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CHAPTER I
INTRODUCTION

Youthful drivers of automobileé present a paradox. In
terms of their psychomotor capabilities they are superior to
older adults. Yet, for motorists in the United States under
the age of twenty, the death and injury rates are at least
twice what they are for forty year olds.‘ There are several
possible explanations for this. One is that youthful drivers
are truly skillful and their high accident rate is due to
high risk taking and poor attitudes. Perhaps as Briggs
(1968) has mentioned, they may drive reckléssly because of a
need to test their limits of skill in vehicle handling.
Another possible explanation is that they have not received
adequate driver education training, since many driver educa-
tion programs are poorly funded and conducted by personnel
who have had little tnaiﬁing. A third possibility and the
one iﬁvestigated in the present research is that youthful
drivers do not use their eyes as well as experienced drivers
do, This was suggested by the work of Zell (1976), who.
compared the search and scan patterns of novice and experi-

enced drivers and found the following results.
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i,' As novice drivers gained experience their fixation
iocations moved away from the extreme right'edge of
the highway.,

2. Noyice drivers used their mirrors less frequently
than experienced drivers, and spent a greater
proportion of their time fixating straight ahead.

3. Although experienced drivers showed a tendency to
gseek information about the roadway at a distance
proportional to vehicle speed, the novice drivers
did not.

L, Novice drivers fixation duration distributions did
not change as they gained driving experience.

If the findings of’Zéll are valid then high risk taking
by young drivers may account for only a portion of their
higher accident rates. In addition, any knowledge of how
drivers visually sample their environment could provide
knowledge with which to improve driver education courses.

Another study which provided evidence that novice
dfivers? search and scan.patterns are different from those of
experienced drivers was conducted by Mourant énd Rockwell
(1970). In this study it was found that in freeway driving
novice drivers sampled the lane markings quite frequently,
while experienced drivers looked far ahead of the vehicle.
'rThus in freeway driving the experienced drivers apparently
used perinheral vision fbr lane position monitoring while

~ the novice drivers used foveal vision.
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In addition to learning how to scan the environment, a
novice driver must learn how hard to brake at varioué veloci~
ties, while simultaneously conirolling the vehicle's heading
by adjustmenls of the steering wheel. Harootyan (1969)
recorded the vehicle's deceleration rate and lateral accel-
eration for high speed stopping maneuvers and found that
after a few hours of experience the novice drivers performed
as well as the experienced drivers. This indicates that the
learning of driver control responses (brake and steering |
wheel movements) takes place early in the driver's training.
Another study, that of Vojir (1969), found that novice‘drivers
quickly develop the ability to judge distances between vehi-
cles.and to estimate the speed of their own vehicle. Note
that Harootyan studied driver control behavior without taking
the driver's visual behavior info account, and Vojir studied
certain ésPects of the visual gensing of drivers without
paying attention to driver control movements.

Obviously, the coordinating of visual input with control
movements is another element of the driving task that the
novice driver must master. Fitts and Posner (1967) have
listed three stages in the learning of skilled tasks,

1. Early or Cognitive Phaser-- "At this stage behavior

is truly a patchwork of old habits ready to be put
together into new patterns and supplemented by a
few habits."”

2, Intermediate or Associative Phase -- During this
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phase new patterns of individual units of behavior
emerge and errors are gradually eliminated,

Fiﬁal or Autonomous Phase -- During this pﬁase
performance is inflexible and automatic. Many
visual cues attended to in the early phase now go

unnoticed.

With regard to -the above three stages of skill learning

there are several guestions that the present research

investigated.

l.

2,

3.

L,

At what point in their training do novice drivers

begin to make smooth and errorless control

movements?

What changes occur in the spatial and tempofal
characteristics of drivers' search and scan patterns
as they gain experience?

Is the experience of a driver education course
sufficient to develop "good" gearch and scan
patterns ncluding those of low probability event
detection?

Could additional or specific training aid in the

development of good visual habits?

. A review of the literature concerned with visual percep~

tual learning is presented in the next chapter. In addition,

problems of relating eye movement data to cognitive processes

are discussed. A glossary of terms related to vision is

included in Appendix A.



CHAPTER II
RELATIONSHIPS BETWEEN EYE MOVEMENTS, ATTENTION,
AND PERCEPTUAL LEARNING -- A LITERATURE REVIEW

Eve Movements and Attention

The objects and sections of the visual scene which are
imaged on the retina of the‘eye may be determined from eye
movement records, Although this provides information as to
what a person is not attending to, perception can not be
inferred from retinal images. First, a subject may be "day
dreaming"” and not paying attention to any visual inputs.
This has been investigated by Gaarder (1966) who found that
eye movements during inattention are characterized by infre-
guent saccades and shifting phase relationships between hori-
zontal and vertical movements. In a subsequent study,
Gaarder (1967) also has reported that the rate of saccadic
movements increased with the absence of the alpha rhythm,
Since absence of alpha signifies increased arousal, this
suggests a correlation between the amount of attention and
the rate of saccadic eye movements., |

A second problem is that attention may have moment to
moment flucuations in the amount of area covered. Mackworth

A(1965) founid that irrelevant information in a visual field
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during a recognition task caused tunnel vision. It appears
that the useful field of view is a function of the amount of
detail being attended to and the total amount of information
in the visual field., The useful field of view is also
partially determined by the limited ability of the visual
system to detect details in the peripheral areas. Recently,
however, Kerr (1971) has found visual acuities at 10, 20 and
30 degrees from the fovea to be two to four times higher'than
those previously reported, |

Bhise (1971) has conducted a sefiés of experiments to
investigate the relationships between central and peripheral
vision in automobile driving. He found that when.informatiOn
was urgently needed, the drivers sampled it foveally. This
suggested to him that foveal vision was able to acquire
information at higher speeds and rates than peripheral
vision. '

A third problem is that people ﬁay be paying attention
to the same area of the visual scene and be seeing differcent
things. A trained photo interpreter, for example, sees many
objects in a photographic image which the untrained observer
does not recognize. Another example of this phenomenon
within subjects is the perceiving of reversing viéual illu-
sions. Gregéry (1970) discusses how internal perceptual
models determine what is perceived,. and suggests that revers-
ing illusions represent situations in which there are two

equally likely internal models.
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Even when information is perceived there is still the
question of whether it was useful- to subsequent decision
making. Senders, et al. (1966) attempted to quantify the
spare visual capacity of automobile drivers. They found
that drivers voluntarily odcluded their vision for an average
period of 1.5 seconds (with a fixed .5 second viewing time)
while traveling at 60 m.p.h. on a straight road with no
traffic. Since such driving situations permit irrelevant
information to be sampled, it is difficult to map the rela-
tionships between particular visual inputs, short term
memory, and subsequeﬁt decision makipg and control responses.

A study of the "spare visual capacity“-of automobile
drivers is now being conducted by Safford (1971). This study
hopes to determine the types and quanity of visual'informa-

tion necessary to safely control an automobile.

Eve Movements and Perceptual Learning

- Although fhere are some valid structural similarities
between the eye and a caﬁera. the process of human perception
is functionally in no way like the recording of images on
film, It is the purpose of this:section to elucidate the
characteristics of human perception and their relationships
to eye movements. Moreover, the learning of perceptual
skills by_children may be analogous to novice drivefs learn-
ing where to iook. | .

Recently several studies (Bower, 1967; Salapatek and

Kessen, 1966; Fantz, 1967; and Kagan, 1970) have investigated
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the perceptual world of infants. Only the Bower and Kagan
gstudies will be reviewed here.

" Bower studied the visual behavior of eight-week~old
infants in relation to the problems of spatizal “constancies"
and space perception., Spatial constancy is the tendency of
an object to be pergeived as the same size regardless of 1its
viewing distancg {note that its size on the eye's retina
decreases with increased viewing distance),

The space perception problem asks how the eye "sees"
three dimensions when the retingl image is in two. These
problems were investigated by placing different size cubes
at different distances from the infants. The infants
displayed size constancy in that they responded to the real
size of the object and not the retinal size. Bower also
found that the infants were capable of depth discrimination,
shape constancy, and completion., These results led to fhe
hypothesis that the human perceptual system is tuned to
register high~fidelity information in sequences of images
rather fhan the momentary images of single fixations. The
differences in perception between adults and éhildren are
nof due to the type of information that can be registered,
but rather reflect the fact that infants have a lower infor-
mation processing capacity than adults.

Kagan (1970) investigated the eye fixation time of
infants in accordance with the establishment of visual

schemata. He defined a schema as, "a representation of
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experience that preserves the temporal and spatial relations
of the original event, withoul being necessarily isomorphic
with that event.” The schema Kagan worked with was the human
face which has the invariant features of number and location
of eyes, ears, nose and mouth, When one-week-old infants
were shown a photograph of a human face and a simple line
drawing they spént equal time fixating both. This was due
to their visuzl attention being directed at contours, and
their not having any well developed schema'for the human
face., A four month old, however showed a greater amount of
- fixation time on the photographic representation indicating
~ that he had acquired a schema for a human face.

Six months to one year-old infants égain displayed
equivalent fixation times for the photograph and line drawing,
but the amount of fixation time was reduced 50 percent. This
indicated to Kagan that the schema for the human face had
become so well established that both the line drawing and
photograph were easily assimilated. He then postulated a
curvilinear relationship (an inverted U) between attention
(as shown by amount of fixation time) and the degree of
discrepancy between the internal schéma and displayed object.
When there is no schema, discrepancy is large and fixation
time small, when discrepancy is moderate fixation time is
" great, and when the schema is well developed discrepancy is
small and fixation time Es again small,

Kagan then reported that fixation time of infants



10
increased as they matured from 12 to 36 months, In addition
the education level of the infant's family was positively
correlated with fixation time after 1 year bﬁt not prior to
1 year. Kagan suggests that at the end of one year a new
cognitive structure emergeé. This structure consists of
children having hypotheses pertaining to the recognition of
objects, The testing of these hypotheses resulted in longer
fixation times., In summary Kagan found that fixation time of
infgnté was controlled by the amount of contour, discrepancy,
and the activation of hypotheses.

The scanning strategies of children between the ages of
3 and 10 has been investigated by Vurpillot (1968). Using
drawings of pairs of houses, the children were asked to say
"same" or "different"., Each house had three rows of two
- windows with objects displayed-in them. If all six windows
in both houses in ‘the pair had the same objects, the houses
were identical. For the houses that were different the
number of correct responses increased with age until at age
nine children made no mistakes. For the identical pairs of
houses, more than 90% of the responses revealed that children
6 yeafs anq older fixated more windows and made more pgired
comparisons on identical pairs of houses than different pairs
~of houses., Thus, they responded like adults. Children under
six, however, séldom scanned between all six windows, and .-
thus based their decisions on insufficient information.

Nevertheless, when finding that corresponding windows
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contained diffefent objects, they always made the correct
response. ' These results were viewed as in agreement with
Piaget's theory that with increasing age children extend in
time and space their perceptual activity.

Mackworth and Bruner (1970) compared the scanning behav-~
ior of six year old'children and adults on sharp and blurred
photographs. They found the following results:

1. When viewing the sharp pictures the total eye

travel distance of the children averaged only two-
thirds that of adults.

2, In viewing the sharp pictures the eye fixations of
children occasionally followed definite contours.
This was never found inbthe records of adults.

3. When adults viewed the blurred pictures their
sampling time on areas that contained the most
information was double that of children.

4, For both groups of subjects eye fixation durations
were greater when viewing the blurred than the
sharp photographs.

It appeared as if the children could nof examine details
with central vision and at the same time simultaneously moni-
tor their peripheral field for future objects to inspect.

- Thus adults made long leaps to connect related odjects in
Athe biurred photographs while children did not.
In the Mackworth aﬁd Bruner article a general discussion

of the above results in relation to perceptual strategies was
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also provided. They state that the function df eye movements
is to centralize significant features of the visual scene on
the fovea. While the fovea is identifying the fine details
of the object, a more diffuse system, the peripheral monitor-
ing process, is involved in generally monitoring the whole
field. As Neisser (1968), and Welford (1970) have pointed
out, the conscious visual world is derived from the informa-
tion taken in during many different fixations. Yarbus (1967)
has'noted that visual search strategies change from being
initially controlled by the nature of the stimulus and its
intrinsic features to one which appears to be controlled by
the thoughts of the observer. This suggests that young
children construct their visual world from-a series of fixa-
tions whose locations are dictated by similar features. As
Mackworth and Bruner found, the& have difficulty in synthe-~
sizing.various parts of the picture into a conceptual whole.
Whether this is due to a lack of ability to coordinate periph-
eral and fovea inspection processes and/or inadequate search
strategies needs further investigation. |

When adults were presented pictures to scan, their ini-
tial familiarization stage was isolation of thg informa?ive
areas (Mackworth and Morandi, 1967; Zinchenko Chzhi-Tsin and
'Tarakanov, 1963)., This was followed by a recognition stage
in which Zinchenko et.al. believe that many features of the
stimulus pattern become fedundant. Gould (1967) found

support for this in that the mean fixation durations of
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subjects while viewing dot patterns decreased from 480 msec.
during‘the familiarization stage to 360 msec. during the
recognition stage. Thus, as more processing time was needed
fixation duration increased.

Mackworth and Bruner (1970) reported that subjects®
programmatic search patterns are based on internal models,
or schema which have committed redundant features of stimuli
to memory, It is interesting to note that Garner (1969) has
equated "good" patterhs With increasing redundancy. Poor
patterns are those which are not redundant and thus have many
alternatives. This leads to the prediction that initia}

recognition time of patterns is a function of their redundan-

CY.

An in-depth account of the development and functioning
of internal perceptual models has been given by Gregory (1970\
Gregory states that, '

*perceptual models are aggregates of data about
objects, and about how objects behave and act in
various circumstances. We may think of sensory
data suggesting, testing and sometimes modifying
perceptual models in much the same way that scien-
tific data suggest, test and modify theory and
hypotheses in science.

When we look at a picture we can read all
kinds of significance beyond mere shape and colour.
The picture serves to evoke our internal models, which
have been developed by handling objects, so that
non-optical features have become associated.”

(page 32)

An example of reading non-optical properties is that
many older adults perceive all long-haired young people as

irresponsible and lazy. Another example, relevant to
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driving, was gifen by Gregory (1970}). Consider the image of
a wet road on the retina. Although the image is simply an
arréngement of patches of light, the amount of slipperiness
of the road surface is perceived because of matching with a
previously learned perceptual model.

In Figure 1 are some possible relationships between
search and écan_patterns and the perceptual processes
discussed above.

With the above iiferature review in mind, consider again
the problem of determining how novice drivers search and scan
vatterns change with training. 1t appears that a likely
- solution would be To conduct an exper}ment, and test a group
of experienced drivers as a control. The design of such an

experiment is given in the next chapter.
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CHAPTER III
METHODOLOGY

This chapter describes the details of the experimental
design, subject characteristics, experimental procedures,
subject instructions, apparatus, data reduction, and measures

of driving performance.

Experimental Design

In Figure 2 is an outline of the experimental plan. The
visual and control performance of a group of six novice
drivers was recorded before they had any driving experience
(training level 1), when they were half way through a driver
education course (training levgi 2) and just after they
completed the driver education course (training level 3). At
each training level they drove on a neighborhood route which
contained nine subtasks and on a freeway route which
contained six subtasks. The control group, consisting of
four experienced drivers, was tested twice (run 1 and run 2)
on the same routes. Test sessions for all drivgrs were
separated about two weeks apart.

The neighborhood route was 2.1 miles long and contained
" the following driving subtasks which are diagramed in

Figure 3:
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1) Apﬁroach-to~Stop-Sign-l
2) Approach-to-Stop~Sign-2
3) Approach-to-Traffic Signal
4) Approach-to~Left-Turn (continuous)
5) Approach~to~-Right-Turn (continuous)
6) Right-Turn-After~Stop
?) Continuous-Right~Turn
8) Continuous-Left-Turn, and

9) Left-Turn-After-Stop.

For data reduction purposes Tasks 1 through 5 were
defined as beginning when the driver applied the brake pedal
and ending when the vehicle stopped. "~ Included in Tasks 6
through 9 was only the time when the vehicle was actually
turning as determined by a record of lateral acgeleration.

Several of the physical areas of the driving subtasks
had unique characteristics. For Tasks 1 and 6 the inter-
section was a T, with a house directly in front of the vehi~.
cle as:it approached the stop sign. The cross-street at
Stop Sign 2 was about ten feet wider than normal and moder-
ately traveled. For Task 5, the road began to curve to the
right just prior to where the driver was instructed to turn
left. Some of the.above environmental factors appeared to
.'have some effect on,thé drivers search and scan patterns,

although they were not the subject of this study.
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The freeway route was 4.3 miles long and contained the
following driving subtasks:
10) Changing from right to left lane
il) Traveling in left lane (next to center median)
12) <Changing from left to right lane
13) Traveling iﬁ right lane (next to shoulder)
14) Monitoring traffic ahead
15) Deceleration prior to exiting ramp.
Pasks 10, 11, 12 and 13 were sequential. Task 14 occurred at
some randomly selected period, after Task 13 and before 15,
in which the-spbject monitored traffic that was 400 feet or
less in front of his vehicle. Task 15-was defined as beginning
when vehicle velocity started to decrease from 70 m.p.h. and
ending when the ramp began to curve.
The dependent variables recorded for these taks were:
1) vehicle velocity,
2) vehicle 1aferal acceleration,
3) driver gas pedal movements (continuwous),
4) driver brake pedal applications (on or off),

5) driver eye movemenis (including fixations to
the vehicles's mirrors and speedometer),

6) driver eye blinks, and

7) driver head movements.

Subjects

All the novice drivers were male and either 16 or 17

years old. They were selected because of their almost
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complete lack of driving experience. In addition, none had
any driver education instruction prior to being tested at'
training level 1 , although nbvice drivers A, C and F
reported that they had driven a friend's car for less than
15 minutes, Novice drivers- C and B did a moderate amount
of bicycle riding. Novice driver E had driven a tractor for
about eight hours, and listed aufomofives as one of his
hobbies. Novice drivers B, D, E and the special novice
driver had never operated an automobile prior to being
tested at training level 1.

Two of the experienced drivers, W and X were empléyees
of a firm which sells automobile insurance, and had taken a
course in defensive driving. Their ages were 31 and 43,
respectively., The other {two experienced drivers were
students at The Ohio State Uﬁiyérsity. They were both 21
years old. All the experienced drivers had driven at least
8,000 miles a year for the last five years. None had
received any traffic tickets, or been the cause of any acci-
dents. One driver, W, had been hit from behind while stopped
for a traffic light. |

All subjects were given visual examinatibqs'and had
20/20 unaided visual acuity. (Reported in detail in Appen-
dix B). The experienced drivers were paid $3 per hour for
| being in the experiment, while all novice drivers received a
free commercial driver education course (valued at $79.,50) for

their participation. The commercial driver education course
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helped assure that all the novice drivers received the
desired amount of on-the-road driving experience between the

tesﬁing periods.

Procedure

At training level 1 for the novice drivers and run 1 for
the experienced drivers, each subject rode as a passenger on
the neighborhood and freeway fﬁns prior to any data collec-

- tion. This wés done to try to eliminate the possible
confounding of any amount of driving experience with the
effecf of route-familiarity. ‘

On each run neighborhood data was collected prior to
- freeway data, Before neighborhood data collection all
drivers were given instruction as to the location of vehicle
con¥rols and dispiays. Then they moved fhe three-way power-
seat so that their eye-height was 44 inches above the ground,
and adjusted their rear and side view mirrors. Prior to
every dataicollection run, lhe novice drivers made several
stops and turns. in a parking lot in order to familiarize
themselves with the vehicle's handling characteristics.

Calibration checks of the eye-movement system were made
before the start of data collection, after the‘stop at Stop-
Sign -1, after the stop at Stop-Sign-2, and at the end of
_-fhe neighborhqod route. For the freeway run formal calibra-
tion checks were recorded only at the beginning and ending
points,'but the télevision monitor provided a means for

continuously checking calibration.
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At the beginning of the neighborhood route, the subjectis

read the following instructions:

"On this test run your visual behavior will be
recorded by our television cameras. Please follow

the route that you just rode as a passenger. Obey.
all traffic signs and sighals, and the speed limit

of 25 m.p.h. At your right is a safety experimenter,
who has the option of applying the dual brake should
the need arise, When we reach the end of the route,
rmember to put the vehicle in park gear prior to the
ending calibration check. Do you have any questions?”

At the beginning of the freeway route, the subjects were
the following instructions:

“On the freeway travel about 70 m.p.h. but do not
monitor your speed any more than you normally do.
The safety man will assist you in watching for
other traffic during merging, lane changing, and
exiting maneuvers., At some point during the route,
T will direct you to change lanes, and then return
to the right-hand lane. Please stay in the right-
hand lane except when traffic ahead forces you to go
slower than 70 p.m.h. Do you have any questions?”

Data collection sessions for all drivers averaged about

two weeks apart, with rain and snow cauéing cancellation of

some

scheduled sessions.

The novice drivers were instructed not to do any driving

between driver education training sessions in order to insure

that

all drivers had the same amount of experience at each

testiﬁg period,

Apparatus

A new television eye movement recording system (Figurel)

was developed for this experiment., - In the figure a sketch of

the on-line TV monitor illustrates the system's output. The

eyespot (representing the driver's direction of gaze) could
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range over 40 degrees in the horizontal direction and over
35 degrees in the vertical direction. If larger eye
movements were made (such as fixations to the wvehicle's
mirrors and speedometer) their location could be determined
from the picturé of the‘driver's-eye.

Correspondence between the eye5pot‘and the visual scene
was 1/2 degree in the horizontal direction and 1 degree in
the vertical direction., The electronic digital clock, which
was updated 20 times every second, provided an accurate -
method for calculating the duration of eye fixations. The
on~line monitor permitted monitoring and ecalibration checks
of the data while it was being ccllected. Once the data was
collected, (as in the case of the special driver study) it
could be instantiy reviewed by the experimenter and/or shown
to the subject-driver to providé him with feedback of his
visual performance, |

The driver wore a specilzl stabilization unit when data
was being collected. This was necessary because of the
requirement of the pick-up apparatus for the driver's corneal
reflection to remain in the same position with respect to the
driver's head regafdless of roadway bumps and'dpiver origin-
ated head movements. As pointed out by Young (1963) a
lateral displacement of 0.1 mm in the pick-up apparatus
- induces an-error of about 1 degree in the measured eye posi-
tion. The stabilization unit consisted of an inner liner

under the helmet, a bite bar for the upper teeth, and a



26
mechanism to tighten the pressure between the driver's upper
teeth and head.

A small incandescent light source (6 volts, 0.2 amps)
‘'was mounted on the unit and positioned to shine into the
drivers right eye. This created the corneal reflected eyesp&t
which was then picked up by a lens and focused on to a fibver
optic cable. Under daytime levels of illumination the light
created by the source was not noticeable to the driver.

A miniature television camera (#1) was also mounted on
the stabilization unit and took a 54° x 41° view éf the road
scene ahead of the vehicle. This camera weilghed 2.5 pounds
and was‘counter-balanced by a pulley and weight placed in
back of the driver. The pulley syétem permitted considerable
freedom of lateral head movement and head rotation.

A second TV camera (#2) vwas mounted on the door post
between the front and rear doors and to the left of the
driver. This camera took a telephoto view (14° .x 11°) of two
front surface mirrors which were mounted on the left-A post. |
One mirror was adjusted to contain an image of the driver's
left eye in order to record instrument panel fixations, .
mirror usage, and eye blinks. The other mirror imaged a
four-digit, seven~-segmental electronic clock which was
updated one unit every Tifty milliseconds to provide fixation
duration information. A third TV camera (#3) was mounted
behind the front seat and received the corneal reflected

eyespot which was transmitted by means of a three-foot fiber
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optic cable. A-double convex achromatic lens (25 mm. FL.,
15 mm. diameter) was used to focus the eyespot directly on
the.vidicon of the TV camera. This technique in combination
with the eyespot-pick~up method perﬁitted tailoring of the
eyespot travel length to correspond to the visual scene for
each subject. Thus, variations between cornea shapes of the
drivers had little effect on system accuracy.

‘The video signals from all three television cameras went
into a sync-generator and then into special effects electron-
ics. The special effects electronics permitted the eyespot
1o be superimposed on the picture of tﬁe visual scene taken
~ by the head mounted camera. It also aliowed the scene
containing the digital clock and driver's right eye to be
cut-in to the upper one-~-fifth of the picture on the televi-~
sion monitor. During data collection periods, the experi-
mentor could view the system's performance on an eleven inch
television monitor. A one-half inch video tape recorder with
stop acﬁion capability made a permanent record of the data.
The television equipment was powered in the vehicle by a 24
volt, 100 amp alternator which was connected to a 750 watt
inverter to provide 110 volt alternating current.

Also mounted in the véhicle was a direct-print oscillo-
graph recorder. This made a record of the vehicle's velocity
- from a tachomefer; and the vehicle's lateral motion from an

acceleroireter. By means of a transducer on the carborator-

input-control, a record of driver gas pedal movements was
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recorded, Driver brake pedal applications were recorded by
an on-off switch connected to the brake lights since the
vehicle was equipped with power brakes. The oscillogruph
was powered by a 12 volt, 100 amp alternator. Synchronization
between the oscillograph and television recordings was ‘
achieved by pressing itwo stimulus buttons simultaneously,

The instrumented vehicle which contained the above
equipment was a 1970 Chrysler Newport with power steering,

power brakes, and a three-way adjustable power front seat.

Data Reduction

An ‘18 inch television monitor and a video tape recorder
with stop action capability was used fér examination of eye-
m;vement TV tapes. Superimposed on the monitor was a grid
with one-degree squares which ranged 54 degrees in the hori-
zontal direction, and 41 degrees in the vertical direction.
This corresponded to the size of the scene recorded by the
miniature head-mounted TV camera.,

Eye fixations were mapped t$ the visual scéne.by the
following procedure. At the beginning of the reduction of
each task, the stérting driQer's head position was taken to
be the poiﬁt imagined to be located at the focus of expan-
sion. The horizontal and vertical distances to this position
" with respect to a fixed point on the vehicle's hood were then
noted,

If the driver moved his head, then the movement of the

head~-mounted camera resulted in different grid coordinates
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corresponding té the fixed position on the vehiclé. In this
manner driver head movemenits were recorded., The coordinates
of éye Tixations were simply the grid location in which they
appeared. A computer program subtracted the head location
from the eye location at each fixgtion point to establish the
location of the eye fixation with respect to the focus of
expansion. -

The following types of visual events were included in
the data: - |

1) eye blinks shown by the insert of the driver's
" right eye '

2) eye fixations shown by the eyespot remaining rela-
tively stable

3) eye-travels shown by the viewing of a blurred
eyespot that is obviously in motion

L) pursuit movements shown by the eye smoothly
following a moving object

5) speedometer fixations‘detected by the eyespot
disappearing and the eye in the insert moving down

6) mirror fixafions detected by eyespot disappearance
and eye moving slightly up and over for the rear
mirror, and down and in the opposite direction for
gide-mounted mirror,

For all the above events the beginning and ending times wviere
noted from the four digit electronic clock.

The eye fixations wené also classified as to whether

they appeared to be on traffic, on road signs, on miscellane-
" ous objects directly straight ahead (at least 300 feet ahead

of the vehicle), or having to do with vehicle lane position
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(scanning the curb, lane ma;kings, or road'close in front of
the vehicle). .

Phe vehicle data, velocity and lateral acceleration was
sampled every quarter of a second, by noting the position of
the analog trace with respebt to the paper grid coordinates.
A computer program subtracted the zero point and multiplied

the data by a scale factor.

Measures of Performance

Below is a list of the statistics célculated from the
dependent variables listed in the section on experimental
design. The statistics are listed in the order in which
they are presented in Chapters IV through VII.

A, Visual Activity Measures .

1) Travel Distance per Second

2) Range of Horizontal Fixation Locations

3) Range of Vertical Fiﬁaﬁion Locations

L) Mean Fixation Duration

5) Correlationé between the first four measures
B. Visual Location Measures

1) Median of Horizontal Fixation Locations

2) Median of Vertical) Fixation Locations
C. Mirror and Speedometer Measures |

1) Number of Rear View Mirror Glances

25 Number .of Side Mirror Glances

3) Number of Speedometer Glances

L4) Mean Duration of Rear View Mirror Glances
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5) Meén Duration of Side Mirror Glances
6) Mean Duration of Speedometer Glances
Pursuit Eye Movements
l)‘ Numbér of Pursuit Eye Movements
2) Median of Pursuit Duration
3) Range of Pursuit Duration
4) Percent of Total Visual Fixation Time
Eye Blinks
1) Number bf Blinks per Minute
Head Movements
1) Range of Head Movements
Control Measures -
1) Mean Deceleration Rate (Tasks 1 through 5)
2) Maximuﬁ Lateral Acceleration (Tasks 1 through 5)
3) Effective Curvature (Tasks 6 through 9)
L) Average Vehicle Velocity (Tasks 10 through 15)

5) Standard Deviation of Lateral Acceleration
(Tasks 10 through 15)

Reasons for the selection of these measures are given in

Chapters IV through VII.



CHAPTER IV
RESULTS--MEASURES OF VISUAL. ACTIVITY AND LOCATION

For all measures in Chapteré If through VII, tests of
significance over training levels for the_novice drivers vere
conducted using a linear model which considered subjects to
be a random effect. lThe model and assumptions of the tests
are’ presented in Appendix C. In Appendik]j are all the
analyses-of_variance summafy tables. This model was also
used to test for significant differences between Ruh 1l and
Run 2 for the experienced drivers. No differences between
runs for the experienced drivers were founa to be significant
for any of the measures reported,

Possible significant differences between the novice and
experienced groups were investigated using the Mann-Whitney U
Test., The assumptions of this test were met in ali cases and
are given in Appendix B.. For all statistical tests the
probability of rejecting a true null hypothesis had to be ,10
or less for the result to be called significant, The actual
alpha level (probability of rejecting a true nuli hypothesis)

is reported with each result.
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Eye Travel Distance Per Second

For any sequence of eye movements over time the sum of
the travel distances between fixations divided by the total
time gives the statistic, eye travel distance per second.
Large values of this measure indicate that the driver is
scanning a large area and/or that he is making small jumps
and quick fixations in a small area. For either case, a
large travel distance per second value means that the
driver*'s visual system is actively obtaining information
from the environment. Hence, this measure is positively
correlated with the amount of visual attention which drivers
direct towards the control of their vehicles. |

In Figure 5 average travel distance per second is
graphed'by training levels and driving tasks. One obvious
effect is that the novice drivers decreased their scan acti-
vity rate as they acquired driving experience. Analyses of
variance indicated that search activity at the training
levels were statistically significant on the following tasks:

1., approach to Stop Sign 1 (p <.10)

2. approach to Stop Sign 2 (p <.10)

5. approach to Right Turn (p <.05)

12, change to Right Lane (p <.05)
Thus, as showﬁ in Figufe 5, the average for the novice group
moved away from that of the experienced group when going from
training level 1 to training'level 3. Therefore, a conserva-

tive test of the differences between the novice and
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experienced groups would entail using the novice drivers'
average over training levels. Mann-Whitney U Tests indicated
that the activity level of the no?ice group was below that of
the experienced group on the tasks listed below:

- 1, . approéch to Stop Sign 1 (p < .033)
3. approach to Traffic Light (p < ,007)
4., approach to Left Turn (p < ,003)

10. change to Left Lane (p < .01)

11, driving in Left Lane (p < .086)

12. change to Right Lane (p < .019)

Clearly, the activity levels of the novice drivefs were
less thén those of the experienced group. This may indicate
that thé experienced drivers soanned-wider in the-horizontal
direction, vertical direction, and/or that they had shorter
fixation durations. The next three dependent variables to be
considered, range of horizontal fixations, range of vertical
fixations, and duration, all partially relate to changes in
the visual activity measure., Correlations among these

measures are presented in a later section.,

Range of Horizontal Fixation Locations

The rénge of a collection of values is simply the abso-
1uté value of the smallest value subtracted from the largest
value. The locations of mirror and speédometer fixations
were always excluded when ca}culatiné the ranges since they
were so extreme‘and occurred infrequently. Note that when

the direction of foveal vision is shifted through a wide
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range and é fixation occurs, then during the fixation period
the surrounding area may be monitored with peripheral vision.,
Thus fixation ranges are sensitive to the amount of area tha{
was searched. |

The average ranges of horizontal fixation locations are
plotted in Figure 6., A major trend was for the novice
drivers to decrease their horizontal sampling range as they
progressed through driver education training. The following
tasks had significant training level effects: -

1. approach to Stop Sign 1 (p < .01)
2, approach to Stop Sign 2 (p < .05)
3. approach to Traffic Signal'(p < ,10)
. b, approach to Left Turn (p < .05)
However, on Task 4 the difference in horizontal range between
training levels 1 and 3 was not significant.

That there is not a perfect correlation betﬁeeh horizon-
tal range and travel distance per second can be seen most
readily by examining the points for the experienced gréup on
Tasks 10 and 1l. Again, the experienced group had larger
vélues than the novice group. Mann-Whitney U Tests on the
data gave the following significant differences between the
groups: :

1, approach to Stop Sign 1 (p < .019)
L, approach to Left Turn (p < .,056)
5; approach to Right Turn (p < .086)
10. change to Left Lane (p < .017)
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“1l. driving in Left Lane (p < .086)
12. change to Right Lane (p < .019)

Range of Vertlical Fixation Locations

'The average ranges of the vertical fixation locations
are plotted in Figure 7 as a function of nowvice driver
training levels., There does not appear to be any trend
toward decreases in vertical fanges vith amount of driver
training. However, for the tasks listed below the differ-
ences between training levels was significant.

2, approach to Stop Sign 2 (p < .10)
L, approach to Left Turn (p < .10)
5. approach to Right Turn (p <..05)

There were no significant differences for any of the
freevay tasks. The largest.significant change in vertical
ranée occurred for the abproach to Right Tufn Taék. and
appears to account for some of the decreased activity for
this task shown in Figure 5.

On only one driving task, the change to Left Lane‘(#lo),
was the value for the experienced group significantly higher

than that of the novice group (p < .086).

Pixation Duration

The mean fixation .durations for the neighborhood and
' freeway driving tasks are graphed in Figure 8. Consider

first tha changes with training levels for the novice group.

For the neighborhood tasks there were no significant
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differences, The unusually large values for level 3 of
Task 1 and level 2 of Task 5 were caused by one of the
drivers staring for a long period. Below are the freeway
tasks that had a significant training levels effecﬁ:

10. change to Left Lane (p < .05)

12. change to Right Lane (p <-.10)
This increase in fixation durations may account for part of
the decreases in activity shown for Tasks 10 and 12 in
Figure 5.

Although there were no significant differences betwecn
the novice and experienced groups on the neighborhobd tasks,
there were for the Freeway tasks listed bhelow.

10, change to Left Lane (p < .019)

11, driving in Left Lane (p < .01)
The longer fixation time by the'novice drivers on Task 10
may be due to difficulty in abstracting lane position infor-
mation when changing lanes. This hypothesis is supported
by the large number of tracking eye movements made by the

novice group and reported in Chapter V,

Activity Measures-~--Correlations and Individual Differences

Correlations were computed between the following
dependent variables by driving task and subject group:

1) Eye Travel Distance Per Second and Horizontal
"  Range

2) Eye Travel Distance Per Second and Vertical
Range
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3) Eye Travel Distance Per Second and Mean
Fixation Duration

These are shown in Table 1 with a +{dot) indicating the '
correlations found to be significantly different from zero
(t < .03). |

| Considefing Distance Per Second and Horizontal Range,
the most striking result is that the only non-significant
correlations were for the experienced group on the two
ffeeway lane change tasks. This suggests thaf freeway lane:
changing requires a different sampling strategy than the
other tasks. The novice group, except for the approach to
the‘Traffic Light and travéling in rigbt lane Tasks always
h?d about 50% of the variance in the Distance Per Second
scores accounted for By the Horizontal Rangé scores.

In terms of Distance Per Second and Vertical Range
significant correlations were found for the novice group in
the heighborhood tasks, but only one (Task 1) was significant
for the experienced group. Thus for an experienced driver
greater scan activity does not mean'sampling a larger verti-
cal area.

. For a;l the experienced drivers' freeway tasks ‘the
coryelations between Distance Per Second and Fixation Dura-~
tion were significant while for the novice drivers only
Pasks 11 and 12 had significant correlations. Thus the
experienéed drivers relied on increases in ffequency.of
sampling to abstract information while driving on the

freeway.



Table 1

Correlations Between Activity Measures
N = 36 Novice Drivers

N = 16 Experienced Drivers

Tasks - |
1 2 3 4 5 10 112 12 - 13
Distande/Sec Novice 75 W77 W51 .72 .75 .79 .70 8%k .56
X Range - N . . . » . . .
Experienced W77 W84 .74 .85 .78 .96 -.04 .60 .12
! [ [ ] L} ) [ ] L [ ] [ ]
Distance/Sec Novice | 48 .56 J4B .50 W40 .55 -.20 .56 -.34
¥ Range _ . .
Experienced «50 .30, W43 .29 -,06 .19 =32 .56 -,04
DiStanCE/Sec NOVice -.LI"‘L" "'06.6. -.14-8. -032 -.43 bt ) 06 = 51. "'060. -.32
a.nd [] [} L] [] [} . ‘e
Duration Experienced -.38 =.52 ~.41 -.,6L -,58 -.79 -,66 -.50 -,49

€t
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In correspondence with Table 1 is Figure 9, which is a
summary of the relationships between the activity measures
for the novice and experienced groups. Significant differ-
ences between the novice and experienced groups are shown by
the symbol & . Note also that fixation rate (fixations/sec)
is shown in place of fixation duration.‘

The largest differences are for the horizontal range
_measure of the freeway tasks. Note that for the tasks that
appear to be somewhat difficult, changing to the left lane
and.changing'ha the right lane, the differences were larger
than for the easier tasks.

It should be evident from Figure 9 that there are
various relationships betweén tasks and driving groups for
the activity measures. Fach task appeared to demand frém
the drivers a special strategy-in terms of the types and
amount of visual activity. For example compare the strate-
gies of the experienced group when approaching Stop Sign 1
and when approaching the traffic light. Although the acti-
§ity levels are about equal,: for the traffic light task the
experienced drivers decreased their horizontal range of
sampling. increased their vertical range of éampling and
increased their number of fixations per second.

No study of learning would be complete without some
attention being given to individual subject tasks., Because
space prohibits displaying the performance of'every driver,

the results of two novice drivers whose performance appeared
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to be very different were selected for graphing, In Figure 10
relationships between the aclivity measures are shown for all
the tasks for novice drivers C and F. Comparisons with the
performance of the novice and experienced groups can be made
by referring fo Figure 9 which is in the same scale.

Note that on the neighborhood taské the fixation rate of
driver F was always less than that of driver C, yet on the
freeway driving tasks driver F increased his sampling rate
so that it almost equaled that of driver C. Thus, driver F
has the capability of sampling faster when driving in the
neighborhood, but apparently chose not to do so. The lower
sampling frequency and smaller horizontal range for driver F

suggests a slow sampling pattern.

Median of Horizontal Fixation Locations’

The place where a driver 'samples to obtain his informa-
tion also reveals an important part of his visual sampling
strategy. The median was used as the measure of central
tendency because of the skewness of the data and the small
sample sizes., Positive values of the horizontal median
indicated the drivers were looking to the right, and nega-
tive values to the left., For the verfical median positive
values indicated looking straight ahead or at the sky, while
- negative vglues indicate looking at the ground or road
surface. For both the neighborhood and freeway tasks, there
were no shifts in the median of horizontal fixation locations

with increased driving experience by the novice drivers.
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However, the medians of location appeared to shift as decel-
eration maneuvers were being completeds In order to investi-
gate this shifting each run of the neighborhood tasks was
divided into two sections of equal time. Then medians were
computed separately for the first and last sections. Analy-
sis of variance tested the sections effect and showed that
there were no significant interactions between task sections
and training levels, ' '

In Figure 11 are the median horizontal locations by
task sections for the novice and experienced groups. For
the fregway tasks no first and last divisions wefe made,
Considering the differences between the first and last half
gections the following tasks had significant differences
for the novice group: |

1. approach to Stop Sign 1l{(p < .05)

5. approach to Right Turn (p < .01)
and the tasks below had significant differences for the
experienced group:

k., approach to Left Turn (p < .05)

5. approach to Right Turn (p < .01)
The median horizontal location shifted to the right during
the last half of the Stop Sign 1 and Right Turn Tasks. For
. the Left Turn.Task it shifted to the left., It is most appar-
ent in Figure 11 that the median‘ho?izontal location of the
novice group was always o the rigﬁt of that for the

experienced group in the neighborhood driving situations.
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Tests for différences were made between groups for both the
first and last half sections, since it appears that the
sections do reflect different sampling patterns in terms of
fixations locations. The following significant differences
between the novice and expérienced groups were found using
the Mann-Whitney U Test: |

1, first half-stop #1 (p < .005)

2, first half-stop #2 . (p < .01) |

3a. first half-traffic light (p < .019)

3b. last half-traffic light (p < .OL)

5. last half-right turn (p < .086)
There were no significant differences between groups for the

freeway driving tasks.

Median of Vertical PFixation Locations

In Figure 12 the vertical fixation location medians are
presented by first and last half task sections, The follow-
ing tasks had significant first and lasgphalf differences
for the novice group. |

l. approach to Stop 1 (p < .05)

5. approach to Right Turn (p < .01) _
For the experienced group th? only significant differerice
was for the Approach to Right Turn Task (p < .05). All the
above differences were in the direction of lower (closer in
front of the vehicle) fixation locations during the last

half of the deceleration maneuvers.

The median vertical fikation locétions'of the novice
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grbup werg lowef than those of the experienced group on
Tasks 1, 2, 3, 5, 11, and 12, Significance tests between
the‘groups revealed the following results:

1. Yast half-stop #1 (p < .057)
2. first half-stop #2  (p < .086)
3a, first half-traffic light (p < ,086)
3b. last half~traffic light (p < .057)
12. change to right lane (p < .019)

Summary and Individual Differences of Location Measures
| .The tendency of the novice'drivers to look farther to

the right and closer in front of the vehicle than the experi-
: enced group suggests that they are concerned with the pick-
up of vehicle lane position information.

The finding of their looking lower and farther to the
right for the approach to the traffic light was surprising
in view of their frequency of sampling on the traffic signal,
However, as shown in Figure 13, the experienced drivers
sampled the light more during the last portion of the run.
Since, when the vehicle is close to the light a greater
visual angle is required to sample it, this partially accounts
for the higher median location of the experienced drivers on
Task 3. | . 5

In Figure 14 the éhifts in both the median of vertical
and the'median of horizontal locations are shown for novice
driversAC and F as a function of first and last task sections.

On evéry driving task the median location of the gaze of
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driver C was to the left of driver F for both the first and
last sections, When compared with the median of the experi-
enced group the shifts of driver C are similar in the hori-
zontal direction, but not in the vertical direction. In
particular on the approachés to Stop Signs 1 and 2 driver C
shifted downward during the last half division while the

experienced drivers either looked higher or straight ahead,



CHAPTER V

RESULTS -~ MIRROR AND SPEEDOMETER GLANCES, PURSUIT
EYE MOVEMENTS, EYE BLINKS, AND HEAD MOVEMENTS

Mirror and Speedometer Glances

Both mirror and speedometer glances appear to be
controlled by learned voluntary commands of the driver.
There is no built-in mechanism that will make a driver auto-
matically glance at the vehicle's mirrors or speedometer.
Presumably, when a driver féels_a need for information from
"~ these sources, a command will be initiated to the eye to
travel to the mirror or speedometer. Hdwever. the large
eye movements necessary to sample the mirrors and the
speedometer are unnatural to the normal relatioﬁship between
heaq and eye movements. Usually an eye movement of 15
degrees or greater is accompanied b& a corresponding head
movement, In a Cartesian coordinate system with the zero-
zero point at the focus of expansion, the following locations
were found for the vehicle'’s mirrors and speedometer:

1) Side Mounted Mirror: -52 Horizontal, -12 Vertical
' degrees

'2) Rear View Mirror: +40 Horizontal, +5 Vertical degrees
3) Speedometer: O Horizontal, -18 Vertical degrees

Both the necessity for Xarge eye movements and the voluntary

56
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control aspect may contribute to the difficulty that novice
drivers appear to have in integrating mirror and speedometer
glaﬁces into their search and scan strategies.

The data for +the freeway and neighborhood sections are
presented below for a fixed portion df the route. This was
done, in place of presenting the data by tasks, in order to
increase the sample size and eliminate variations due to the
exact time a glance_was executed. The freeway section
examined céntained three lane changes and was about 2.5
miles long. Thé neighborhood section was a straight section
that was .5 miles long and ended at a stop sign. Figure 15
shows a comparison of the neighborhood and freeway sections
by groups. The neighborhood section had a low frequency of
both mirror and speedometer sampling. It is interesting to
note that at training level 3, the novice groups did very
little mirror or speedometer checking.,

Considering the mirror glances on the freeway, the
experienced group clearly had a largér number per run than
fhe novice grdup. However, the novice drivers made more use
"of their speedometers than the experienced drivers.

fhe frequency of sampling for individual drivers is
shovn in Figure 16. For tﬁe rear view mirror category, only
- one novice subject, driver C, approached ihe rate of the
experienced gfoup. Not? that novice driver D did not ever
sample his rear view mirror. The side view mirror was hardly

used at all by drivers in the novice group.
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Figure 16, .Frequency of mirror and speedometer sampling

by individual drivers with neighborhood and

freeway data combined.
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Frequency of speedometer sampling showed the largest
differencés'among novice drivers, These individual differ-
ences may relate to the drivers psychophyéical capabilities
to egtimate vehicle velocity. On the other hand, a low rate
of speedomefer sampling may mean a driver is visually over-
loaded, while a high rate suggesté the driver has spare
visual capacity.

Because of.the low frequencies of the mirror and. speed-
ometer glances for ‘the neighborhood section, duration data
were only calculated f&r the freeway section. In Figure 17,
mean glénce duration is graphed.for the rear view.mirror,
side mirrorn, and speedometer. A surprising result was the
short duration of the side mirfor fifations by the novice
group. Since the side mirror was located about 52 degpees
to the left of center and 12 degrees down, it had a large
eye travel distance associated with it., This in conjunction
with the eye poséibly reaccommodating, suggests the novice
drivers received little information from their infrequent
g}ances_to the vehicle's side mirror. They did manage to
use their rear mirrors, however. .

The lower mean glance duration of the speedometer
samples by the experienced group suggésts that they have

become skilled in its use.

- Pursuit Eye Movements
The most intéresting phenomenon found in the data was

pursuit or following eye movements. The purpose of the
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pursuit is to stabilize, as much as possible, the retinal
image with respect to the retina. This enables the observer
to continuously observe the object for a relatively long
time period. If a driver would look only very close in
front of the-vehicle when traveling at freeway speeds, then
optokinetic nystagmus would occur. Optokinetic nyétagmus
are involuntary, cohjugaté. rhythmical movements which
contain a pursﬁit phase that alternates with quick feturn
jumps. This is not the type of phenomenon observed in the
data. Between évery two pursuit movements observed there
was at 1east one regular fixation.

Almost every fixation that occurs'in the driving envi~'
ronment has a pursuit component. In Table 2 angular veiocity
is shown in degrees/second as a function of distance ahead of
a vehicle and lateral distance to the side of the vehicle.

It is assumed the vehicle is traveling at 50 m.ﬁ.h.

Distance Ahead Lateral Distance From Side
(feet) 5 feet 15 feet 50 feet
1000 | .02 . 06 .21

500 - .08 .25 .83

300 23 .70 2.3

100 2,1 6.1 16.0
50 8.3 23.1 2,1
0 840, 0 280,0 84,0

Table 2. Angular Velocity by Distance Ahead and to the Side
of the Vehicle (degrees/second).
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Note that at a distance far ahegd of the vehicle, the
greatest angular velocity occurs at 50 feet to the side of
the vehicle, while at a close distance in front of a vehicle
the greatest angular velocity would occur directly in front
of it. Since pursuit eye movements ‘are possiﬁle when the
speed of the object reaches the drift vélocity of the eye
(about 5 min/%ec or ,083 deg/sec) they commonly occur when
driving. Therefore, to clearly differentiate the pursuit
phenonenon from the regular saccades, only following -
movements of 400 milliseconds or greater have been classified
as pursuit eye movements. Data of a 2.5 mile stretch of the
Freeway Driving situation (vehicle velocity = 70) were
examined for pursuit eye movements. In Figure 18, are the
frequencies, medians and rangeé of pursuit eye movements for
five novice drivers, Also inc}ﬁded is the percent of pursuit
movements as a function of total fixation time. The experi-
enced drivers, one novice driver (subject C) and the special
novice driver did not make any pursuit eye movements. The
average median duration over all subjects was 1.0 seconds.
The percent of time or volume of pursuits was in correspond-
ence wifh that found by Kaluger and Smith (l9?0)'for faﬁiguéd
drivers.,

Pursuit eye movements occurred on a variety of objects
" in the driving environment. In Table 3 frequencies of
pursuits are listed by type of object and subject. Assuming

that looks at the guard rail, left{ edge, right edge, and
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center lane markers all provide information to the driver as
to his lateral position, then 70 percent of the pursuit eye

movements were-for that purpose.

Objects/Subjects A B D E F Total

Left Edge Marker 3 1 5 10

Center Lane Marker 18 7 1 26

Right Edge Marker ) 15 7 22

Guard Rail 6 3

Bridge 5 1

Road Signs 2 1 3
r;ehicles 3 | 1 o L |

Landscape 1 11 12 |

Total 21 7 8 27 29

Table 3. Freguencies of Pursuit Eye Movements by Subjects
and Objects.

There was also some evidence for frequency of pursuits
to decrease as a function of training levels, At training
level 1 the five novice drivers made 42 pursuits; at training
level 2, 33; and training level 3, 17.

According to Alpern (1962) the eye muscle actions during
pursuit are typical of many unskilled movements such as might
occur when a child.learné to write., These unskilled
_movements are clasSifiéd as slow-tension movements because
they are the result of Unly.a sight difference in tension
" between +the agonist and antagonist. Apparently these slow-

tension movements disappear with motor-skill training. It
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appears that they also disappear with increased perceptual

skill when driving.

Driver Eyeblink Rates

One of thé functions of any eygblink is to keep the eyes
functionally active. Every eyebiink is.accompanied-by tear
secretion, The eyelid closing distributes this secretion
over the surface of the cornea. There are three types of
eyeblinks; voluntary, periodic, and reflexive. The reflex
blink occurs as part of the response to sudden loud or bright
stimuli. The rate of periodic blinking is controlled by the
central nervous system and varies widely amoﬁg individuals.
King and Michels (1957) found the average rate of blinking to
be 12.5 blinks/min., Taking into account that the eyelid is
closed for a period of 130 mscs. per blink, (Gordon, 1951)
result is a pattern of 4,870 mscs. of light followed by 130
mscs. of darkness. Most people are unaware that thelr visual
input is interspersed by these short periods of darkness.

The possible interférence of blinking with visual tasks
has been studied by Lawson (1948), Drew (1950) and Poulton
and Gregory (1952). Lawson suggested that blinking may be
"a primary cause of proneness to accident" in driviné and
flying. Drew, however, reported that the blink rate varies
with the Qifficulty of the task, and.found no differences in
task accuracy between rapia and infrequently blinking
subjects. A finding of Drew's that is relevant to the

present study is that four automobile drivers averaged 1.0
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blinks/minute in heavy traffic and 8.2 blinks/minute while
driving in'the country. Thus, the most difficult task had
the lowest blink rate.

Poulton and Gregory found that blink rate varied
inversely with the difficuity of .a tracking task. Listed
below are the mean numbers of blinks pef minute for the
conditions reported by Poulton and Gregory:

"Resting" before.eXpériment 17.6

Immediately before tracking 23.5

Tracking straight course 8.6

Tracking curved course 2.7

Immediately after tracking bi.6

“Resting" after exper@ment 21.6
Thus, the difficulty of tracking the curved course substan-
tially reduced the blink rate.-

The Poﬁlton and Gregory study indicates that when the
situation requires a lot of information to be extracted in a
short time period, one response of the visual system is to
feduce the rate of blinking. This puts the eye under some
degree of stress due to the cornea not being as frequently
lubricated by the tear secretion. It also defrgdts from the
statement of Lawson's that blinking is associated with acci-
dent proneness, since regardless of the initial blink rate,
- blinking is inhibited when the situation demands it. Appar-
ently, peop;e's visual systems are tailored to operate at

approximately equal efficiency levels while having widely
different blink rates,
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In the present experiment, blinks were counted over part
of the neighborhood and freewaf driving situations. The
neighborhood section was straight, and ended at a stop sign,
It took 70 seconds to travel at 25 miles per hour. The
freeway section was also straight but it involved three
. vehicle lane changes. A%t 70 m.p.h., it took i?O seéonds to .
complete the route. ' |

In Figure 19 blink ratés are presented by individual
drivers for the neighborhood, and freeway routes. Large
individual differences in the periodic blink rate are quite
apparent, Consider the blink rates at training level 1 of
the novice drivers. Here subjects B, C..D, and E had higher
blink rates on the neighborhood tasks than the freeway tasks.
This suggests that traveling at 70 m.p.h. is difficult for the
novice drivers, and the need for more information inhibited
their blink rate. No such reduction in freeway blink rates
was found for the experienced drivers. In fact, on their
first runs, all the expéfienced drivers had a lower blink
rate on the neighborhood route than the freeway route.’

It is also interesting to note that threg novice drivers,
B, D, and E had a lower blink rate on trial 3 of.the nieghbor-
hood route than trial 1. This may indicate that on trial 1
their blink rate was "nprmal" and by trial 3 it had adapted
%o the needs of the situation,

In order to further test the association between task

difficulty and blink rate the blinks were counted for the
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freeway lane change (Tasks 10, 11, and 12 combined). These

results are reported in Table 4 below.

Novice Drivers “Experienced Drivers
A B C D B FooOIW X Y Z
Training Run
Training : Rwn
level 3| © |06 9.0|40]3.0 |3.3|0 2k0]| 0 [

Pable 4. Blink Rates for Freeway Lane Change (Blinks/Min)

One exception to the rule of decreased blinking with
increased task difficulty can be seen in driver A's data.
During his freeway run which lasted 175 seconds, he.made six
eyeblinks, yet four of these occurred in a 17 second period
when he was changing lanes. Apparently, in some cases a
stressful task may increase the blink rate. At the other
extreme, subject C who had an overall blink rate of 16
blinks/minute reduced his blink rate to 4.6 blinks/hinute.
during the freeway lane change at training level l. Considering
the large individual differences found between driver's blink
rates on the lane change maneuver, it seems reasonable to
conclude that the task of vehicle lane position monitoring on
high-speed freeways is not analogous to the laboratory curve
tracking tasks such as studied by Poulton and Gregory.

The eyefﬁlinks that were associated with mirfor and
speedometer glances vere not included in the above data.
Following 85 percent of the mirror glances and 82 percent

of the speedometer glances was an eye blink. During the
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period of the biink the eye usually traveled back to some
point ahead of the vehicle, Since this type of blinking
occﬁrred with such regularity it does not fall in the cate-~
gory of an involuntary periodic blink. Thus it appéarsithat
+the visual system has compensated'for the difficulty in
dbstracting mirror and speedometer information by refreching
the eye with a blink. It would be interesting to investigate
whether eye blinks are associated with thereading of a well
designed digital speedometer., When considering mirror and
speedometer glance durations, about 200 mses. should be
added to the values présented in Chapter VI to acéount for

- the accompanying eye blink.

Head Movements

The miniature TV camera, which viewed the road scene
ahead, was firmly attached to the statilization unit that
was mounted on the driver's head. Thus, when the driver
moved his head, the miniature TV camera moved with it. A
particular point on the hood of the vehicle was used as‘a
reference point, and driver head movements were mapped around
that point. A computer program calculated the amount of head
movement for the five neighborhood deceleration tasks and the
four freeway tasks;

In Figure 20 are fhe mean ranges of head movements for
the novice and experienced groups. On only one task, the
approach to Stop Sign 1, was the decrease in range of head

movements as a function of training levels significant
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(p < .10). This was somewhat surprising in view of the
significant decreases in paﬁges of horizontal fixation loca-
tions previously reported for the novice drivers.

The ranges of head movements for the experienced driver;
were found to be significantly greater than those of the
novice drivers on the following tasks.

1. approabh to Stop Sign 1 (p < .057)
2. approach to Stop Sign 2 (p < .057)
i, approach to Left Turn (p < ,032)
10, change to Left Lane (p < ,005)
“11l. driving in Left Lane (p < .057)

Although the ranges of the experienced drivers were
higher than thﬁse of the novice drivers on all the other
driving tasks, the differences were not statistically signi-
ficant.

Large differences between subjects were found for both
the novice and experienced groups in terms of range of head
movements., 1In Figure 21 the mean ranges are shown .averaged
over the five neighborhood tasks by individual drivers, and
also averaged over the four freeway tasks by individual
drivers. As can be seen, novice drivers A and C and experi-
enced drivers W.and Z all made large head movements relatiye
to the other drivers. It also appears that the freeway tasks
tended to inhibit the head movements of the novice drivers
but not of the. experienced drivers.

The smaller range of head movements of the novice
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drivers may be due to their smaller range of eye fixation
locations; Some relationships between head movements and
eye movements have been reported by Sanders (1963). Sanders
conceptualized the functional visual field as shown in
Figure 22.

He found that when a display was in the stationary field
(0 to 30 degrees) it could be responded to without any eye
movement, but in the area from about 18° to 30° (Area A) eyé
movements were preferred. If the display was between 30 and
90 degrees, eye movements were necessary for a response, and
beginning at 72° (Area B) eye movements were accompanied by
head movements. If the display was located at 90° or greater
from the center then both head movement and eye movements
were necessary.

Such relationships between the stationary field, eye
field, and head field of courée depend on the intensity and
complexity of the display. However, Sanders data clearly
indicate that for some tasks the eyes travel as far as 72°
unaccompanied by head movements.

Data from the present study indicate that drivers make
small'head movements (0 to 3 degrees) regardlés;'of whepe
they are fixating. Head movements greater than 3° accompan-
ied eye fixations that were greater than 60° from straight
" ahead. Thus drivers' glances at their mirfors and speedome-
ters are usually only aécompanied by small head movements.

In contrast with the findings of the present study and
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those of Sanderé are data recently reported by Robinson,

et, al. (1971). They reported that head movements simply
lagéd\the eye movements by about 50 mscs, when the eye fixat-
ed on targeﬁs Lo, 60, and 80 degrees from straight ahead,
They then assumed that it was possible to study drivers
search behavior by recording head movements. That large

eye movements (30 to 70 degrees) are possible without corre-
sponding head movements has been demonstrated by Sgnders and

the present study.



CHAPPER VI
RESULTS~-SPECIAL NOVICE DRIVER

In order to investigate whefher training would aid in
the development of visual search and scan patterns, one
additional novice driver was given special instruction.

In Figure 23 is an outline of the experimental treatment
given the special novice driver. It was identical to that
of the other novice drivers except for the feedback and
instruction training given just prior to testing at
training levels 2 and 3. .

The first phase of the training consisted of having the
subject view the search and scan patterns of an experienced
driver, and then view his own search and scan patterns., The
second phase consisted of giving the driver verbal.instruc—
tions as to where to look. The special novice driver was
told the following:

1) Scan wider in the horizontal direction.

2) Look far ahead. Don't look at the road just
in front of the vehicle, '

3) Sample your mirrors more frequently.
These instructions were based on differences found
between tlie novice and experienced drivers search and scan

patterns and are reported in Chapters IV and V. An attempt
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Attain Driving Permit

Training Level 1

Nine Neighborhood Driving Subtasks
Six Freeway Driving Subtasks

|

Feedback and Instruction
Training Level 2
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Six Freeway Driving Subtasks

J .
Feedback and Instruction

J

Complete Driver Education Course

y

Training Level 3
Nine Nelghborhood Dr1v1ng Subtasks
Six Freeway Driving Subtasks

Figure 23, Experimental Plan -- Special Novice Driver
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was made to keep the instructions simple, and the number of
them small.

.-The technique used to display the special novice
driver's results in relationship to the other novice drivers
was as follows, First, the results for the special novice
driver were plotted. as a function of training levels. Then
at each training level, the range of values found for the

other six novice drivers was graphed,

Travel Distance Per . Second and Horizontal Range

In Figure 24 are the values of travel distance per
second for the special novice driver for the neighborhood
and freeway driving tasks together with the range of values
for the other six novice drivers. For the freeway driving
task it can be seen that at training level 3, as compared to
training level 1, the average travel distance per second
for the special novice driver always had a higher value in
relationship to the range of the novice group. For example,
for Task 12, the special novice driver's value fell in the
middle of the novice group's range at training level 1, as
compéred to being at the top of the range at training level
"3, The same result was found for all the neighborhood
driving tasks, excépt the Approach-to-~Right~-Turn., This
. suggests that one of the effects of the 3pecial instructions .
was 1o 6ounteract'the downward trend Bf activity over

training levels that was found for the novice group.
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The ranges of horizontal fixation locations for the
special novice driver are shown in Figure 25. For seven of
the nine driving tasks at training level 3, the special
novice driver scanned wider in the horizontal direction than
any of the other novice drivers, In contrast at training
level 1, when the special novice driver had not received any
instruetion, his horizontal range was smaller than that of
any of the other novice drivers on three of the driving
tasks. Thus, it appears that the instructions to scan widef
in the horizontal direction were followed by the special

novice driver.

Locations of Fixations in the Vertical Direction

The instruction to the novice driver to look far ahead
of the vehicle may have had an effeclt on his median vertical
fixation. In Chapter IV significant differences were
reported in terms of first and last half divisions of some
neighborhood driving tasks for the median of vertical fixa-
tion locations. Hence, the resulis here are shown by first
and last half task divisions as well as by training levels.

In Figure 26 the medians of vertical fixation locations
are shown for the first division of the peighborhood driving
tasks, Again, the trend that the special novice driver;s
values are lower than that of some of the regular novice
drivers at {training level 1, and hiéher than those of any of
the novice drivers at training level 3 is readily apparent.

Thus, the instruction to look further ahead appears to have
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been responsible for the high median of vertical fixation
locations of the special novice driver for the first half
divisons of the neighborhood tasks. In Figure 27 are the
corresponiding measures for the second division of the
neighborhood tasks. Here, the increase in the median of
vertical fixation locations over training levels is not
quite so apparent for the special novice driver. However,
at training level 3, the special novice driver's median is
higher or equal to that of all the other noﬁice.drivers
'except for the Approach-to-Stop-Sign-2 task. In Figure 28
are the medians of vertical fixation locations for the
freeway driving tasks, Between training levels 1 and 3 the
special novice driver had a rise in median vertical location
for all the driving tasks. This suggests that the training
given to the special novice driver affected how f%r he

.looked ahead of the vehicle.

Mirror Glances

In Tgble 5 are the number of mirror glances for the
freeway run by subjects and training levels. It appears
that the special novice driver (SN) was already a frequent
mirror saﬁﬁler at the first trainiﬁg level, It is interest-
ing'to note, however, that at’ training level 3, the special
novice driver had more than twice as many mirror glances as
any other novice driver. The correéponding frequencies for

the neighborhood run are in Table 6. Here, the effect of
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the instructions is apparent with the special novice driver

having zero mirror glances at training level 1,

Subjects
A B C D B P SN
Training
Levels 1 5 4 11 1 9 1 13
2 1 7 8 0 b 6 12
3 | 3 5 7 0 4 3 16
Table 5. Number of Freeway Mirror Glances by
Training Levels and Subjects.,
Subjects
A B C D E F SN
Traing -
Levels 1 2 b 3 0| 2 1 0
2 0 0 0 0 0 1 5
3 0 0 3 0 0 0 3

Table 6. Number of Neighborhood hirror Glances by
Training Levels and Subjects.,



- CHAPTER VII
RESULTS~-CONTROL PERFORMANCE

Control Behavior During the Neighborhood Deceleration Tasks

There were five sections of the neighborhood runs on
which all drivers decelerated‘fhe vehicle. - At Stop-Sign-1
and 2 the vehicle came to a complete stop. The vehicle's
final velocity at the traffic signal depended upon whether
it was red or green, Of the 26 approaches made to the signal,
the vehicle came to a complete stop at'19 of them. On both
l the Approach to the Left Turn and to the Right Turn the
vehicle always slowed down but never came to a complete stop.

The computer output of the analysis of velocity includéd
a plot of velocity over time. Using this ﬁlot the portion
of the curve over which the deceleration was approximately
constant was chosen for analysis. This always included at
least the middle two-thirds of the deceleration maneuver
straight line was then fitted to the data using the BMDO5R
Regression Analysis Program. The slope of the fitted line
was taken to be the vehicle's deceleration rate for that
maneuver,

In Figure 29 the méan deceleration rate is plotted for
the novice and experienced groups. An analysis of variance

of the novice drivers' data over all tasks indicated that
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training level was statistically significant (p_< ;05). For
Tasks 1, 2, 3, and 4, the deceieration rate increased between
training levels 1 and 2 while for Task 5, it increased
befween training levels 2 and 3. This result indicates that
at zero level of experience the novice drivers were very
cautious when applying the vehicle's brakes.

Because of the increases of deceleration with trials,
significance tests between the novice and experienced groups
were made using only the training level 3 data for the novice
group. For the Stop-Sign-~1l task the novice drivers had
'significanﬁly lower deceleration rates than the experienced
group (p < .086 Mann-Whitney U Test). The greater decelera-
tion rate of the experienced group on the Stop-Sign-2 task
approached significance (p < .129).

Another statistic of impoftance during vehicle decelera-
tion is maximum lateral acceleration. This is shovwn in
Figure 30 for the novice and experienced groups. Considering
the novice drivers' data, the decrease over training levels
for the Approach-to~Traffic-Light Task was the only signifi-
cant effect (p < .01). This may be due to the novice drivers
being'somewhat nervous about the fraffic sigha} as shown by
their.numerous foveal fixations to-check its status.

Using the data at training level 3 for comparisons
between the novice and éxperienced drivers, there were no
significant differences between groups for the maximum later-

al acceleration statistiec. It appears that maximum lateral
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acceleration during deceleration maneuvers is not a good

discriminator between novice and experienced drivers.,

Control Behavior During the Neighborhood Turning Tasks

Two of the neighborhoéd turning tasks after coming to
a complete stop, numbers 6 and 9; were right and left turns,
respectively. The other two tasks, numbers 7 and 8, were
continuwous right and left turns, respectively. For each run
the maximum lateral acceleration and its.corre5ponding
velocity value were found. Analyses of Variance and Mann-
Whithey U Tests on that data indicated no significant effects
over training levels, and no significant differences hetween
the novice and experienced groups.

Another measure of driver performance on curves has been
illustrated by Herrin (1970). -This measure was‘designated
"effective curvature”, and is dependent upon lateral accel-~
eration, vehicle velocity, and the vehicle understeer
coefficient, K. Using the relationship that:

A= MV2 + b where

maximum lateral acceleration,

V = velocity associated with maximum lateral
acceleration, and

M= (14+K)(11.67 x 10~6 ¢)

The effective curvature C can be found if M is known, since
a derived value for K is about .2 as shown by Herrin.
By groups and for each of the four neighborhood turning

tasks a straight line was fitted to a plot of maximum lateral
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acceleration versus velocity squared. The slope of this line
was the value of M, and thus permitted the calculation of C,
effective curvature. In Table.7 are values of effective

curvatures for the turning tasks.

Experienced Novice

Tasks G?oup Group

#6 Right Turn From Stop 25.0 52.8
#7 Continuous Right Turn 84.3 - ol .3
#8 Continuous Left Turn - 31.4 67.1
#9 Left Turn From Stop 1047 25.7

Table 7. Effective Curvature by Turning Tasks and Groups
(degrees) '

For all the turning tasks the effective curvature of
the experienced group was always less than that of the novice
group. This indicates that the experienced drivers *cut”
the corners more than the novice drivers., For the
Continuous-Right-Turn, note that the magnitude of the differ-
ence between the groups was small, This was due to the
environmental constraint of avoidiﬁg vehicles that may have
been coming from the direction into which the subject's

vehicle was turning.

Control Behavior During the Freeway Driving Tasks

There were six freeway driving tasks, but for the
purpose of analyzing the control data they were divided into

four. Tasks 16, 11, 12 were combined as one unit due to the
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small number of.data points that were sometimes associated
with Tasks 10 and 12, The new unit will be called the lane
chaﬁge task, #16. Vehicle velocity was of importance to the
drivers, because of instructions given to the subjects
(maintain about 70 m.p.h.), and due to the danger of travel-
ing too fast on the freeway. Therefore, one of the statis~
tics analyzed was average velocity. Another statistic that
was investigated was the standard deviation of lateral accel-
eration. This was chosen because of the large number of eye
fixations and eye pursuit movements made to obtain lateral
position information by the novice drivers. Due to recorder
) difficulties no control data werecollected for two of the
novice drivers.

In Figure 31, average velocity is presénted Tor each of
the four freeway driving tasks by novice and experienced
groups. Although the novice drivers showed a trend toward
increasing velocity for all tasks, this was not statistically
significant. Therefore, ftests for differences betwecen the
nbviceland experienced groups were made using the training
level 3 data of the novice drivers} Here the novice group
had significantly higher (p < .10) average vehicle velocity
for the Traveling-ln-Right;Lane and . Freeway Deceleration
Tasks. Clearly, the novice drivers were no longer fearful of
traveling a little too fast on the freeway.

In Pigure 32 is the Average Standard Deviation of Later-

al Acceleration for the novice and experienced groups. Again,
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analysis of variance indicated no significant differences in
the novice drivers' data due to training levels. Hence,
training level 3 data was used for comparisons between the
novice and experienced groups. In the Freeway Deceleration
Task the higher variance in the lateéral acceleration of the
novice group was significant (p < .05).. Also, for the Car-
Ahead-Freeway Task (#14 ) the novice group had higher vari-
ance of lateral acceleration than the experienced group

(p < .10).



CHAPTER VIII
DISCUSSION

Summary of Results

Neighborhood Driving.

Differences between the ﬁévice and experienced groups

for the neighborhood tasks are summarized in Table 8. A
large portion of the differences in activity are related to
~ the differences in ranges of horizontal fixations( The

experienced drivers had a mean horizontal range of 26?,
" while at training level 3 the novice drivers averaged only
12°, The smaller range of scanning found for the novicé
group is similar to a result reported for drivers under the.
influence of aleohol by Belt (1970). Belt found that a
Concentration Index (the amount of eye Tixation time spent
in the most populous 3° x 3° grid block) increased as the
drivers' blood alcohol level increased. Mackworth and Bruner
(1970), in a study comparing the scanning of adults and
children, found that the children's search and scan patterns
lacked adequate coverage of the display. In the same manner
it appears that noﬁice drivers lack adequate coverage of the
,’neighborhood visual scehe. |
Table 8 also indicaztes differences in the medians of

horizontal and vertical fixation lecations. For the novice
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Table 8,

Summary of Neighborhood

Results Between Novice and Experienced Groups

Stop tov Traffic Avpproach Approach
Sien-1 Sign-2 Light - 3 Left Turn - & Right furn - 5
Eye Travel Less for —— Less for Less for ——
Distance/sec Novice Novice Novice
Range of Less for _— —— Less for Less for Novice
Horiz Fixations Novice Novice
Range of —e e e e —_—
Vert. Fixations
Fixation — — _—— ——— ——

puration

liedian of Horiz
Locations

Novice looked more to

right (ist half)

Novice looked

more to right

Novice looked more
to right (2nd half)

Median of Vert.

Novice looked lower

Novice looked

Locations (2nd half) lower

Mirror Novice drivers sampled mirrors less freguently.

Sampling

Speedometer Novice checked while braking. Experienced checked while traveling near
Checks the speed limit.

Deceleration Rate

Lower for Novice

Haximum Lateral
Acceleration

slink Rate

Turning Corr.zrs

Novice drivers made sharper turns than the

experienced drivers.

001
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group at training level 3, the central direction of gaze was
1.5 degrees lower and 4 degrees further to the right than
that of the experienced group. It appears that this loca-
tion was due to the novice drivers' frequent sampling of the
curb in order to verify and/or estimate vehicle lane align-
ment., | '

In a study of driviﬁg fatigue Kaluger and Smith (1970)
also found that drivers looked more to the right and closer
in front of the vehicle. This occurred after several hours
of driving. The compensating strategy of fatigued drivers
appears to be a regression toward the visual scan behavior

of novice drivers in neighborhoods.,

Freeway Driving

A summary of freeway results between the novice and
experienced group is presented in Table 9, Here the differ-
ences inactivity relate to'fixation duration, the range of
vertical fixation locations, and the range of horizontal
locations. Over all freéway tasks, the experienced drivers
had a mean horizontal range of 420, while at training level
3 the novice drivers' horizontal range averaged only 16°.
In addition to the horizontal range effect, theé two freeway
lane change tasks also had differences in vertical ranges.
There the experienced drivérs range was 99 while the novice
drivers' range averaged 5.5° at training level 3, These

findings support Zell's (1970) result that even after several



Table 9. Summary of Freeway Results

Between Novice and Experienced Groups

10 11 12 13
Change to Left In Left Change to Right In Right

Eye Travel Less for Novice Less for Less for Novice ———
Distance/sec Novice
Range of - Less for Novice Less for Less for Novice ——-
Horiz Locations Novice
Range of : .
Vert Locations |L-€Ss for Novice T - -
Median of —_—— _—— — —
Horiz Locations
lMedian of . —_—— £ TS —e
Vert Locations Lower for Novlice
Fixation Greater for Novice Less for - -—
Duration : Novice
Mirror Novice sampled 1 frequently.
Sanpling Novi amp ess equently
Speedometer ‘ - £ '
Checks Novice sampled more frequently.
Pursult Eye Five of the six novice drivers made tracking eye
Movements movements -- none of the experienced did.

lMean Vehicle
Velocity

Novice faster for task 13 and when

decelerating.

Variance of
Lateral Accel.

More for novice -driverson freeway
car~following znd deceleration tasks.

201
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months of driving experience novice drivers scanned the
surrounding visual field less frequently than experienced
drivers., |
| The novice drivers also had # lower median of vertical
Tixation locations ‘than the experienced drivers on the change
to right lane task. This in conjunction with the smaller
range of vertical fixation locationé suggests that the novice
drivers had an urgent need to know the yehicle's heading with
respect to the road when changing lanes.  These résults
supﬁort the recent finding of Bhise (1971) that drivers who
have been deprived of visual input sample lane markings
foveally because of the urgent need for such information.,

The finding of only one difference in-medians of hori-
zontal and vertical fixation_locations for the freeway tasks
(Table- 9) contrasts markedly with the result for the
neighborhood tasks. Some novice drivers did, however,
display a compensating behavidr, that of eye tracking
movements, in order to increase their in-take of visual
information while traveling at 70 m.p}hs In Kaluger and
Smith's study both the duration and frequenc& of pursuit’
movements increased with amount of sleep deprivation. ﬁaluger
and Smith also reanalyzed Zell's data and found that novice
-drivers also made pursuit eye movements. Becazuse of the
" motion of the vehicle, pursuit eye movements are related to
how close the driver is foveally sampling in front of the

car. Thus pursuit eye movements on the lane markings
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may indicate the most critical times at which a driver is
concerned with the vehicle's lane position and direction of

travel.,

Summary QOver Training Levels

Table 10 is a summary of thé results found over training
levels for the novice group., The finding of decreases in
travel distance per second with increased driver education
and behind the wheel experience was most gsurprising. Driver
education texts usually stress the searcﬁing for critical
events, and The Smith System of Driving (1958) advocates
that a driver should keep his eyes moving. Yet at training
level 1 for the neighborhood tasks the ﬁovice drivers had an
average horizontal range of 28° while at tfaining level 3
three range was only 12°. The -corresponding figures for
freeway driving were 24° and 16°. Accompanying the decrease
in horizontal range for the freeway lane changing tasks was
an increase in mean fixation duration (.25 sec. to .37 sec.).
This suggests trying to ébstract more information while
changing lanes, For the néighborhood decelerations just
prior to the execution of turns, theré was a decrease in mean
vertical range over training levels. Taken together, the
decreases in horizontal and vertical ranges, and the increases
in fixation durations indicate that at training level 3 the
novice dri&ers had learned where to look for vehicle control
information, gnd were spending a gbéd deal of their time

abstracting such information. This large amount of attention



Table 10

Summary of Results Over Training. Levels

for the Novice Group

Nelzhbhorhood Tagks .
2 3 14 5

Freaway Tasks
10 11 - 12

13

' Eye Travel
Distance/Sec

decr.,

decr, - - decr. -

o - decr.

Range of Horiz
Locations

decr,

decr., decr. decr., -

Range of Vert
Locations

Lower
at tr. - decr, decr.,

level 2

Fixation
Duration

Medians of Horiz
& Vert Locations

Mirror Glance
Duration

Speedometer Glance
Duration

Increased

A

Increased

Pursuit Eye
Movements

Decreased

Eye Blink Rate

Decreased

Inhibited at Tr. Level 1

Deceleration Rate

incr.

incr. iner. incr.

Max, Lateral
Acceleration

decr.

Vehicle Velocity

Trend toward faster

GoT
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being paid to visual cues that aid in vehicle control may be
responsible Tfor their being no significant differences in
vehicle lateral deceleration on may of the driving tasks.

At the same time it creates a search and scan pattern that
appears to be unsafe in terms of its ability to detect
critical events.

It is generally recognized that the initial stage in the
development of search and scan patteinsis the isolation of
informative areas (Zinchenko et.al. 1963)., Clearly the
novice drivers had isolated what areas to search by training
level 3. The second stage in the development of scan
patterns, that of recognition is linked to decreases in fixa-
ation duration since the information contained in the objects
becomes more redundant with practice.:

However, in the driving environmenf, the scene is
constantly changing and the recognition of invariant cues
that are redundant appears to be a difficult task for the
novice to learn.

The relationship of mirror fixations to the novice
drivers narrow zone of scanning is simple. They regarded
" mirror checking as non-essential, Possibly because it inter-
fered with their monitoring of vehicle lane position. The
amount of mirror sampling as a measure of driving skill has
been suggested by Quenault (1969). He found that mirror
usage was the best discriminator between a group of drivers
convicted of careless driving and a control group. The
present study indicates that the number of mirror glances is

. a good discriminator between novice and experienced drivers.,

Comparlsons Between Individuzal Novice Drivers
and the Experienced Group

In Table 11 differences among the novice drivers are



Table 1li. Differences Between the Experienced Group's Averége Performance

and Individual Novice Drivers.

. Trial 1-
Neighborhood Trial 3- Freeway
Grade of Rating of Neighborhood Neighborhood j{Median of Freeway Number of
Control Control Skill Eye Travel Mean Horizontal  Number of Tracking
Novice Performance by - Distance Fixation Fixation Mirror Eye
Drivers (@river Ed Course) Experimenter Per Second Duration Location Fixations Movements
A B L =10 -.13 0.0 -9 +18
B B 5. =10 +,03 +5.0 -7 + 7
c B 1 0 -.15 +0.5 -5 0
D C ? - l i} 06 +5.3 -12 + ’-I-
F C 6 -12 +.24 +6.9 -9 +10
Special B 2 -2 -.10 +14,0 + 4 0

L0T
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presented in relationship to the average performance of the
experienced group for several selected measures, A plus
indicates that the novice driver was above the mean of the
experienced drivers and a minus below the mean. Alsc shown
is the grade given by their driver education instructor for
their control performance at the end of the course. The
ranking of the experimenter was for the driving performance
at training level 3.

While driving on the freeway at training level 3 all the
novice drivers, except the one given special instruction,
sampled their mirrors less frequently than the average of the
experienced group, At training level 1 all the novice drivers,
except Driver C and the special driver, displayed tracking eye
movements while freeway driving.

On the neighborhood tasks only novice -Drivers A and C
had aboul the same median of horizontal fixation location as
the experienced group. It is interesting to no%e that they
both had faster sampling rates than the experienced group.

Novice Driver C also was given the best rating of control
skill by the experimenter. Novice Drivers B and E both
sampled at the same rate as the experienced drivers, but
looked further to the right and had less overall visual
activity. Novice Driver D who only differed from the experi-
enced group in median of horizontal fixation locations was
rated the poorest in terms of control skill by the experi-

menter. Novice Driver F sampled at a much slower rate than
the experienced group and the other novice drivers. He also
sampled the furthest to the right and was given a grade of C

for his control performance by his driver education instructor.
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Clearly the neighborhood driving tasks permitted a wide
range of visual sampling strategies for the novice drivers.
In fhe niext section lthe general strategy of how the experi-

enced drivers acquired visual information is discussed.

Strategies of Information Pick-Up

Three characteristics of the visual patterns of the
experienced drivers, 1) wide ééanning.in the horizontal
direction, 2) fixations far ahead of the vehicle, and 3) many
mirror Tixations, suggest thalt tThey are actively seeking a
large amount of information. Gibson (1966) has proposed a

theory of information pick-up and suggested that drivers use
" their perceptual systems to hunt information until they
achieve clarity. Since an automobile is constantly moving
through a continuous stream of information, the driver only
echieves clarity for short periods of time., He must at
frequent intervals sample new information to re-establish the
relationship between., the vehicle and the roadway. This
could account for the experienced drivers relatively active
search and scan behavior,

The large differences between the novice (at training
level 3) and the experienced drivers search patterns suggest
that the novice drivers vere inefficient in their pick-up of
;information. This may Be partially accounted for by the
novice drivers being unskilled as to the acquisition of non-
verbal material. Arnheim (1970) deplores this "pictorial

illiteracy* in adults and suggests it is because of a lack of
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formal training in how to examine visual displays. However,
beginning with the first'grade. and continuing through the
education process, the student is taught and encouraged to
read verbal material quickly and efficiently. Thus, the
inexperienced driver can be considered to be unprepared to
perform the task of searching for pictorial information that
controlling a vehicle demandﬁ.

The changes in the novice drivers visual search strate-
gies over time indicate that they are trying 1o achieve some
degree of clarity in their sampling of the environment. 1In
Figure 1 (page 15) it was noted that the initial familiariza~
tion phase of skill acquisition (Fitts and Poéner. 1967) is
characterized by active exploration to discover the relevant
sources of information. This appears to be the same strategy
that the novice drivers used wﬁen tested at training level 1.
The second stage in Figure 1, that of recognition, is charac-
terized by a detailed examination of selected sources of
iﬁformation. This was reflected in the novice drivers eye
patterns becdming quite compact when tested at training
levels 2 and 3. At the end of their driver edupation
training, the low activity level of the novice grivers-gearch
patterns indicate théy had not yet advanced to the third
stage of learning, where much of the visual information
becomes redundant and is largely ignored,

Thus, learning to visually sample the driving environ-

ment is characterized by a long rec&gnitién_stage as compared
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to other skill iearning. This may be due to several factors,
one being that the many different types of information that
2 driver must sample are only available for brief periodé
due to the motion of the vehicle, Thus, a driver musl make
many fixations on a stimulus pattern, at discontinuous points
in time in order to learn what features of it are redundant.
Another factor may be that the novice drivers' primary task
appeared to be maintaining of control over the vehicle, and
the psychomotor feedﬁacks loops of relating vehicle changes
in direcfion and velocity with gontrol movements may take
more tiﬁe to develop into perceptual reflexive responses
than is generally realized. ,A_third explanation is that the
long recognition stage may be due to the complex interaction
between foveal and peripheral vision that is demanded by
automobile driving. As previously mentioned a novice driver
samples foveally a lot of information that the experienced
driver obtains through peripheral vision. Thus novice
drivers must learn to recognize objects and relationships
with péfipheral vision. Unfortunately little is known about

how long it takes to learn to use peripheral vision.

A Model of the Driving Task with

Recommendations for Future Research

In Figure 33 is a‘model of the driving task. A driver's
congnitive behavior can .be described in terms of perceptual
capabilities, internal perceptual models, and executive

control habits. The perceptual capabilities of drivers have
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been studied by researchers for several years. Rockwell and
Snider (1965) have done extensive research on the psycho-
physical capabilities of drivers. Burg (1971) has reported
the dynamic visual acuity and its felationship to automobile
driving for over 17,000 drivers. Speed of information
processing for drivers has not been reséarohed per se but
may be related to fixation duration. The internal perceptual
models may be aggregates of data about objects (CGregory, 1970
and/br representations of experience which preserve temporal
and spatial relations (Kagan, 1970). These models are
formed and revised by information from many sensory modali-
ties, although while driving,vision is the primary source of
infTormation. The executive control habits' provide connec-
tions and interfaces belween current perceptual.processing
and overall goals of the automabile driver, i.e., driving
safely and arriving at the proper destination.

The road scene, which the driver monitors by visual

- sampling, is composed of'highwéy geometry features and the
driver's vehicle (Figure 33). Based on information obtained
from visually sampling the road scene and the driver's cogni-
tive processes, a decision is made as to when‘gnd what contral
actions to take. The driver receives feedback of his actions
through‘visual and proprioceptive cues. Two other feedback
loops which are due to visually sampling the road scene ahead
provide information that may be used to construct and modify

the driver's internal perceptual médels and executive control
habits. '



DRIVER'S COGNITIVE BEHAVIOR

Perceptual 1. Psychophysical
Capabilities| 2, Peripheral Aculty
) 3. Speed of Inforna-

tion Processing

Internal " 1. Modeis of Objects
Perceptual ' {(roadsigns, vehi-

cles, traffic
signals, etc.)

2. Model for Maintain-
ing Lateral Lane
Position

3. Model to Sense
Vehicle Velocity

.Models

A, Visual
Sampling

ROAD SCENE

v

4, Models of Vehicle
Maneuvers (stopping
turning, passing,
EtCo)

T

D. Feedback to

Modify Model

Highway Geometry & Miscellaneous

1. Curvature

2. Number of Lanes
3. Road Signs

+» Lane Markings
5. Other Traffic

6. Weather Conditions

7. Pedestirians

8. Scenery (mountains, rivers,

ete. )

Driver's Vehicle

Executive 1.
Control

Habits

Integration and
Overall Control of
Visual Scan Pattern
2. Control- of Vehicle
{braking, steering,
accelerating) to
perform maneuvers
3. Combining of Maneu-
vers to reach Point B
from Point A

i)

E. Feedback to

Modify Habits

1. Direction of Travel and

Position in Lane
2. Veloecity

3. Relation to Other

Vehicles

N

B, Decislon
to Take
Action

v
DRIVER
CONTROL
ACTIONS

1. Steering

2. Braking

3. Operating
the Gas

Pedal

Figure 33.

A Model of the Driving Task

C+ Feedback
of Action
(Visual &
Proprio-
ceptive)

81T



1L

By analyzing records of driver's visua; scan patterns,
inferences are made as to the types of executive control
habits and internal perceptual models thal drivers have.
However, during.any given eye fixation the driver may be
attending to objects on the foveal part of the retina and/or
objects on the peripheral part of the retina, or not attend-
ing at all., Hence a critical research need is to study the
relationships between peripheral and foveal vision in connec-
tion with whether the driver is attending to the visual
inpﬁts. A measure of the amount of attention and its varia-
tions over time would be.a very valuable tool for determining
the visual skill of automobile drivers. Pribram (1969) has
reported that a recently discovered brainwave, called
Contingent Negative Variation, is an indication_that the
organism is preparing to respoﬁd and thus correlates with
attention. The recording of éuch brainwaves in conjunction
with eye movements should lead to new insigﬁts into the
workings of the process called attention.

An experiment that offers more limmediate pay off than
the examining of physiological measures in conjunction with
search and scan patterns is the recording of ‘drivers' eye
movements over a longer period of time than in.the preéent
study. This would provide evidence as to when drivers begin
to use theif mirrors more frequently and start to shift their
visual patterns upward and straight ahead of the vehicle.

Another obvious need is to study the visual scan
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patterns of novice female drivers and novice older drivers.
More attention should also be given to the relationships
between head movements and eye movements while driving. In
addition the head movements of drivers should be recorded
with and without the stabilization unit on the head of thé
driver. This would reveal whether the wearing of the equip-
ment has any effect on the number and magnitudes of head
movements, Eye movement research especially aimed at provid-
ing inputs for teaching driver education is also needed and.

is discussed in the next section.

Implications for Driver FEducation

The data clearly indicates that at the end of their
driver education coursc the novice driveré (with the possible
exception of Driver C) did not have search and scan patterns
that were adequate for the monitoring of loﬁ probability
events. This was shown by small ranges of horizontal fixa-
tion locations, sampling close in front and to the right of
the vehicle, and infrequent mirror glances, Such search and
scan patterns suggest that the novice drivers considered the
vehicle's immediate lateral and longitudinal control to be of
primary importance and ignofed most other information,

However, having noviée drivers on public roads with
such compact and unsafe search and scan patterns may be
unnécessary.. It is possible to train novice drivers in
control and perceptual skills before driving in real traffic
and hence, to reduce the probability of their being in acci-
dents. An outline of a training program designed to accom-
plish this should include the following:

1) +teaching of basic control skills,
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2) practicing and overlearning of basic control
' skills,

3) training to develop internal perceptual models
(see Figure 33),

4) +training to develop executive control habits
(see Figure 33), and

5) driving on public roads.,

The basic control skills of starting, accelerating,
braking, turning, and backing-ére presently being taught in
most driver education courses. A standardized test of these
driving fundamentals has recently been developed by McKnight
(19715. Most schools have parking lots that are adequate forx
this type of training.

The praéticing of the basic control skills should be
done in an areé clpsed to other traffic, While driving at
speeds of 25 m.p.h. beginning drivers need to have enough
praétice so that their control actions associated with
turning corners, decelerating, and maintaining proper lane
'position become automatic reflexive behaviors. Once drivers
are competent in vehicle handling and control then training
of their search and scan patterns may begin.

The development of internal perceptual models could be
“accomplished by presenting . motion pictures at varying frame
rates and for incréasingly brief time periods (from about 5
~to 1 seconds) and haviﬁg students report what they say. Such
a procedure would give the novice drivers practice in picking
up information at the fast rates that many dfiving situations

demand., In fact, a series of films showing many driving



117
tasks and situations are needed 1o develop adeguate and
complete pérceptuél models.

Beginning drivers alsé need practice in devéloping the
executive control skill that is responsible for their overall
visual scan patterns. Here films showing how experienced
drivers' search and scan various driving situations would
give them knowledge of what constitutes good visual scan
habits, Practice in looking far ahead of the vehicle,
scanning wide in the horizontal direction and sampling the
vehicle's mirrors could then follow., It would be valuable
if a test could be developed (possibly using a driver siﬁulam
tor) to indicate whether novice driver$ are ready 1o begin |
driving on public roads. Another function of this test would
be to specify possible amounts and types of remedial
training.

As shovn in Figure 33, the controlling of aﬁ automobile
involves much cognitive behavior and visual sampling but only
a few control actions. The small number of control actions
has caused many people to regard learning to drive as a
simple and quickly learned task, This study, however, indi-
cates that acquisition of good driving skill requires a great
amount of vispal perceptual training. The task of sampling a
moving visual environment and simultaneously controlling the

vehicle was shown to be very difficult for the novice driver.



- APPENDIX A
GLOSSARY OF TERMS

alpha rhythms -~ found in the normal adult brain when he is
awake and relaxed, They have a frequency of ten
to twelve cycles per second.

drift -- the tendency of the eye to move away from the
fixatlion point.

eye fixation -- when the eyes appear to be stationary.
Actually both drift and tremor occur during
fixaltion periods. :

fovea -- the central region of the retina (from 1° to 29)
where visual aculty is the greatest.

focus of expansion -- the point in a moving three dimension-
al field that appears to be stationary.

pursuit eye movements -~ slow involuntary tracking movements
which follow moving objects, They do not appear in
the absence of moving objects.

retina -~ a part of the eye that houses the light-sensitive
rod and cone cells that convert light 1nto electri-
cal pulses,

saccadic eye movements (involuntary) -- movements of less

: than 10 in amplitude which tend to compensate for
the eye drift during fixation periods.

saccadic eye movements (voluntary) -- the jumps by which we
move our eyes from one fixation place to another.
Normally both eyes move together.

tremor -- high freguency low amplitude 1nvoluntary eye
motion.

visual acuity -- the ability of the eye to resolve detail.
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APPENDIX B

VISUAL CHARACTERISTICS OF SUBJECTS

Table 12

Results of Experienced Drivers' Eye Examinations

W X Y 4
VYisual Acuity {(far) :
Left 20/18 20/18 20/15  20/20
Right 20/18 20/22 20/18 20/18
. Both 20/18 20/22 20/15 20/18
Visual Acuity (near) ' |
' Left 20/18 20/15 20/15 20/15
Right 20/18 20/15 20/15 20/15
Both 20/18 20/1.5 20/15 20/15
Depth Perception N N N N
Color Vision N N N N
Vertical Phoria N N N N
Lateral Phoria N N N N

N = normal
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Table 13

Results of Novice Drivers' Eye Examinations
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A ‘B . C D E F Special
Visual
Acuity
(far) .
Left 20/15 20/22 20/25 20/20 20/20 20/18 20/20
Right 20/15 20/18 20/1.8 20/25 20/18 20/15 20/18
Both 20/15 20/20 20/20 20/20 20/15 20/15 20/20
Visugl
Acuity
(near) _
Teft 20/15 20/20 20/15 20/15 20/18 20/18 20/20
Right 20/15 20/22 20/15 20/15 20/18 20/20 20/22
Both 20/15 20/20 20/20 20/15 20/18 20/15 20/18
Depth >
Perception N E N N N N N
Color N’ N N N N N N
Vision
Vertical '
Proria N N N N N N N
Lateral
Phoria N N N N N N N
N = normal E = excellent




- APPENDIX C
- MODELS AND ASSUMPTIONS OF STATISTICAL TESTS

Analysis of Variance

Two factors, training levels and task sections, were
considered to be fixed. This'implies that inferences may
only be made for the particular levels of the factors admin-
istered. A third factor, subjects, was considered to be
random. For random effects inférences may be madg for the
entire population. However, because of the small sample size
l in the present experiment one should use caution in doing
this. Every novice driver was tested onlyonce in every
experimental condition. Hence, the design may be considered
to be a mixed model without replication.

Let A, B, and S represent the factors, training levels,
task divisions, and subjects,_respectively. Consider aj
equal to the i®h level of A, bj equal to the jtI level of B

and sy equal to the kth level of S. Each observed score,

X may then be represented by the following linear model:

ijk’
= Ut A F Bty Bt B, Y kALY .
Kjjp=utag+Bityy alﬁa B(J)Yk %5y Yk a(l)s(j)vk
~where u = the grand meaﬁ of all the different treatment
combinations and ¢, B, and y-are effectsof sizes 3, 2, and 6 from

their respective treatment populations.
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In Table 14 are the expected mean squares for the

sources of variance.

Table 14

Expected Mean Squares -~ Novice Drivers
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Source

Expected Mean Sqguares

Subjects (S)
Training Levels (A)

Task Divisions (B)

2
36 Q< + Qg

2

12 Qi + 6 Qis + Q2

2 4.z A2 2
18 QB + 6 QBS + QE

2 2
AS 6 Qhs + A
2 2
BS 6 QBS + QE'
2 2 2
AB O Yt Qs t O
2 2
ABS +
QABS QE
The following F ratios were constructed:
1. MS, o, WS 3. MSAB
MSas MSps NSy ps
Then, if one is willing to assume that Q2

near zerc the following additional tests could be made:

ABS

1. MSs 2, MSas 3, MSpg
MSBs MS,ps MSBs

The above analysis of variance model includes the

assumptions listed below:

is equal to- or
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1. Numerator and denominator of any F ratio is inde-
pendent. This is true if scores are randonly
samﬁled from a normal population.

2, Errors e;j are normally distributed for each
treatment p0pulation. This is equivalent to the
assumption of normally distributed scores.

3. Errors €5 ] have constant variance for each i,
combination.

L, Each score is the sum of the effects in the linear
model.

Because of the large number of analyses of variance
computed and the F distribution teing little effected with
balanced cells by lack of normality and heterogeneity of
variance (Kirk, 1968}, no effort other than a cursory
viewing of the data was made to.see if the above assumptions
vere met in the data analyzed.

The same type model was used to analyze the experienced
drivers' data with the exceptions that factor A was now

called run and had only two levels, and factor S had only

four levels.

The Mann-Whitney U Test

This test was used to determine significant differences
 between the groups of novice and experienced drivers, Its
assumptioné are that at least ordinal measurement has been
achieved, and that the groups tests are independent. Both

these assumptions were met in all Mann-Whitney U Tests that
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were made. This is one of the most powerful non-paranmetric
tests and its power efficiencytis close to 95 percent for
moderate-sized samples (Siegel, 1956). It was selected to
avoid making the assumption that the population variances are

homogeneous as required by the T test,



APPENDIX D
ANALYSIS OI' VARIANCE TABLES

Codes
For all tables pertaining to the novice drivers the
sources of variation are coded as follows:
1 = Subjects,
2 = Training Levels,
3 = Task Sections, and

Residual = Subjects x Training Levels x Task Sections.

For the experienced drivers' analyses, the only change was
that source of variance number 2 was equated with runs.

None of the freeway data was divided into Task Sections,
hence source of variation number 3 is omitted in the freewvay
ANOVA (analysis of variance) tables.

Tables are presented for only the average travel distanc
distance per second measure. The analysis of variance tables
for all the other statistics and tables of individual data
points are on file at the Systems Research Group, Department

of Industrial Engineering, The Ohio State University.
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Table 15
ANOVA ~ Average Travel Distance Per Second

Novice Drivers - Task 1

Y

" SODURCE OF ~ DEGREES OF SUMS OF MEAN
_.VARIATION . FREEDOM.. . _ __ _ _SQUARES . ___ . SQUARES __

1 5 1593.19976 _ 318.63989
L2 2 e 1130044506 565.22241.
3 1 | 273.79148 273.79126
U SR ) (R oo 1246071975 154467197
13 5 109. 03166 21.80632
R e B %02.08163 .231.04082_
RESIDUAL 10 440,14063 44,01405
LYOTAL 380 L. .8555.40234

Table 16
ANOVA - Average Travel Distance Per Second

Novice Drivers - Task 2

TSOURCE OF T DEGREES OF T TTsuMs OF T TTTTTTTTTMEANT T
CVAREATION . FREEDOM _ . _ . .SQUARES = SQUARES.

A s e - e

1714.69006 342.93799

. _7155.50562 . 377.75269
35,60095 35, 60095

. 1062,76436 __ __ 106.27643
13 1006.31614 201.26321
23 e .._334.38446__ .. 167,19223
RESTDUAL , 10 1144.71094 11447108
JJOTAL . L35 .. 6053,96875

1 5

S Y

3 - 1
. V- : : 10 . ...

5

2




_Table 17
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ANOVA - Average Travel Distance Per Second

Novice Drivers - Task 3

T'SDURCE OF  DEGREES OF =
U VARIATION ... _FREEDOM _ _  _ __

b o o o e AL o g e s Sk % % © An it s e ey 7k R e o —————— e a b1 a———

1
|

Rl
Jl2

13
L N

I“

|
|
;
|
|

T TSUNSTOF
~SQUARES._

 MEAN
. —-...SQUARES. .

999.66805
14.90162_
144. 39993

e 54%,30174

350.07114
e %0 11066

RESIDUAL
JT0YAL . L

NMON MO W

AW e

]
|
I
t
]
i
i

Table 18

"738.78931

... 8196.24194

199.93361
~...1+45081
144. 39992
—.2%4430106
70.01422
~.2205333
73.87892

ANOVA - Average Travel Distance Per Second

Novice Drivers - Task &4

'SOURCE OF  DEGREES OF
VARTATION . FREEDOM __

T SUNMS OF
— . SQUARES ____ ... ..

T MEAN
- SQUARES.

1 4 ©1581,30050 .
@ e e R e D3T0.31216
3 1 103.41608 |
A2 8B 111, %0446
13 4 1243.19435
23 — e 114028026
RES [DUAL 8 750.'68750
e 89 6041.69141

JOTAL L 2

395,.,32495 .
__26B.65601
103.41608
..138.93805
310,79858"°
-357.13989.,
93.83594
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Table 19
ANOVA - Average Travel Distance Per Second

Novice brivers - Task 5

SOURCE OF 7 DEGREES OF T SuMs eF T TREAN T
VARIATION = . FREEDOM __ . .SQUARES . _SQUARES _ _

1
. U
-3

134,13799 26, B2759
e .. 1221002301 . __610.51147.
T 25.84027 25,.84026
A2 L e 2103146568 103,14656
13 442.01067 88.40213
23 e - e BOT3. 16375 336,88184

RESIDUAL 10 T 1066.63428 " 106.66342
TOTAL 35 _ . 4594.87500 ..

1

1

[ H
MNWMO =N

Table 20
ANOVA -~ Average Travel Distance Per Second

Novice Drivers - Task 10

A r e s i mart e = b mArarirmr o e e a5 tash bR AR A LAE A Te aeman o AR MRl e et . AN ARl VRO 4 el IS Af R G s sk T e T weewow S rehrmmerhd Sms e e e

SOULRCE OF . _CEGREES OF = _ . SUMS OF ... MEAN
" VARIATICN FREECCH SQUARES SQUARES

o o .551.62434________ 110.22486
RESIBUAL _ . ' & . B06,66235 _____ 101.13246.

TR PR T L L SR R

TOTAL 11 ' 120£. 45654
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Table 21
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ANOVA - Average Travel Distance Per Second

'TOTAL

B

Nov1ce DererS - Task 11

a o e——— - e ——tde—m e

_SOLRCE OF ~_~ DEGREES OF _~  SUMS OF . KEAN
"VARIATICN FREECOM SQUARES SQUARES
1. _ 5 . 596,35820 . . 119.87163
2 1 12.68E10 32.6E509
RE SIDUAL - . 15,16748 15033350
TOTAL 11 TC7.21C65
Table 22
ANOVA - Average Travel Distance Per Second
Novice Drivers - Task 12

SOURCE CF ~ LECREES OF ~ ) SUMS OF MEAN
VAR[AT]UN FREEDCM " SCUARES 'SQUARES

B ... 27C.53893____ __ __ 54,10117.
2 1 265,16564 285.19556
_RESIDUAL _ - ) e 270, 67565 34,1353
TOTAL 11 126.41406
Table 23
ANOVA - Average Travel Distance Per Second
Novice Drivers - Task 13
| SUURCE OF WDEGREES 0f SUMS OF  PEAN
VARIATILN FREEECM : SQUARES SQUARES
4:.. e b et ar e mmme ma e s em v e - - — e - b e e v L e E—————. - = tme b T w  emamiem s e e Wk TR s oa s e o
B 5 1036, 18602  207.22720
2 7 " 1 6.82220 6.52220
tRESIDUAL 5 221.40186_ _45.48C36
11 1270. 10962
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Table 24
© ANOVA - Average Travel Distance Per Second

Experienced Drivers - Task 1

SUMS OF
_SQUARES

CMEAN
~...SQUARES

"SOURCE OF ~ DEGREES OF
NVARIATION .  _ . __ . FREEDOM _ __ . .

1
2
3
12 .
13
B
RES IDUAL
JOTAL

689,73676 229,91225
_ 216482544 . 216.82544%
192.51572 192.51572
16040491101 534,B3032.
583.68193 194. 560064
. 41.82599  11.82599
1177.91577 392.63843
. %536.99219 :

w

i
1

— 0 Y

- b
iUIbJ

Table 25
ANOVA ~ Average Travel Distance Per Second

Experienced Drivers - Task 2

T suMs oF T T THEAN
.__SQUARES ' SQUARES .

"SOURCE OF ' DEGREES OF
_VARIATION. . FREEDOM __

1
2
3
2
13
23 .
RES IDUAL
LTOTAL

— ar——

330, 99622 110.33206
-- ._...5 0-76 542 JE ....._,5‘0_0 7 6 5 ’fl
105.57532 105.,57532
....312.82733 . 10%4.27577.
714.16694% 238.,05563
40.00577 40.00577.
294,85547 98.28516.

e 1849.19165

'
]
1

' o :
T U0 e W) =

|
]
t
1
]
3
i
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Table 26
ANOVA - Average Travel Distance Per Second

Experienced Drivers - Task 3

[ e et s e e manee ——

SUMS OF MEAN
__SQUARES__ . . SQUARES_ _

"SOURCE DF  DEGREES OF
VARIATION . FREEDOM __

559.36732 186. 45576

e e 107070239 167.70239
545.22168 545,22168
0262766 _ . ... 24.20921
655.62707 218,54234
. B10 60246 . 41. 60245
474 .48633 158.16211

2516.63428_ .

2 e e
3
A2
13
23,
RESIDUAL
JXOTAL .

t
i
!
1
i
i 1
!
' I

s
i
|
t
|
t

|
!
+
]

WL e ) W e e

Table 27
ANOVA - Average Travel Distance Per Second

Experienced Drivers ~ Task 4

_SDURCE OF ~ 'DEGREES OF  SUMS OF MEAN
JVARTATION. __FREEDOM_ . } SQUARES . SQUARES

1772.05560 590. 68506
9.76562 . ..:.976362
1140.75049 1140.,75049.
_._.65.13718 . . 21.71239.
T47.09244 249,.,03081
L.534.76607 __  534.76587.
517.25000 172.41666
_...4186.81641 ~

1
e e el
3.
2
13
23 e

"RESIDUAL
TOTAL .

W

'
i
1
i
!
1

i
!
!
]
1
i
!

1
3

M e W00

-

t
]
1
|
1
1
1
L}
'
1
|
i
t
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Table 28
ANOVA - Average Travel Distance Per Second

Experienced Drivers - Task 5

ce— - [ o m—

SGURCE OF 77 TDEGREES OF T T USUMSTOF T T MEAN
VARIATION . FREEDOM __ _ . __ ....SQUARES__ —SQUARES

1 T T 1539.08528 513.02832
e e e 0033062 . 0433062

3 .
Az
13

B e
RESIDUAL
JOTAL. .. . : 1

177.55573 177.55573
... 1270616110 . 423.38696
234.33679 , T8.11226
.-498.40516__ ____ _498.40503

515.84473 171.94824
__4235. 71815 E

Table 29
ANOVA -~ Average Travel Distance Per Second

Experienced Drivers - TPask 10

* . e - P R T TR

'SOURCE OF  DEGREES OF _  SUMS OF MEAN
VARIATIGN FREEDCWV SQUARES SQUARES

A
2
RESIOUAL _
TCTAL

..-304,02011  _101.324003;
51.011C8 © 51.01108

e 2241, 84953 0 513.98315
1602.9805¢ A

@ memmer— s L . e e e b ERR A TR — .

e a ses at®



- SQURCE OF

"VARIATION

--1..,.

2
RESIDUAL
TOTAL

SOURCE CF

VARIATION

Ao
2

RESICUAL
TOTAL

Table 30

ANOVA -~ Average Travel Distance Per Second

ANOVA -~ Average Travel Distance Per Second

" FREEDGM

Experienced Drivers -~ Task 11l

DEGREES OF Surs OF

..154,06133
23s.01147
240,33154

-.jiL\I _.--'.u:

-

Table 31

Experienced Drivers - Task 12

'CEGREES CF  SUMS OF
FREEDCV " SQUARES

876,94 727

~ W i

'1634 11426

Table 32

194,€3180

T€33,40430

.LSGUAﬁég.h“mm”“

" SQUARES

133

ME AN

51.3€378

239.01147

80.11050

MEAN
" SQUARES’

64.81126 .

576.,94727 |

86z.583840

ANOVA - Average Travel Distance Per Second

SOURCE OF

TVARIATION 7 0 7T

o
2

RESIDUAL

TOTAL

Experienced Drivers - Task 13

e ]

DEGREES QF.".-ﬂumm-
FREEDCM

SUMS OF

T T R YR

_-615,65321

374.6811¢

"N.22¢87

T 991456386

287.2%1172,

P LAt TR T PR

" SQUARES™ "~

MEAN

“SCUARES

205,217173
1.229¢€7

o 124085271
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