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Chapter 1

Perceiving and Driving: Where
Parallel Roads Meet

Wwilliam Schiff and Wendy Arnone
New York Universthy

1.0 Introduction

Perceptual psychology has followed several roads to the present state of
the art. The road emerging from classical sensory psychophysics has
had a major influence on the practice of human factors and human
enginecring. This avenue assumes that our senses basically serve as
energy transducers, responding to energy variables such as wavelength
and intensity of light, frequency of sound, and so on. Following this
sensory transduction, perception is then considered as an elaborative
process by which information stored in memory becomes integrated
with current sensory input. With this sort of theoretical framework,
automobile driving then emerges as a complex psychomator process in
which prior knowledge is combined with current sensory input, In this
light it would make sense to inform human faclors practitioners about
the sensitivities and limitations of our sensory {and motor) apparatus.

It would seem likely that it is largely from this model that current
driving measures have elected to screen drivers for sensory sensitivities
(e.g., color and acuity), for basic perceptual discrimination (e.g., coded
sign shapes), and to ask _nncm.._E.?_.,___ questions ﬂnlﬂi:m to rules of the
road or state laws.

Another road to the current state of the art has emerged from
Gibson's functional psychophysics. As applied to automobile driving,
such an approach reaches back at least to 1938, to a seminal paper with

Crooks (Gibson & Crooks, 1938). This mwﬂam&.__ suggested thal rather
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of course, exceptions (e.g., Bruce & Green, 1990). A similar state of
affairs exists in the human factors field. Respected texts having fairly
comprehensive treatment of perception as it may relate to their fields
often bypass Gibson's alternative approach (e.g., McCormick, 1957;
McCormick & Sanders, 1976; Sanders & McCormick, 1987; Wickens,
1954),

When we think of driving, we should think first of the Issues of
motion perception, because the driver is often in motion, and parts of his
traffic world are too. Perception and judgment of such motions are
surely central to perceptual issues in driving. But if one looks in the
perceptual texts, one usually finds motion perception treated as
something of an afterthought, perhaps a consequence of the static
snapshot assumplion, with motion often viewed as another illusion.
Phenomena of illusory motion have a fully researched history, from
Wertheimer's Gestall treatment of phi and other related simple motions,
te more recent ones, such as Wallach's kinetic depth effect and the
familiar Ames rotating trapezoidal window illusory motion phenomena
(e.g., see Schiffman, 1990). It is of interest that most perceptual texts
{and technical works as well) seem to convey the impression that most
of the motion registered by the human visual system is continuous
rotation at a constant velocity around a vertical axis at a fixed distance
from the eye. This sort of motion is perhaps most frequently examined
in traditional theories of motion perception and in perceptual texts. The
driver sees very few instances of this sort of motion. This assumption
has strong historical roots in Gestalt psychology, which shares the same
view of illusions. It may also get a boost from the fact that much of the
motion we perceive in man-made devices (motion pictures, video
pictures, commercial signs, computer displays) is indeed phi-based
motion, rather than the natural optical motion occurting when we walk,
drive, or fly.

The remnants of classical psychophysical assumptions are to be seen
in human factors texts and journals as well as in perceptual texts. For
example, McCormick’s justifiably popular introductory text in Human
Factors Engineering (McCormick & Sanders, 1976) includes a major
section concerned with “man in motion” in which illusions during self-
motion are given major attention. The relatively small section on vehicle
driving (5 pages in 1976 edition) refers to sensory components, treats
information input to the vehicle driver as objects (other vehicles, road
signs, etc.), and concludes that “the driver ‘processes’ the information
somehow, leading up to his control responses” (McCormick & Sanders,
1976, p. 399). Further material acknowledges the role of perception of
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one’s own speed. The section also treats reaction time, which _znm.np_mm
time required for recognition and motor responses, m.En the mechanics of
vehicle control devices (pedals, etc.). This rather brief treatment n.H. such
an important human factors topic as driving may be _n.nsﬂmm”nm with an
carlier discussion of classical psychophysics extending over 8 pages,
including static visual acuily, color discrimination, dark adaptation,
|luminance contrast, and so on. This example is meant _ud:‘ as an
indication of the continuing tutorial impact of assumptions and
traditions, and not as a criticism of this particular book; it 1s but one
cxample of the state of the fields of perception and Tﬁ:.._nz. factors as
they may impact on automobile driving H...mnnqn.r and .mEu:nnzczm.

Along with the classical psychophysical view that sensory
sensitivity factors are foundational ?Ei:mr an inadequate basis EH,
perception), we find a related assumption that because sensory
phenomena cannot account fully for perception, our senses ?nﬁﬁﬂ.._z_‘,
load us to error—the illusory assumption of the classical psychophysical
view (e.g., see Coren & Girgus, 1978; Leibowilz, _..m_m_m‘ PP ,*mwhpm__.
Indeed, it has been thought for many cecades that if sensation is an
accurate rellection of the external world, given the facts of illusions, that
is, mistaken percepts, the basis for these errors must be postsensory, that
is, perceptual, This set of related thearetical E._,_n_m_._u:.m.:nmﬂm may _.._aw
only leads to possibly exaggerated “belis-and-whistles treatments al
illusions in perceptual textbooks, ME_EEM,.U:& museum exhibits n_mm_._:m
with perception (e.g., see Schiff, 1988), it also may lead the applied
researcher to illusory hypotheses. A recent example from the
automobile driving literature may serve lo demonstrate _"r.mm .ﬁo:.;,

A leading rescarcher in the field of perception and driving E..m_u.,mma
possible causal factors potentially responsible for __._.__m very serious
prablem of motorists’ crashes at railroad Edmmm.:xm (Leibowitz, .E”_mu”_.
Ower 700 persons are killed each year in the ﬂEE_.n_._ States E_uﬂm EEJE
trying to drive across railroad crossings. }_ prime ..,.u.,_.._a.ﬁ:m",.mm un?m.:n_._.ﬂ_a
to partly explain such accidents was the size-velocity _:E.E:. :.H this
illusion {usually demonstrated with mwm:.m_n._m H..,nlﬂﬁﬂwnmﬁmi
laboratory displays) larger objects tend to be perceived as moving more
slowly than smaller objects moving at the same velocity, in the same
trajectory. From these findings it might indeed mn_:%.}. that ﬂono:mﬁ
who are used to judging car-sized oEnnnm_mnm_Emanm_ :.u_._._}”m.qmn_:
(approximately perpendicular to the line of m_.m.rn_. might misperceive the
locomotive’s approach speed and fatally misjudge whether :,_wE Was
time to safely cross the tracks belore the train arrived at the crossing.

There are additional assumptions encased in this hypothesis,
[
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driving. No relationship has appeared in the literature between color
sensilivity and accidents (e.g., Allen, 1969; Cooper, 1990; Richards, 1966).
This is fortunate because 8% of the male population is color defective,
yet likely drive as safely as those with full color discrimination
capability, Traffic engineers have added blue to the green lights, yellow
to the red lights, and red-green defectives have little difficulty in using
color codes found in driving.'

Again, the real issue is whether the beginning driver responds
appropriately to such traffic signals, based on whatever kind of
contextual information is available, and not the psychophysical
sensitivity of the sensory system, Stereopsis may be related to
maneuvers while parking. Whereas mishaps in such locations are
bothersome for insurance companies as well as other drivers, they
seldom result in serious injuries!

Precise measurement of these sensory sensitivities appears to bear
no relationship or minimal relationship to safe motor vehicle operation;
this fact is borne out by so much research that it is difficult to be
skeptical (see Burg, 1971). But the few sensory sensitivities that may
prove of predictive value in averting driving accidents, for example,
bilateral field restriction, are seldom if ever tested in licensing
examinations (see Keltner & Johnson, 1987).

Finally, there is the road test. This isa possible ultimate crilerion for
whether the testee has sufficient knowledge and skill to drive in public.
Such tests are typically conducted on closed courses, or in low-density,
low-speed traffic in an arca neighboring the licensing site. They are
typically conducted in full daylight, on dry pavement, and last between
10 and 30 min (shorler tests seem to be increasingly the rule due to cast
factors). They are little more than minimal skill screens for minimally
skilled beginning drivers, most of whom have spent less than 50 hours
behind the wheel. A major component of such road tests, one that is
often carefully scored and weighted, is the parallel parking test. (How
many people have been injured, maimed, or killed while parallel
parking? Note that today, most parking is not even parallel, but
diagonal, and located in grocery store and shopping mall parking lots.)
The testee who cannot maintain minimal control of the vehicle may be
screened out by such subtests, but they hardly seem functional given the
brief nature of the road test. Then, the novice driver is usually asked to

"The first author is a red-green defective, has held licenses in 3 states, has driven

43 years without an accident, and has never had even a near-miss due to color
defect,
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turn right and to turn left (whether he ar she signals is very wEno_.ﬁE.._n_h
the novice driver must stop and start at a traffic light, stop at a stop sign
(i.e., obey all traffic signs), turn into the lot, and stop the car smoothly
pefore a license is granted. Thus, the road test, too, appears E.rn i
minimally functional coarse screening test ﬁ__:mn bears little Enﬁﬂ.o:m_
relationship to driver skill, alertness to potentially dangerous situations,
ability to deal effectively with traffic environment stressors, and driver
alertness. .

Numerous attempts have been made o construct more suitable tests
for driver licensing or relicensing. Almost all measures _Hmm:.%._mm
requisite “basic abilities” that should apply to a wide range of driving
situations. From DeSilva's early (1935) attempts to H_n,.u: more recent
ones (e.g. Olson, Butler, Burgess, & Sivak, 1982), similar notions from
the classical psychophysical view have dominated. All mz_.ur tests rest on
assumplions that it is possible {and nnm.nnEmu_.E _.u_.nn:ﬂ m_onﬁnﬁn:m_
aspects of driving performance from some .“E.:_u_:m:.od of mostly static
vision tests (e.g., contrast sensitivity, acuity, color vision) plus mm.:_u.d_
abstract measures of a more perceptual nature (e.g., mmﬂnr perception—
again, using static displays). One recent foray into _:quﬂ_“n.n a.,r_,.nm_
function tests was sponsored by the National Highway Tralffic vmmmﬁ_u,
Administration (NHTSA) (Shinar, 1977) and included tests for mnm:.n
acuity under normal, low, and glare illumination nonn.:_“._o:m,. dynamic
acuity; central mavement in depth; central and peripheral mﬁmm:.En
movement; and field of view. The most useful measure for predicting
overall accidents was acuity under low illumination levels, but uw:un”____n
visual acuity predicted daytime accident rates _w__nm#. None of the
measures accounted for large amounts of accident variance.

Although specific road tests have been devised n_:m._" appear more
closely related to driving skill (e.g, Olson et al,, Emmw Hwn is not clear that
the skills chosen are the most appropriate ones; nor is it clear that Ew.n
performance tests are practical, when one takes into mmwﬂzH,_ their
administrative cost and the need for many specialized ?n:&m.m. More
recently, there have been rumblings about computer-video n_nq_zm tests,
with California being a likely site for testing (see Viets, 1990).
Concerned agencies and individuals non.:_.__:_m to call for the
development and validation of functional driving tests (e.g., EI,_..m?
1989), Several are being used for research (e.g., Schiff & Oldak, 1993), but
none has yet emerged in a licensing bureau.
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curves can be safely negotiated), they will tend to be __m:onmmm
or the driver will strike a compromise between the natural
constraints of the road configuration and car maneuvering
capabilities and those recommended by traffic control signs. It
is these factors rather than legal taboos per se (maximum speed
laws) that tend to govern the driving speeds of drivers, although
the visible presence of police increases the likelihood of
adherence to posted laws.

8. When an obstacle suddenly cuts off the field of safe travel inside
the minimum stopping zane, an entirely new field of travel may
open up, for example, the shoulder of the road in emergency
situations. The field of safe travel is limited by a number of
factors, including obstacles that encroach on it, the distances at
which daytime vision and nighttime vision become inadequate
due to purely optical factors, the margins of road illuminated by
headlights, constriction of the field by glare from other’s
headlights, or horizon cropping, as by brows of hills one is
traversing. All these should yield deceleration when they
diminish the field-zone ratio.

9. Owerdriving brakes or headlights leads to contraction of the
objective field of safe travel until it approaches the minimum
stopping zone, or does so without a corresponding contraction
of behavioral capabilities. Learning safe driving habits involves
semi-automatic perceptual-motor habits in which a safe margin
is maintained between the minimum stopping zone and the
ficld of safe travel. (Gibson, 1966) later called this the “margin
of safety,” which is found in much of the literature on driving
le.g.. AAA, 1985a; Leibowitz, 1965, p. 51; Schiff & Oldak, 1990;
Schiff, et al,, 1992].)

10. Clearance lines radiate from obstacles, that is, a negatively

*foth authors have driven extensively in states restricting speeds on high-speed
divided highways to 55 mph. In spite of the legal taboos, average traffic flow
rates on these roads range between 65 to 70 mph—unless police are evident.
Here is a contemporary instance in which Gibson's point about geals {(desire to
complete long-distance trips in a reasonable time span] and natural laws—
constraints of roads, traffic {flow rates) and vehicle capabilities versus man-
made laws and posted speed limits—hits home. Legislatars who support
unrealistically low speed limits (see Pevsner, 1991) might do well to travel their
own roads at “legal” speeds for 4-5 hours (instead of flying about!) before voling
on such legislation—which may encourage ignoring reasonable as well as
unreasonable traffic laws.
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valanced halo of avoidance. The more injurious potential an
obstacle may have, the more it is avoided and the greater the
extent of its clearance lines. (Consider the degree to which an
auto driver tries to steer clear of an adjacent semi-trailer truck,
versus a small sport roadster!) For a moving obstacle, the
clearance lines radiate from the point where said obstacle will be
located when one’s own car comes closest to it, that is, the point
of potential collision. Thus, one may actually steer toward the
present location of a walking pedestrian with the foreknowledge
that he or she will be well beyond the present location when
one’s vehicle arrives at the “trail.” The greater the speed of a
moving obstacle, the further ahead its clearance lines are
projected. The correct perception of such clearance lines
involves the projection of other vehicles along their paths of
travel, as they may be jointly invelved. Thus, passing another
car traveling in the same direction, with another car
approaching in the adjacent lane, requires an “estimate” [quote
is Gibson & Crooks's) of the speed of obstacle(s) plus an
“estimate” of the speed of one’s own car.

E:E:wb::_____:.EEﬁn_.mz.._.mm&i_.:ﬂ.:nnta_.nmmm:"iu
be no conscions process calculation imvolved. Here is a case of
a lighly complex sttuation, invelving relationships belween
two speeds of novenient, which would not be an easy problem
ta mam._n with pencil, paper, and formulae. But for e skillfud
driver, the peree u:__..%m_m_iuﬂ.__:ur.g may be inumediate, clear,
and (let us H_S_c& accurate. Complex "estimates” of speed and
locatian are represented in the experience of the driver only Jc
the simple seeing of an open or closed field of safe travet,
(Gibson & Crooks, 1938, p. 465; emphasis in original; see also
Reed & Jones, 1982, p. 123)

Here Gibson foresaw the “computational issue” found in the
recent time-to-arrival literature {e.g., Mcleod & Ross, 1983;
Schiff & Detwiler, 1979; Schiff & Oldak, 1990; Tresilian, 1990,
Schiff et al., 1992).

11. Driving skill consists of the organization within the field of
view of a correctly bounded stopping zone for a full range
of speeds, road and traffic conditions, and fields of safe
travel, precisely fitled to actual and potential obstacles in the
field of view at any instance. This field must conform to the
objective possibilities for safe locomotion. The motion

J
!
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/
& Detwiler, 1979; Schiff & Oldak, 1950). Paradoxically, this involves

perceiving the endpoint of an event (approach, then collision) before it
occurs. This class of percepts was of particular interest to Gibson
because it was a prototypical example of the pickup and utilization of
optical information over time, rather than an instantaneous “snapshot”
as conceived in traditional theories.

In his 1958 paper on animal locometion, Gibson stated:

Approach to a solid surface is specified by a centrifugal flow of the
texture of the eptic array. Approach to an object is specified by o
magnification of the closed contour in the array corresponding lo the
edges of the object. A uniform rate of approach is aecompanied by an
accelerated rate of magnification. At the thearetical point where the
eye fouches the object the latter will imtercept a visual angle of 180
degrees; magnificalion reaches an explosive rate i the last moments
before contact. This accelerated expansion i the field of view specifies
fmminent collision, and it s unquestionably an effective stimulus for
behavior in animals with well-developed viswal systems. D man it
produces eye blinking and aversive movements of the head, even when
the stimulus is a harmless magnification of a shadow on a translucent
screen, Al lesser intensities this “looming ™ motion; as it miight be
called, presumably yields lesser degrees of aversion, or a slowing douim
of approach. The fact is that animals need lo make contact without
collision with many solid objects in their environments: food objects,
sex objects, and the landing surfaces an which insects and birds alight
(1ol to mention helicopter pilots). Locomotor action must be a balance
between approach and aversion. The governing situation mus! be
balance between flow and non-flow of the aptic array at the moment
when the contour af the object or the texture of the surface reaches that
angular magnification at which contact is made. (p. 185

Shortly after this pioncering paper was published, one of Gibson's
students, William Purdy, generated the mathematics of the stimulus
information for time-to-contact or time-to-go, and it appeared in his
thesis (Purdy, 1958) and in a theoretical treatise, including a study of
humans estimating time-to-contact (T ) with an apparently approaching
surface (Carel, 1961). The simple formula for T is as follows, given the
spatial change in optical separation (i.e., angular size change) of any two
points or contours over time (t):
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Formula 1.3 calculates T from angular size changes over time. As
chown in formula. 1.3, the relative rate of increase in angular separation
of points or contours on the approaching object’s surface is the
reciprocal of the time-to-go. .

The elfectiveness of such informztion for producing avoidant
behaviors (indicating impending collision was being perceived) was
explored in various animal species and humans (Schiff, 1365; Schilf,
Caviness, & Gibson, 1962) and by numerous other researchers (e.g., see
Schiff, Benasich, & Bornstein, 1389-5C iff & Detwiler, 1979, for brief
critical reviews). But it wag ME.. (1976)L+ho developed the hypothesis
that perceiver-actors as diverseas automobile drivers, diving birds (Lee

Reddish, 1981), long jumpers (Lee, Lishman, & Thompson, 1982), and
fast-ball sports participants (Lee, Young, Reddish, Lough, & Clayton,
1983) use tey informabion to control their visual-motor behaviors. Lee's

analysis of tau (1) utilization in automobile braking is based on the
\\ notion that the driver may utilize the inverse of the proportional rate of

\.r._u_"..._.,

dilation to control brake pressure, because, as derived [rom _H.,E.&n fai'=
?k 1/tate of dilation, for example, between the headlights of an
: Mﬂﬂﬁqﬂmnrh:m car. Then the issue becomes one of applying sufficient
P bpressure, to cancel dilation prior to contact. A driver's deceleration is
__6%. \u\nmm:mﬁn to avoid eollision if T is greater then -1/2 ﬁirﬂn T s the
/ derivative of T with respect to time), and a driver may maintain a safe
\x. following distance by maintaining © at a marginal value greater than
# one-half (i.e., 1/2) (see Lee, 1976, for details of derivation). Recent
critiques by Tresilian (1991) and Waon, Edgar, and Blair (personal
communication 1992) noted some problems regarding the adequacy of

this formulation.

Numerous studies have been performed in attempts to discover
whether drivers or ather perceivers can indeed use fau information to
perceive and judge time-to-contact, with a consensus that they can do so
with high accuracy if the temporal value is about 2 sec or less. But when
the lime remaining before contact reaches 3 sec or more, estimates made
by pushbutton or verbal means indicate increasing underestimation as

: time-to-contact increases (e.g. see Cavallo & Laurent, 1988; McLeod &
Ross, 1983; Schiff & Detwiler, 1979; Seniff & Oldak, 1990; Schiff et al,,
1993). The amount of underestimation is considerable, with most

perceivers estimating time-to-contact al about 60% to 70% of its actual
: ;

.m i
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1972: Rockwell, 1972). The driving task seems to be largely a complex
set of vector detection and control processes. Studies and measures that
reflect that reality will likely be far more successful than those that
continue to ignore the ecological validity issue and test drivers for
verbally accessed knowledge rather than performance and for irrelovant
perceptual processes (Fox, 1988). Recenl state-ol-the-art reports may be
found in Gale, Brown, Haslegrave, Taylor, and Muoorehead (1991), Schiff
and Oldak (1993).

On the other hand, sensory capabilities may indeed limit
performance in actual driving situations, and wherever they can be
economically measured, measuring them seems quite a good idea,
however “sensory” rather than “global” they might appear. But in
devising measures of such sensitivities, it would be more ecologically
valid to embed them in a driving-like task. Familiar context may aid
detection and discrimination (or so resea rch has shown). And on the
ather side of the coin, cluttered environments twhich almaost all driving
environments are) may hinder even a good visual system teying to
locate a sign, signal, or other detail. Thus, unless one measures sensory
capabilities in environments having characteristics similar to those of
driving environments, one will never kriow whether one is under- or
overestimating the functional utility of a system that may do well {or
poorly) in the static and uncluttered environment of the medical
practitioner’s office. It is likely that if the impairment is extreme, the
ecologically invalid measure will still detect it. But it is the marginal
driver who is of most concern. It may be easier to detect marginal
driving skills using dynamic realistic displays, rather than the usual
battery of multiple choice question, static, and overly simplified
perceptual measures and isolated sensory-sensitivity measures (e.g. see
Schiff & Oldak, 1990, 1993).

Good engineering and human factors design is also important, as
spelled out by Norman (1988). Even the good skilled driver with good
vision may become a road hazard if he or she has to look for vehicle
controls that all look and feel alike, that are in the wrong place, or that
display information in a way that takes longer than nccessary to
vdecode” (see Gale, Freeman, Haslegrave, Smith, & Taylor, 1986, 1988).

Thus, in closing, it appears that researchers engaged in the study of
automobile driving should incorporate information from both the
classical sensory psychophysics and ecological approaches, as well as
findings concerned with human factors and design. Driving involves
the integrated activities of sensing, perceiving, deciding, and acting.
Before any actions or decisions regarding such actions can be made, the
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Luman factors scientist must become aware of phenomena in the
perceiving and driving realm. Perceiving involves the capability of the
driver to detect relevant phenomend. Sensing also involves the ability to
pick up differcat sorts of information from the dynamic environment.
For example, an individual may be fully capable of detecting an
oncoming car (i.e., pOsSsess “normal” vision), but through some
circumstance misjudge or misinterpret informaltion such as closure rate,
causing a collision. Or, the individual may pick up and interpret the
information correctly, but as a result of poor engineering/design be
unable to manipulate appropriate controls in a timely fashion.

Each of the aforementioned approaches to automobile driving
resparch has provided a uniquely traveled road to the current state of
the art. It is time for them to consider the findings from other
approaches and unite the parallel universes of discourse and
knowledge.
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