hoyt’s!4 equation Mea1 = 300/(E + 0.75)2, and the
dashed, double-dotted line shows our data for the best-fit
equation Myeq = 272/(E + 1.44)2. As shown in the figure,
the two sets of data agree well. The areal magnification
function decreased systematically with an increase in ec-
centricity. Three-way (2 hemispheres, 8 eccentricities, 2
anatomical positions) repeated-measures analysis of vari-
ance (ANOVA; p values calculated using Greenhouse—
Geisser correction) revealed no significant difference
between the left and right hemisphere V1 areal magnifi-
cation factors [F(1, 21) = 4.248; P = 0.299]. Differences
were significant between the dorsal and ventral region V1
areal magnification factors [F(1, 21) = 1.894; P < 0.05].

5. DISCUSSION

Our results indicate that the most peripheral repre-
sentation locates in the fundus of the POS. Previous fMRI
studies of human retinotopic mapping have identified the
V1 using the visual stimulus limited to the central and/or
peri-central visual field40:15.16, The stimuli used did not
directly activate much of the periphery in V1, and it was
hard to compare with physiological studies of human pe-
ripheral vision above 30° of eccentricity. Using wide-view
visual presentation system, we estimated that the V1 has
an average surface size of approximately 2229 mm?2,
which represents the portion of visual field eccentricity

JATSS RESEARCH Vol.32 No.2, 2008 » 113



TRANSPORTATION

from 0° to 60°. Our estimates are consistent with the re-
sults of other physiological and fMRI studies®-17-20,

Some studies using retinotopic mapping data from
macaques have attempted to mathematically model how
areal cortical magnification varies as a function of eccen-
tricity2!-23, giving a general function of M = a (b + E) c,
where E is eccentricity in degrees, and a, b, and ¢ are con-
stants. Assuming that the visual field map in the V1 con-
forms to pure logarithmic conformal mapping, the constant
¢ would equal -2 for areal cortical magnification. This
function fit the present data very well, using the param-
eters ¢ = 272 and b = 1.44 for the V1. Horton and Hoyt
proposed that the function M, = 300/(E + 0.75) 2 de-
scribes the human areal cortical magnification factor
for V1 (Horton and Hoyt, 1991). Our results for area cor-
tical magnification are in close agreement with theirs. If
we assume that human linear cortical magnification is
isotropic in the V1, the square root of the present areal
cortical magnification function yields the following ex-
pression for the linear cortical magnification factor: Mjpeq,
=16.5/(E +1.44). Results using this equation agree closely
with various previous measurements of visual field rep-
resentation from O degress to 12 degrees*2*. In present
study, we quantitatively investigated the properties of pe-
ripheral visual field representation, which provided basic
data to make detailed predictions about the behavior of a
human peripheral visual field of V1.

Humans rely on their eyes to obtain visual informa-
tion and the visual information is in direct proportion to
the area of the visual field. The area of cortical magnifica-
tion is defined as the area of the cortical surface area of
the visual field. Therefore, the cortical magnification fac-
tor is correlated with the characteristics of the visual field.
As shown in Figure 7, the magnification is larger in lower
eccentricity (under 12degrees) which was defined as cen-
tral vision and smaller in higher eccentricity (above 12
degrees) which was defined as peripheral vision. When
the eccentricity is above 12 degrees, the magnification is
down to 1 mm? per degree2. That is, large cortical area
needs to process the visual information from the central
visual field, but small cortical area processes the visual
information from the peripheral visual field which the
area is significantly larger than the central. Humans rely
on central vision to obtain important visual information
and most visual information from the peripheral vision
could not be processed efficiently. At the crossroad inter-
section, drivers need to observe the surrounding situation
of both sides by peripheral vision. But in the human vi-
sual cortex, only a small cortical area is used to process
visual information from the peripheral visual field. There-
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Fig. 7 The correlation of cortical magnification factor
and traffic safety. The top-right graph is an ex-
ample that two cars meet at a crossroad inter-
section. The light color area is the central vision
of the driver of the blue car. The deep color area
is the peripheral vision of the driver. When cars
meet at the intersection, the driver usually ob-
serves the situation by peripheral vision. But
there is a low cortical magnification factor in the
peripheral vision. That is, only a small cortical
area processes the visual information from the
peripheral visual field which has large visual
information and most visual information from
the peripheral vision could not be processed
efficiently.

fore, crossroad intersections are more prone to traffic ac-
cidents, particularly in the narrow mouth of the road
while the driver needs the vision of greater eccentricity
on both sides to observe the road situation.

6. CONCLUSION

In this study, we quantitatively investigated the
functional characteristics of human peripheral visual
fields by fMRI. We analyzed the fMRI data to identify
the areal magnification factor and surface area size of the
V1 for a wide visual field of eccentricity up to 60° which
is larger than that in previous studies. Our experimental
results indicate that the function M e = 272/(E + 1.44)2
describes the human areal cortical magnification factor of
the V1 for an eccentricity of 0° to 60°. We also estimated
the average V1 surface area to be approximately 2229
mm?Z, This study demonstrated that by using wide-range
visual stimuli, fMRI studies can obtain results and pro-
vide basic data to make detailed predictions about the
behavior of a human peripheral visual field of V1.
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From the results of this study, we can explain why
traffic accidents easily take place at road intersections.
This is because the cortical area, which is used to process
visual information from peripheral visual field, is very
small, hence drivers cannot notice the danger from both
sides by peripheral vision. It is suggested that more obvi-
ous warning signs should be installed in the central vi-
sual field for drivers. In a narrow junction, drivers must
be trained to move their eyes rapidly and glance around
to view the situation on both sides.
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