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The visual field refers to the area visible during stable fixation of the eyes, specified in degrees of visual angle. Monocular measurement of
the visual field by perimetry shows that the left and the right half of the visual field are not the same size. The temporal visual field, defined
as extending from the vertical meridian toward the periphery, is considerably larger than the nasal visual field. Measurements along the
horizontal meridian show that targets up to 90 degrees eccentricity can be detected on the temporal side; the limit of light detection is 50 to
60 degrees on the nasal side (Pöppel and Harvey, 1973). The upper and lower halves of the visual field appear to be equal, with the limits at
approximately 50 to 60 degrees eccentricity, although there are large individual differences. If the visual fields of the two eyes are
superimposed as in normal vision, the binocular visual field covers up to 180 degrees along the horizontal meridian. The most eccentric part
of the temporal visual field that lies beyond the border of the nasal visual field of the other eye is called the monocular crescent. Thus,
binocular vision is provided only up to the border of the nasal visual field; the far periphery on the left and right side is seen monocularly.
Visual field measurements are often done using a white test target of high contrast on a highly homogeneous background; the target is
moved from the periphery toward the center of the visual field (dynamic perimetry). If, instead, light-difference threshold is measured at
various positions of the visual field of one eye using a stationary target (static perimetry), local sensitivity can be determined. Measurement
in the perimeter is typically done at 10 cd/m2 background luminance, that is, under photopic adaptation conditions. Under photopic
adaptation conditions, the fovea centralis has the highest sensitivity. The perifoveal region is characterized by a decreasing sensitivity
beginning at the fovea and ending approximately at 10 degrees eccentricity. Beyond this there is a plateau of constant sensitivity that
extends up to approximately 35 degrees eccentricity on the temporal side and up to 20 degrees eccentricity on the nasal side. Beyond this
plateau, sensitivity again decreases until the border of the visual field. The blind spot lies within the plateau region on the temporal side,
approximately between 14 and 18 degrees eccentricity along the horizontal meridian (Figure 1). Under scotopic adaptation, the fovea and
perifoveal region are less sensitive than more peripheral regions of the retina because of the shift from cone-dominated to rod-dominated
vision. Under these conditions, the most sensitive part of the retina lies at approximately 10 to 20 degrees horizontal eccentricity on the
temporal side. If a colored target instead of a white target is used for visual field measurement, subjects are able to detect the target as it is
moved from the periphery toward the center of the visual field at greater eccentricities than in tests where they can identify its color.
Sensitivity is always determined after full adaptation to the background luminance has taken place. The dependence of sensitivity on
background luminance is governed by Weber's law: The detectable luminance increment

L (increment threshold) is, over a wide range, a

constant fraction of background luminance L. The Weber fraction, or Weber contrast, L/L, is thus a suitable measure of sensitivity.
Deviations from Weber's law occur at the ends of the visible range of luminances, that is, at the absolute threshold in dark and in the high
photopic range (Hood and Finkelstein, 1986).
Although sensitivity varies throughout the visual field, apparent brightness remains constant under photopic adaptation; the percept does not
get darker toward the periphery of the visual field (Pöppel and Harvey, 1973). Constancy of brightness throughout the visual field can be
demonstrated by using a visual target of constant contrast that is above threshold for all eccentricities tested; it is then scaled with respect to
its apparent brightness by the technique of magnitude estimation. Apparent brightness is directly related to the physical energy of the visual
stimulus and not to local sensitivity of the retina. Note that this observation disproves Fechner's law as far as accounting for brightness
perception throughout the visual field. Under scotopic adaptation, constancy of brightness throughout the visual field is observed only for
the periphery; in order for foveal and perifoveal targets to appear equally bright they must have a higher contrast. For constancy of
brightness, one has to assume a neuronal mechanism that compensates for the changing sensitivity of the retina as a function of eccentricity.
It is still unclear where and how such a mechanism might work, although it has been suggested that it is already implemented at the retinal
level.
If the two eyes are properly aligned while fixating an object, each position in binocular visual space at a certain distance (called the
horopter) is imaged to corresponding retinal points. In case of a misalignment—that is, if the two visual axes do not cross at the target
location—the target is imaged to noncorresponding retinal points. Such a deviation of the visual axes may result in the experience of double
images because the visual fields of the two eyes no longer coincide. Proper alignment of the eyes is further necessary for stereoscopic
vision; if not corrected in early childhood, misalignment may result in a loss of stereoscopic vision and the reduction of sensitivity in one
eye.
Detection of a spot of light at every given position in the visual field is determined by both the spot's luminance and size. The
interrelationship of the two variables at the detection threshold is governed by Riccò's law of spatial summation, which states that the
product of the luminance increment over the background, L, and stimulus area is a constant (c) at any given visual field position (Hood
and Finkelstein, 1986; Strasburger, 2002). The diameter of the area around that position within which the law holds (i.e., in which
summation occurs) increases as an approximately linear function of eccentricity in the visual field. This area, termed the "perceptive field"

by Jung and Spillmann (1970), seems to correspond to the mean receptive field size. Fischer and May (1970) have generalized Riccò's law
to incorporate visual field eccentricity; in their model, Riccò's constant (c) increases as a second-order polynomial with eccentricity
(Strasburger, 2002).
Detection of light is slower in the visual periphery than it is in the center, as is evidenced by reaction time in perimetry. Detection time
increases as an approximately linear function with eccentricity by 1.8 milliseconds per degree visual angle and up to 30 degrees eccentricity
(Schiefer et al., 2001).
Detection of stimuli is a necessary prerequisite for the performance of more complex visual functions, as form and object recognition.
Detection is not a sufficient condition, however, and there is currently no general way of inferring, from detection performance, in which
parts of the visual field other visual functions are present. The areas in which such other functions are present are described by subfields of
the visual field of detection. The visual field of form recognition extends about ±40 degrees horizontally and ±30 degrees vertically. With
decreasing stimulus contrast, the field of recognition shrinks further in size and covers an increasingly smaller part of the field of detection
at same contrast. At the lowest visible contrast, recognition is confined to the foveal and perifoveal field (Strasburger, 2002; Strasburger and
Rentschler, 1996).Contrast sensitivity for the recognition of simple patterns (like digits or characters) can be described within the visual
field of form recognition by a product law (Strasburger, 2002)
(log C - log Coff) (S - Soff) = const.
where C is the target contrast threshold in Michelson units, S is the target size, and the limit values Coff and Soff at any visual field position
vary as approximately linear functions of retinal eccentricity E:
S=aE
log Coff = b0 + b1 E
Most (but not all) visual functions show a decline in performance with increasingly eccentric stimulus position. When sensitivity can be
measured by a spatial measure, like spatial resolution for acuity or the size of Panum's area of binocular fusion in stereo vision, that spatial
threshold mostly increases as a linear function with retinal eccentricity. Aubert and Foerster (1857) illustrated this for the task of separating
two dots (two-point resolution); over the 150 years since, many more functions have been such described. The rate at which performance
declines with eccentricity (i.e., the slope of that linear function) is different between the different functions, however. To describe that
decline by a single number, the E2 value has been proposed, defined as the eccentricity at which the foveal value has doubled (Levi et al.,
1985). Note that at larger eccentricities deviations from linearity often occur, such that the E2 value is most useful at smaller eccentricities.
Another class of sensitivity measures, including contrast sensitivity, cannot be expressed in the space domain. For these, their variation
across the visual field can be minimized by appropriately scaling the stimulus size, called M scaling. By M scaling, the contrast sensitivity
function can be made much less dependent on visual field position, with a variation of peak sensitivity across the visual field by about a
factor of two remaining (Koenderink et al., 1978; Rovamo and Virsu, 1979).
The distribution of visual attention plays a most important role in all peripheral visual functions. In the late 19th century, Von Helmholtz
reported that targets are better recognized when they are voluntarily attended without shifting visual fixation. The now popular notion of an
attentional spotlight, pointing at a part of the visual scene which is then better perceived, had already been formulated by Johannes Müller
in the early 19th century. Modern research has secured and quantitatively refined the concept (Eriksen and Eriksen, 1974; Posner et al.,
1984; see Gazzaniga, 1999 for a review). With respect to the visual field, the size and location of the attentional focus influence the size of
the visual field and the performance within, as inherent in the concepts of a "form-resolving field" (Geiger et al., 1992) or the "useful field
of view" (Ball et al., 1993). Many if not all visual functions depend on attention, including reaction time and contrast sensitivity.
Spatial attention, or its limited precision, also underlies the phenomenon known as lateral masking or the crowding effect. Both terms
describe the fact that patterns in the vicinity of a visual target hinder perception of its form (He et al., 1996; Strasburger, 2002; Strasburger
et al., 1991). The effect is weak in normal, adult foveal vision but is the overriding factor in all of the visual field outside the very center (of
2 degrees diameter). It further plays an important role in foveal form perception of children, and might be the reason why children prefer
large print in normal reading. The crowding effect is also important in a kind of disturbed form vision known as amblyopia. Central vision
in amblyopia seems organized similarly to normal eccentric vision, such that in amblyopic vision a functional fovea is lacking.
How is the visual field represented in the brain? The first observation on visual field representation may have been that of Descartes, who
discovered that left and right and top and bottom of an object are reversed on the retina. Thus, the temporal visual field of each eye is
represented on the nasal half of the retina, and the nasal visual field on the temporal retina. If one fixates an object and draws a vertical line
through the fixation point (this is the vertical meridian), everything that is to the left of this line is represented on the nasal half of the retina

of the left eye, and on the temporal half of the retina of the right eye. Everything to the right of this line is represented on the nasal retina of
the right eye, and on the temporal retina of the left eye. Through the optics of the eye, the visual angle of eccentricity in the visual field is
translated one-to-one to an angle of retinal eccentricity.
The output of retinal information processing is collected in approximately 1 million ganglion cells, whose axons form the optic nerve.
Where the optic nerve leaves the eye at the optic disk corresponds perceptually to the blind spot in the visual field. The optic nerve is split
into halves at the optic chiasm. Those axons that carry information from the nasal retina cross over to the other side of the brain and those
axons coming from the temporal retina stay on the same side. The fiber bundle beyond the optic chiasm, the optic tract, contains the
information that comes from the nasal retina of one eye and the temporal retina of the other. In summary, each visual half field is projected
to the contralateral side of the brain and is thus represented on the same side as the corresponding (left of right) hand or other extremity.
Most of the fibers coming from the retina project to the lateral geniculate nucleus (LGN), a subcortical brain structure located in the
thalamus, with six layers each innervated by either the right or the left eye. Neurons in adjacent positions in the different layers are
innervated by retinal fibers that represent corresponding retinal points of the two eyes. The representation of the retina in the LGN is thus
retinotopic: The spatial neighborhood relationships in visual space (its "topology") are preserved through the retina to the LGN, although
within the optic nerve and the optic tract such retinotopy appears to be absent.
Interestingly, the two nuclei of the thalamus most closely neighboring the LGN - the medial geniculate nucleus and the ventrolateral
posterior nucleus - carry, respectively, the projections of the two other main senses, hearing and touch. Both show topographic organization,
tonotopy and somatotopy. A common organizational principle may thus underlie our three main senses.
The LGN projects to the striate cortex via the optic radiation, and the visual field representation in the striate cortex (also called the visual
cortex, Area 17, occipital lobe, or V1) retains its retinotopy. At the striate cortex, the separate representations of the visual field in the
different layers of the LGN are fused into one visual field representation by way of binocular innervation of cortical neurons. The specific
retinotopic representation of the visual field in humans has been mapped with the help of brain-injured patients who had suffered total or
partial lesions of the striate cortex (Teuber et al., 1960). The total loss of striate cortex within one hemisphere results in a complete
homonymous hemianopia. A patient with such a condition has no vision in the temporal visual field of one eye and in the nasal visual field
of the other. Often such patients show a foveal sparing, which indicates that the fovea of each eye is represented in both hemispheres. Visual
field defects can occur for a number of traumatic reasons and can take any form and size in the visual field.
Retinotopy has been studied since the pioneering work of Inouye (1909) and the famous map of Holmes (1945). This map shows the
representation of visual space in the primary visual cortex of humans. The vertical meridian is represented along the perimeter of the striate
cortex, and the horizontal meridian runs across the base of the calcarine fissure. The macula is at the occipital pole and the periphery is
mapped anteriorly up to the junction of the calcarine and parieto-occipital fissure. That junction represents the outer, contralateral visual
field border. Most of the striate cortex is buried within the calcarine fissure. A more recent map by Horton and Hoyt (1991) differs from the
Holmes map in that the representation of the fovea is much larger. Nowadays, retinotopy can also be studied noninvasively by functional
magnetic resonance imaging (fMRI) (DeYoe et al., 1994). The borders of V1, V2, and V3 can be delineated very well, and work is
underway to arrive at more precise scaling within V1.
Although the representation of the visual field at the striate cortex is retinotopic, the cortex does not devote equal neuronal space to equal
visual space. The foveal and perifoveal region get much greater emphasis than the periphery, and this fact is expressed by way of the socalled cortical magnification factor M (Daniel and Whitteridge, 1961; Talbot and Marshall, 1941). Not only is the density of receptors vastly
higher in the central retina but more neuronal machinery is also provided for the same region: Retinal ganglion cells that process
information from the central visual field are much more densely packed, and each retinal ganglion cell in turn seems to innervate (via the
LGN) a roughly equal area of striate cortex. About an 8-mm linear extent of the cortical area corresponds to 1 degree of visual angle in the
central fovea, and this number decreases as an inverse linear function of visual field eccentricity, being halved at about 1.3 to 4.0 degrees
eccentricity (Strasburger, 2002). Note that current estimates of the value of M in the very center of the fovea vary widely (between 8 and 23
mm/degree) because of methodological difficulties.
There have been numerous attempts to link behavioral, psychophysical data on the inhomogeneity of visual function across the visual field
to the anatomical and physiological results (Strasburger, 2002; Strasburger and Rentschler, 1996). Cowey and Rolls (1974) showed that the
classic human visual acuity data acquired by Wertheim (1887) matched rather well a psychophysiological measure of the inhomogeneity of
V1, namely the distribution of phosphenes (illusory light perception) elicited by electrical brain stimulation with implanted electrodes.
Rovamo and Virsu (1979) reported a similarity between the spatial scale of the contrast sensitivity function and the cortical magnification
factor M. However, higher level visual functions, such as form perception and symmetry perception, show a decline in performance with
increasing eccentricities unaccounted for by the M factor (Drasdo, 1991; Strasburger, 2002; Strasburger et al., 1994). The gradual decrease
of spatial visual performance with increasing eccentricity in the visual field can thus be explained partly, but by no means fully, by the
properties of the retinocortical pathway.

The striate cortex is surrounded by secondary areas that are also concerned with visual information processing. These extrastriate areas
appear to be specialized for the analysis of particular categories of visual information such as depth, movement, or color. The projections to
higher areas seem organized into two streams. A ventral stream, leading to the inferotemporal cortex (and ventrolateral prefrontal cortex),
seems specialized to object recognition. A dorsal stream, leading to the posterior parietal cortex (and dorsolateral prefrontal cortex), seems
specialized to the processing of spatial relationships or positional information (Ungerleider and Mishkin, 1982). As one moves up this path
of projections, the representation of the visual field in each of those higher areas is increasingly less retinotopic and is decreased in visual
field extent.
The visual field is also mapped onto subcortical structures like the pulvinar of the thalamus, the reticular nucleus of the thalamus, or the
superior colliculus in the midbrain. With an injury in the geniculostriatal pathway, these retinal projections usually remain intact. This is
why the retinocollicular or the retinopulvinar pathways are assumed to mediate certain visual functions in blindsight (Pöppel et al., 1973;
Stoerig and Cowey, 1992; Stoerig and Pöppel, 1986; Weiskrantz et al., 1974). The collicular representation of the visual field is probably
also essential for the programming of saccadic eye movements. It is conceivable that a visual stimulus from the periphery of the visual field
elicits directly a proper saccade on the basis of the collicular representation alone without involving the cortical representation. Thus, the
superior colliculus has been considered an important link between the sensory representation of the visual field and the oculomotor system.
The reticular nucleus of the thalamus in turn has been suggested to be a part in the implementation of a spatial attentional spotlight (Crick,
1984, based on Skinner and Yingling, 1977).
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Figure 1. Light-difference threshold ( L/L, L = luminance) isopters for the right eye (author E.P.) is determined with a 10-minute arc
target. The target was presented for 200 msec on a 0.85 millilambert (2.7 cd/m2) background. The visual field is represented in polar
coordinates with the fovea at the origin. Horizontal and vertical meridians are marked at 10° intervals; the Weber contrast for the isopters is
shown in the right lower quadrant. The contrast for foveal vision under these conditions (for the right eye of E.P.) is 0.1. The isopters are
based on measurements along 12 meridians. The measurements along each meridian were obtained in steps of 2 degrees visual angle from
the fovea to the limits of the visual field. Note the plateau of constant light-difference threshold surrounding the foveal and perifoveal region
with its pronounced extension into the temporal visual field (nasal retina).
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