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HE TWO MODES OF PROCESSING CONCEPT AND
ELECTIVE VISUAL DECGRADATION

HE TWO MODES OF PROCESSING CONCEPT, recently
eveloped in neurophysiology, posits two
ndependent and dissociable modes of processing
isual information., The "focal" mode is eon-
erned with object discrimination and iden-
Ification, or more generally, the question of
what?". It is subserved primarily by the
orcex and is typically well represented in
onsciousness. PBecause focal functions involve
igher spatial freguencies, they are optimal in
he central visual field and systematically
elated to both luminance and refractive error.
he other mode of processing, referred cto as
ambient" wision, is concerned with spatial
rientation or mere generally the question of
where?'"'., The properties of the ambient mode

ecent developments which provide pew insighes
nto night driving accidents are reviewed.
glective Degradation: The mechanisms subserv-
ng steering are different from those under-
ying hazard recognition and these two modes of
rocessing visual information are selectively
mpaired at night. Although it is possible to
teer a vehicle as well at night as during the
ay, the abilicy te recognize and respond to
nfrequent hazards is seriously degraded. Night
yopla:r Many individuals become nearsighted
nder reduced illumination. The finding that
his is a normal consequence of the passive re-
urn of the accommodative system to an inter-
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differ along many dimensions in comparisom with
the focal mode. Alchough spatial orientation
iz certainly possible, if not superior, with
the central visual field, it is adegquate with
stimulation of the peripheral retina in spite
of its coarse resolution propercties. Low
spatial freguencies are sufficient for ambient
functions and are less sensitive to both
refractive error and luminance than foral
functions. For éxample, the radial loecaliza-
tion of single stimuli is unaffected by the
energy content of a visible stimulus or by
refractive error (1,2)}*. Circular vection, the
i1lusory sensation of self-motion induced by
moving visual scenes, iz only slightly in-
Fluenced over a wide range of stimulus para-

*Humbers in parentheses designate Hefarences
at end of paper.

mediate resting position has led to a procedure
to ameliorate this effect. By determining the
value of an individual's dark focus it is pos-
sible to provide a special night driving pre-
scription which effecrively eliminates night
myopia. MNight driving will always be hazardous.
To the extent the danger is caused by night
myopia it can be fully corrected by a simple
optical procedurs., However, because parc of the
risk resulrs from the unjustified self-
confidence associated with the seléctive depra-
dation of visual functions at night, other
procedures are necessary.
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meters as compared wicth Focal capacities (3,4},
,and poscural scabllity is enhanced even by the
presence of minimal luminance scimuli (5},

With respect to consciousness, the ambient
system i5 often poorly represented although

by directing attention one can be aware of
ambient activity.

A number of recent ablation studies with
animals as well as observations of brain
damaged humans have suggested thart it is pos-—
gible for some orientation ability to be spared
despite loss of focal vision. Weiskrantz has
teferred to this phenomencn as "blindsighe”,
and chere is an interescing and provocative
literature on this topic (5,7,8,9). Tor the
present purpose, the demonstration that it is
possible to walk while reading.demonstrates
the dissoeciakility of and some basic
characteriscics of focal and ambient functioms.
Even though attention is dominated by the
reading materisl, orientation in space is
carried out confidently and accuracely on the
basis of peripheral stimuli at an unconsciocus
or subconsclous level. Tf illumination is
lowered or the retinal image blurred, the
ability te read Is degraded but orientaticon
is relatively unimpaired. A recent summary
of the two modes of processing concept points
out how a number of interesting problems in
both basic and applied science can be fruitful-
ly interpreted in terms of these esmerging
concepts (10).

Unlike wvestibular stimuli, which normally
lead to the sensation of body motion, wvisual
motion stimuli allow for two perceptual
interpretations, either object— or self-motion.
& subject watching moving stimulil may perceive
himself as being stationary in space {ego-
centric motion perception) or will experience
the actually moving surroundings as being
stable and himself as being moved. The latter
illesion has been known for a long time but has
not been theoroughly studied under experimental
conditions until recently (for a review seec
reference 11}. Visual perception of self-
motion or circular veection is dependent both
on the density of moving contrascs within the
visual field and the total area of the
stimulus., Addicionally, with simultanecus
presentacion of foreground and background
apbokinetic stimuli, dynamiec visual spatial
orientation relies mainly on the information
frow the background (12). Aus analogous
situation, which illustrates the dissociation
of focal and ambient vision, exiscs while
riding in a car at constant velocicy where
self-mocion sensation is produced by a
relatcive backward motion of the surroundings
rather than the stable image of the car. The
driver looking in the rear view mirreor is able
to detect and to pursue single objects with
respect to himself and in relacion te the
environment without affecting the sensacion

of self-movement.

4 cricical problem in wehicle guidance
which can be better undarstocod in terms of
this approach is the high fregquency of night
driving accidents. Automobile accidencs, of
course, have multiple causes. The role of
illumination is demonstrated, however, by
studies which indicate that when other facrcors
are held constant, accidents increase
dramatically when {1lumination is lowered,
particularly those involving collisions with
pedestrians (13). Tt is well known that under
twilight and nighttime conditions many visual
capacities such as spatial resclution,
stereoscopic depth perception, ceoncrasc dis—
crimination, and reaction time are degraded.
This is reflected in analyses of nighttime
accidents in which drivers frequently report
that they did not see a pedestrian or other
obstacle in time to stop. In some cases, the
sound of Impact was heard before the driver was
aware of the pedestrian (14). It is not
necessary to read the wisual literature in order
to appreciate the fact that we simply do oot
see as well at night as during the day. What
is curious, however, is thac drivers typically
do not reduce their speeds ac night, even
though they are most probably aware through
personal experience, or even through knowledge
of the literature, that their vision has been
degraded.

& possible explanatien for this paradox
may be derived from the two modes of processing
concept (15). Driving an automobile, in common
with locomotion and wehicle guidance in general,
invelves two parallel tasks. Sparial orientca-
tion is accomplished by steering the wehicle,
which requires continuous evaluacion of the
location of the vehicle relative to the road.
In terms of the two modes concept, steering is
concerned with "where" and is an ambient func—
tien., Driving alse involves focal vision, the
role of which is to monitor the roadway ahead
for pedestrians, other vehicles and obstacles,
to read traffic signs and monitor signals, and
tc judge che distance and speed of other
vehicles. During daylight both the ambient and
focal modes are operating at their maximal
capacities. However, under twilight and
nighttima conditions there is a selective
degradation of the two modes. Focal wisual
functions are degraded, e.g., contrast
senslcdvicy dIs diminished and spatial and
stereoscopic acuity arve reduced. (For many
individuals tha ability to appreciate decail
is Further degraded by a condition known as
"night myopia" which will be discussed later.)
On the other hand, the efficiency of ambient
visual functions is not reduced by lowered
11luminaticn. As long as minimal wvisual
stimulation is awvailable, it is possible to
steer the vehicle adequately. In terms of the
performance informacion available to the driver,
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;g the ambient mode which provides z
mtinuous feedback regarding the ability to
steer the vehicle., Since the demands on foral

rision are intermittent, its degradation iz
mly rarely reflected in the operator's
lerformance. The result of this selective
legradation of visual function is that the
lriver's self-confidence is inappropriate for
the degraded focal visual fonctionm. Adding to
-he tendency to disregard focal degradarion is
‘he fact that since critical incidences in-
relving Focal vision while driving are rare
‘heir perceived risk is correspondingly low
med they tend to be ignored (16). The ner
‘esult of these factors is that drivers are
¥Pilcally unaware of focal degradationm, tely
m the efficiency of the ambient processes,

nd drive too fast to recognize and respond to
nfrequent hazards,

4s 1s often the case, understanding the
asic cause of a problem suggests metheds for
melioration, In the case of the high night-
ime aceident rate a number of passibilities
te apparent. Obviously, illuminating
ighways would be expected to be effective and
his is supported by empirical observations.
owever, economic consideraticns limit this
ossibility. Other alternatives are to posc
ifferent maximum welocities faor night and
aytime driving conditions. Before the
ntroduction of the uniform national 53 mph
pead limit in the United States, only a Eew
tates followed this practice, usually on
ajor highways. To our knowledge, different
peed limits have not been posted in aress
tere degradation of Ffocal vision would be
xpected to play a role in acecidents with
edestrians. Another possible measure is to
ducate drivers regarding the potential
angers asfociated with selective degradacion
E vision at night. This procedure would he
spected to be particularly effective for
Jutiger drivers whose habits have not been
stablished., The implications af selective
zgradation should alseo be communicated to
sddestrians .and cyclists who should be
acouraged to take speclal measures o increase
fedr visibility at night in order to com-
msate for the loss of focal vision among
rivers.

Anather way to view the ulghc driving
:eident problems is in temms of the
elf-confidence of the driver. It is not the
azards and dangers of which we are aware which
ause the most difficulty but rather those of
aich we are not aware. Upnjustified self-
nfidence is aften cited as the mechanism
:counting for the increase in accidents
ollowing alecohol ceonsumption. Alcohal is
nown to increase self-confidence even at
mcentrations which do not affecc motor
stformance. Considering the Eact thar the
slective degradacion of wision at night alsg

produces an unjustifiable sense of self-
confidence, the gruesome data on nighttime
accldents invelving drinking are somewhat more
understandable.

ANOHMALOUS MYOPIAS AND THE INTEEMEDIATE DARK-
FOCUS OF ACCOMMODATION

A long standing preblem in wisuzl science
Wwith implications for wehicle guidance has been
that many individuals focus for near distances
even when the object of interest is far away.
Such inappropriate accommodation is maladaptive
and is referred to as "anomalous myopia." The
Eirst report of an anomalous myopia was made
In 1789 by Lord Maskeiyne, Directsr of the
Royal Greenwich Observatory, who noticed that
he became nearsighted at night (17). This
condition, referred to as "night myopia”, has
been a persiscent problem for almosc two
centuries because it degrades the sharpness of
the retinal image and interferes with the
ability to appreciate distant detail uader
twilight and nighttime observation conditions.
An analegous phenomenon occurs in daylighc if
visual detail is absent. When searching che
sky or during a fog or snowstorm, the focus
of many observers with normal distance vision
corresponds to an intermediace distance,
thereby reducing the probability of detecting
small distant objects. Considerable atten—
tion has been devoted to this phenomenon,
referred to as “space" or "empty field myopia,
in military aviation {18).

Although anomalous myopls has heen
extensively scudied by the internationzl
vision community, particularly in a military
context, until quite recently there has besn
no explanation which would permit prediction
of its magnitude or provide an effective means
for amelioration. The chief obstacle was the
¢lassical assumption thar the focus of the
relaxed eye corresponds to optical infinity.

While this point of view predominates in most
if not all textbooks in physioclogy and
physiological eoptiecs, an alcternative viewpoint
has appeared sporadically in the literature.
This alternative suggests that the "resting
position" of accommodation corresponds ta an
intermediate distance rather than to infinity.
Two arguments have been advanced in support

af an intermediate testing posicion.
Thearetically, as pointed ocut by H. A.
Schober, the muscles controlling accommodation
in common with other muscles, should nat be
expected to assume a resting or tonus posi-
tion zt one extreme of their range. He also
suggested that many visual phenomena, in-
cluding the anomalous myapias, can be more
parsimoniously interpreted in terms of an
intermediate resting position of accommoda—
tien (19

?



Abour a decade aga, rche availabilitv of
low-cost lasers made feasible the construction
of an optometer which accuracely evaluates
dccommadation withoue affecting its magni-
tude (20,21,22). This instrument can alsn he
used in situations in which the anomalpus
myoplas are typically exhibited. Utilizing
this new methodalogy, the validity of the
intermediacea Testing position or dark-focus
was empirically confirmed. Figure 1 repre-
fents the frequency distribution of the
accommodation distance of 220 callege students
in total darkness (23,24). All observers wore
their normal correcrions during the gbserva-
tions. The AVETAge resting position of this
iroup iz at an intermediare value of 1.57
liopters, corresponding to a distance of 65
ms (26 in). Only a few of the subjeces
lemonstrated the clasgicai infinity resting
wsition. The mogt striking feature of these
lata, however, is the large intersubject
rariability., As is typical of most
lolegical measurements, the datz are
escribed by a normal discribution, Cor-
esponding to the subjects who demonstrate an
nfinity rescing position, the dark-focus af
thers was as close as four diopters or 25
ms (10 ins).

Demonstration of the validicy of the
Atermediate as opposed to the infinity dark-
JCus, together with the revelation of the

irked intersubjece variabilicy, hasg provided
e key to bach predicting and correcting the
lomalous myopias, If one dssumes, as has
en the casge historically, thar the resting
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ig. 1 - Frequency distriburicn of the magnitude
¢ the focus in taoral darkness, as measured with
e laser optometer, for 220 college~age
Iservers. After Leibowitz and Owens, 1978
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position is ac infinity, then any accom-—
modation te a distance nearer than the objeec
of interesc must Tepresant an active maladap-
tive process. Alternatively, if rhe resting
or tonus position of the dccommodative system
corresponds to an intermediare position, then
any interference with rhe efficiency of the
accomuodative feedbacl loop would result in a
passive return of dccommodation coward the
dark-focus, Furthermore, given the large
intersubject variabilicy of the dark-focus,
anomalous myopias would also be expected ro
demonstrate comparable individual differepces.
Those subjects with ap infiniry dark—focus
should not show any anomalous myopila, while
those with near dark-focus values would tend
to exhibit anomalous myopia in an amount re-
lated to their individually characteristic
dark-focus values. Thera ara a number of
advantages to this latter interprecacion:
1) It eliminates the paradox of an active
maladaptive response for a system which is
normally highly efficienc, 27 it accountcs for
the failure of previous theoretical explana-
Eions ko successfully handle the problem of
intersubject variabilicy, and 3) 1ir SUBgests
a simple test of itrs validiey. Specifically,
the magnitude of anomalous myopla should be
Predictable from the individual subjece's
dark-focus and should be correlated for all
viewing conditions in which dccommadacion is
degraded evan though the stimulus conditions
for specific anomalous myopias differ. 1In
the case of night myopia, lewering illuminacion
would be expected te interfare with accommoda-—
tion because it restricts the ability of the
neural structures to ProcCesg contrast in the
retinal image. For Space myopia, even though
illumination is high, there are no focusable
contours available to provide the error signal
necessary for the sccommodation reflex, 1In
both cases, the anomalous myopia should be
proportional to the dark-focus,

In-a test of this hypothesis, the magnitude
of anomalous myopia was determined while:
1} viewing a distant targer undey twilight
illumination {nighc myopia), 2) observing a
bright field withour contours {(space myopia),
and 3} while viewing a high contrasc target
under bright illumination in a microscope (233,
This latter condition, designed to pProduce
"instrument myopia', has winer rerfomance
implications but is of interest here because ip
Tepresents still another example of anomalous
dccommodation. In this case, the small exit
pupil of the microscope eliminates the neead
for accommodation. The magnitudes of anomalous
myopla scbtained under these three viewing
conditlons are presented in Figure 2 ag a
function of the davk-focus of the individual
subjects. On these plots, if accommodarion
Corresponds to the individual gubject's dark-
focus, the data should Eall along the slanced
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lines. It is apparent that the anomalous
myopias can be accurately predicted from the
dark-focus values, and that the magnitude of
the anomalous myopia for individual subjects
is the same for all three viewing conditions.
The agreement is betcter far night and empty
field observation conditions than for instru-
ment viewlng presumably because the evepiece
of the microscops influences convergence which
in turn induces accommodation as a result of
the normal coupling between accommodation and
CONVeTgence.,

With the ability to pradict the magnitude
of anomalous myopia and to understand the
underlying mechanism, the means far ameliora—
tion follow logically. In the case of night
myopiz, a number of previous studies indicaraed
that viewing through a negative lens sometimes
resulted in improvement. However, some sub-
jects were not helped at all while still
vthers saw more poorly. In view of the inter-
subject variability in the dark-focus, these
Tesults would now be axpectad. Based on this
variabilicy, it was hypothesized that any
correction should be related to the individual
subject's dark-focus value. This assumption
has been successfully tested in boch Field and
laboratory studies (25) which demonstrated the
optimal visual correccion for driving at night
or under simulated night driving conditions to
be approximately one-half of the individual's
dark-focus value. In laboratery and field
studies based on this rule, all of the subjects
tested so far with a dark-foeus nearer than
infinicy have demonstracted improvement in
their ability to appreciate detail wnder
twilight and nighttime observation conditions,
Similar results have been reported in labora-
tory studies of space myopia, In this case
the detéction of a small target in a brighc
unstructurad field is significantly improved
by a correction which corresponds to the
subject's dark-focus value £26,27) . Wichdin
an aviation context, a significant lmprovement
in the sighting range for small objects in the
atmosphere would be expected with chis
correction. The difference between the
approximately half dark-focus correction for
night myopia and the full dark-focus correction
Eor space myopia Follows naturally from the
specific basis of accommodation degradation.
Under nighttime driviag conditions the stlouius
to accommodation is reduced but not completely
eliminated, but with space myopia there is no
stimulus to accommodation whatsaever, and
dccomnedation returns eomplecely to the dark-
foous,

The empirical demonstration of the
validity of the intermediate dark-focus and
particularly the large intersubject variabilitcy
has provided a simple vet effective hasis For
understanding and ameliorating the anomalous
myopilas. The general rule is thart for visually



+ demanding conditions, including but not limited
to night driving and aviation, improvement in
the quality of the retinal image will result
from a spherical correction which shifts the
distance at which ne accommodarive efforr is
Ltequired to or toward the distance of the
cbiect of interest. This correction eliminates
o1 reduces the need for acrive accommodation
and the potentially deletericus effect of
focusing errors resuleing from interference
with the accommodative feedback loop.

The findings regarding the dark-focus of
accomeodacion imply that wvehicle driver
licensing evaluations should include a test
For night myopia since wearing a special
prescription would be expectad to substantially
improve nighttime visual performance. Data on
2 university aged population in the Uniced
states (17-21 years) indicare that, based ap
an assumed nighttime refraccive arror equal to
one-half the dark-focus, 76 percent of thisg
Eroup would be at least 0.5 dioprer nearsighted
at night, 26 percent would have a night
refractive error of at least one diopter and
four percent more than 1.5 dioprers. The
significance of these levaels of optical blur
can be appreciated when one considers that
refractive errors of 0.25 to 0.5 diopter are
typically corrected ¢linically and a non-
correctable spherical error of 2.5-3.0
diopters corresponds ta legal blindness in the
Uniced Stcates.

It should be pointed out thac our current
understanding of this problem does not permit
an immediate translation into driver licensing
procedures. Problems of individual visual and
cculomotor characteristics, the eifeces of
driving conditions and habits, and the role of
experience and age remain to ho analyzed
clinically, However, at present we have strong
avidence that a correction corresponding to
Spproximately one-half the dark-focus is a good
Eirst approximation, as it has been shown to
increase image clarity at aight in both labora-
-ory and field studies (25). Such a correctcion
should therefore contribute to the efficiency

it vision under reduced 1lluminacion conditions.

JAONCLUSIONS

Might driving will always be hazardous.
‘0 the extent thac the danger is caused by
iight myopia, ir can bea fully correctaed by a
timple optical procedurs. However, since parc
'f the problem has to deal with the unjuscified
onfidence which follows from the selecrive
egradation of focal and ambient visieon, other
echniques are required. These include making
rivers aware of the selective nature of visual
058 at nighc, Increasing the visibility of
azards, and promotion of driving regulations
hich cake these basic visual funcrions into
cCoaunt.,
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