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1.0 INTRODUCTION

Physical limitations are generally not the only consequence of
brain damage. Frequently, other functions are impaired as well,
including several psychological functions believed to be important to
driving. These include perceptual skills (perceiving and reacting
appropriately to one's environment and objects in it) and cognitive
skills (reasoning, judgment, and other mental capabilities). For
example, Bardach (1971) notes several frequent perceptual and cogni-
tive deficits in hemiplegia, such as limitations of the visual field,
confusion between left and right directions, inability to shift atten-
tion, inadequate scanning of the environment, and distractibility.
Furthermore, there is also some experimental evidence (Sullivan et al.,
1973) that perceptual and cognitive skills are related to driving
potential in persons with brain damage. If,

(1) persons with brain damage suffer impairment in their
perceptual and/or cognitive skills, and

(2) perceptual and cognitive skills are critical to daily
activities such as driving,

then taking care of the physical Timitations is going only part-way
towards returning individuals with brain damage to normal life.

Full rehabilitation would involve restoring their psychological func-
tions to the pre-injury Tevel as well.

The present study was designed to provide information regarding
the following issues:

o Is driving performance correlated with perceptual and
cognitive skills?

o Does brain damage result in impaired perceptual and/or
cognitive skills?

o Does brain damage result in impaired driving potential?

o What is the relation between subjective evaluation of
driving by a driver educator and an evaluation of selected
driving actions?



Given positive answers to all four preceding questions, two

additional considerations are of interest:

o Tests of the relevant perceptual and/or cognitive skills can
then be incorporated into a screening procedure to evaluate
driving potential of persons with brain damage. If valid,
such a screening procedure would be less expensive, less
time-consuming, and less dangerous (for both the prospective
driver and driver educator) than the current practice of
taking a drive in actual traffic.

e Can the driving problems experienced by some persons with
brain damage be explained, at least in part, by their im-
paired perceptual and/or cognitive skills?




2.0 BACKGROUND

2.1 Driving Record of Persans with Brain Damage and with
Physical Limitations

Research on the accident involvement of drivers with brain
damage is virtually nonexistent. One of the few studies where
such drivers were considered was by Crancer and McMurray (1968).
In this investigation a group of drivers with medical licensing restric-
tions were divided into the following categories: diabetes, epilepsy,
heart disease, vision deterioration, fainting, as well as a category
"other conditions," which included psychological and neurological
conditions, stroke, hypertension, alcoholism, drug addiction, etc.
The group of interest here--other conditions--had a statistically
higher accident rate than the non-restricted (general) population.
However, since this group was a mixture of people with brain damage as
well as people with no brain damage, it is unclear how relevant (for
the present purposes) this finding is.

The data regarding drivers with physical limitations (with or
without brain damage) are also rather 1imited. Most of the studies
suggest that persons with physical handicaps, as a group, do not
have a higher accident rate than the general population (e.g., Domey &
Duckworth, 1963; Dreyer, 1973; Klingberg, 1979; Ysander, 1966).
However, several studies that included a more detailed classifica-
tion of drivers with various physical handicaps report that
certain categories have worse accident records than the general popu-
lation (e.g., drivers with loss of function in the right arm or leg
[Ysander, 1966], and drivers requiring full hand controls [Negri &
Ibisen, 1979]).

In summary, the relevant accident studies are rather sparse and
do not provide separate information regarding drivers having physical
handicaps with and without brain damage, which is critical in assess-
ing the impact of brain damage per se on the accident involvement.



2.2 The Functional Asymmetry of the Human Brain1

The functional differences between the two hemispheres of the
human brain have been known for over a century. Dax (1836) observed
that language disturbances were associated with damage to the left hemi-
sphere (cited in Critchley, 1962). Ever since the original observation
of Dax, evidence has been accumulating that the hemispheres differ in
performance of a variety of tasks. On the basis of this evidence
several investigators postulate a basic dichotomy in the type of infor-
mation processing by the two hemispheres (see Table 2.1).

Table 2.1. Postulated Hemispheric Differences in Information

Processing.
HEMISPHERE
Authors Left Right
Zangwill (1961) symbolic visual-spatial
Levy-Agresti & analytic gestalt
Sperry (1968)
DeRenzi, Scotti, associational apperceptive
& Spinnler (1969)
Bogen (1969) propositional appositional
Cohen (1979) verbal visuospatial

One of the best-documented dichotomies is the dominance of the
left hemisphere for verbal and language-related skills, and the
dominance of the right hemisphere for nonverbal, perceptual skills.
The research evidence for this dichotomy comes from three types of
populations: persons with brain damage primarily to one hemisphere,
persons with split brain, and the general population.

2.2.1 Persons with Brain Damage. Damage to the left hemi-
sphere is more likely to lead to impairments in speech and in

1The material in this section has been abstracted primarily from
Allard, 1972; Mountcastle, 1962; Milner, 1975; Nebes, 1974; and Polich,
1978. The interested reader is directed for a more detailed discussion to
these works as well as to the following reviews: Dimond, 1972, Dimond
& Beaumont, 1974; Gazzaniga, 1970; Blakemore et al., 1972; Kinsbourne,
1978; Kinsbourne & Smith, 1974.



retention of verbal material (e.g., Blakemore & Falconer, 1967;
Corsi, 1972; Kim, 1976; Landsdell, 1968; Meyer & Yates, 1955; Milner,
1967, 1971; Faglioni, Spinnler, & Vignolo, 1970; Faglioni, Scotti,

& Spinnler, 1969). Damage to the right hemisphere is more likely

to lead to problems in perception and proprioception (e.g., Carmon

& Bechfold, 1969; Cohen, 1959; Diller & Weinberg, 1965; DeRenzi,
Faglioni & Spinnler, 1968; Ettlinger, 1960; Gainotti & Tiacci,

1971; Kimura, 1963; Landsdell, 1968; Milner, 1967, 1971; Zangwill,
1960) .

2.2.2 Persons with Split Brain. In an effort to control

epileptic seisures, a small number of patients have undergone a sur-
gical section of the corpus calosum and the anterior commisure, which
eliminates direct cross-communication between the two hemispheres

but leaves the hemispheres relatively intact and functioning indepen-
dently. The left hemisphere of such split-brain patients was found
to be superior in tasks involving speech and writing (e.g.,
Gazzaniga, 1970; Gazzaniga & Sperry, 1967; Levy & Trevarten, 1976;
Sperry, 1975). Analogously, the right hemisphere of the split-brain
patients was found to be superior in perceptual/spatial tasks (e.g.,
Arrigoni & DeRenzi, 1964; Bogen, 1969; Bogen & Gazzaniga, 1965;
Gazzaniga, 1965; Hécaen, 1962; Nebes, 1973).

2.2.3 General Population. Tachistoscopic presentations of visual

material and dichotic presentations of auditory material can be used to
present stimuli so that they are projected first to one of the two hemi-
spheres of able-bodied subjects. The studies using these techniques
indicate that the left hemisphere is more efficient on (visual and
auditory) tasks containing verbal components (e.g., Broadbent &

Gregory, 1964; Bryden, 1965, 1966, 1967, 1969; Geffen et al., 1971,
1972; Hines et al., 1973; Hannay & Malone, 1976; Iseroff et al., 1974;
Kimura, 1961, 1966; McKeever & Gill, 1972a, 1972b; Moscowitch, Scullion,
& Christie, 1976; Springer, 1971; Worral & CoTes, 1976). On the other
hand, the right hemisphere is more efficient on (visual and auditory)
nonverbal perceptual tasks (e.g., Broadbent, 1971; Chaney & Webster,



1965; Curry, 1967; Dee & Fentenot, 1973; Geffen et al., 1971, 1972;
Hilliard, 1973; Kimura, 1964; Murphy & Venables, 1970; Rizzolatti
et al., 1971; Young & E1lis, 1976).

2.2.4 Conclusions. On the basis of the apparent specialization of
the hemispheres, it would be expected that most persons with damage to
their left hemisphere will show impairment on tasks involving verbal/
cognitive (language-based) components, while those with damage to
their right hemisphere will show impairment on tasks depending on
visuo-spatial (language-free) capabilities. These expectations apply
to laboratory tasks, where the degree of the relevant involvement of
language can be manipulated. To the extent that driving involves
language-free but also language-based activities (e.g., obeying
speed signs, making turns on request, etc.), the predictions here are
not straightforward.



3.0 METHOD

3.1 Overall Design of the Study

0f the 41 people who were tested, 24 had brain damage, 8 had
spinal-cord damage, and 10 were able-bodied controls. Each person's
performance was evaluated using three sets of tests:

(1) A set of 12 tests of perceptual and cognitive skills.

(2) A set of five driving tasks performed in a parking
Tot (closed-course driving measures).

(3) Actual, in-traffic driving.

To control for experimenter bias, the experimenters involved in
the driving evaluation did not know the results of the perceptual and
cognitive tests, which were administered by a different examiner.

3.2 Subjects

Three groups of subjects were included in the study. The first
(experimental) group was composed of persons with a minimum one-year
history of brain damage, the second group of orthopedically handi-
capped persons with spinal-cord damage, and the third group of indi-
viduals with no significant physical disabilities or history of brain
damage. The group of persons with spinal-cord damage was included to
control for some of the effects of physical disabilities common to
persons with spinal-cord damage and persons with brain damage, such
as decreased mobility and strength as well as the emotional concomi-
tants of long-term physical disabilities.

The subjects for the first two groups were recruited from various
health-service agencies in the local area. This included a speech and
communication disorders clinic, a university hospital department of
physical medicine and rehabilitation, local vocational-rehabilitation-
service agencies, a center for independent 1iving, a community hospital
physical medicine and rehabilitation clinic, and a stroke club. The
able-bodied subjects were recruited from a pool of student volun-
teers. A description of each group by age, sex, and nature of the



disability is included in Table 3.1. (Among the persons with brain
damage there were 13 who had suffered a stroke, 7 with traumatic
head injury, and 3 with cerebral palsy.)

3.3 Procedure

During the first contact with subjects, they were given instruc-
tions regarding the purpose of the study, experimental procedures,
amount of time required, possible risks. The types of activities the
subjects would be doing was described. Subjects were then asked if
they would like to participate in the study. They read or had read to
them an informed consent form (see Appendix A). An appointment was
then scheduled for perceptual/cognitive evaluation. This testing was
conducted individually in a small, quiet office by the same examiner
for all subjects. During testing, the subjects were provided with
auditory instructions read by the examiner, and were also given written
instructions to read, if they chose.. The written instructions were
printed in a large type so they could easily be read. The examiner
simultaneously presented the subjects with both the auditory and
printed instructions. The test examiner had several years of experi-
ence administering neuropsychological tests to physically and cogni-
tively impaired patients. The testing took approximately two hours to
complete.

Following the perceptual/cognitive evaluation, each subject was
scheduled first for the closed-course and then for the open-road
driving evaluation, both conducted on the same day.

3.4 Perceptual and Cognitive Tests

There is a variety of tests on the market claiming to evaluate
various perceptual or cognitive abilities (see e.g., Anastasi, 1968;
Buros, 1972, 1974; Chun, Cobb, & French, 1975). The tests that were

eventually used were selected primarily on the basis of the following
three considerations:

(1) The tests are designed to measure a skill with a "face"
validity to driving. (In general, studies attempting to
correlate a variety of skills with accident records yield



Table 3.1. Description of each group of subjects by nature of the
disability, age, and sex.

GROUP
DESCRIPTION | Left Hemi2 Right Hemi2 Diffuse |Spinal- | Able- Total
Cord Bodied
, Lesion Lesion Lesion | Damage
f
Ngﬂgsgcis 10 6 7 8 10 41
Number of
Subjects M 8 4 5 4 6 27
b
o IF | 2. 2 2 s 4 14
Mean 49.6 51.3 28.9 27.5 24.2 35.8
M F
36.5 34.4
A T P 14.7 11.2 7.8 5.4 15.4
M F
15.7 15.2
Range | 24-69 24-64 18-47 20-45 19-38 18-69
M F
18-69 20-64

2Since brain damage frequently results in motor problems on the contralateral
side from the side of the lesion, persons with damage to the Teft hemisphere
are frequently referred to as having right hemiplegia, and persons with
damage to the right hemisphere as having left hemiplegia.



disappointingly low correlations [e.g., Goldstein, 1964;
Henderson & Burg, 1974]. Studies correlating skills with
driving performance are rather sparse [e.g., Sullivan,

1973]. Thus, the decisions regarding the relevancy to
driving was based mainly on suggestions by researchers in

the field of highway safety [e.g., Schlesinger, 1972;

Shinar, 1978] as well as clinical observations of researchers
in the field of rehabilitation [e.g., Bardach, 1963, 1969,
1971, 1973; Gurgold & Harden, 1978].) |

(2) The tests involve a minimum of motor components.

(3) Clinical experience indicates that people with brain damage
are likely to be deficient in the skills tested.

The actual 12 tests used are discussed below.

Ayres Space Test (Ayres, 1962a). According to the manual, "the
major perceptual dimensions involved [in the Ayres Space Test] are

perceptual speed and space visualization. The task involves deciding,
through visual methods only, which of two blocks will fit a formboard
[Ayres, 1962a, p.1]." Ayres (1962b) has found that subjects with

brain damage showed a deficit in performance on this test. A shorter
version of the test (all odd items) was used. The original instructions
were followed. Both the raw and the time-adjusted scores were recorded.

Motor Free Visual Perception Test (Colarusso & Hammill, 1972).
This is a multiple-choice test, requiring from the subject only a
pointing response. The test contains items in five cateqories of
visual perception: spatial relationships, visual discrimination,
figure-ground, visual closure, and visual memory. Some of these per-
ceptual functions have been shown to be affected by brain damage

(e.g., Bardach, 1969; Warrington & James, 1967). The standard pro-
cedure was used.

Picture Completion (based on a subtest of the Wechsler Adult
Intelligence Scale [Wechsler, 1955]). This is a test of perceptual
discrimination, requiring the identification of missing elements in

10



sketched figures. Research indicates that persons with brain damage
perform worse on this test than control populations (e.g., Russell,
1972; Zimmerman & Woo-Sam, 1973). A 13-item shorter version of the
original test was used (items # 1-7, 10, 12, 15-18) with essentially
unmodified instructions.

Rod-and-Frame. This portable version of the original Witkin

Rod-and-Frame test (e.g., Witkin & Asch, 1948) was developed by

0ltman (1968). The test evaluates the perception of verticality in the

presence of a limited visual field, a skill known to be affected by

brain damage (e.g., Birch et al., 1960, 1961; Bruel et al., 1956, 1957;

De Cenzio et al., 1970; Hulicka & Beckstein, 1961). In this test the

subject views a rod within a square frame. The frame and the rod are

pivoted at the same point in space which coincides with the center of

both the frame and the rod. The subject's task is to set the rod

(in the presence of a tilted frame) to the upright position. Witkin

et al. (1962) argue that "for successful performance of this task the

subject must extract the rod from the tilted frame through reference

to body position [p. 36]." The subjects unaffected by the frame are
“referred to as field-independent; those affected by the frame, as

field dependent.

The present study utilized Series 3 of the three series in the
original test of field dependence (Witkin et al., 1962). In this series
the subject sits erect (in the other two series the subject's body is
tilted as well). Two measures of performance were obtained:

(1) Based on unsigned deviations: mean absolute error in degrees
from the true upright for the eight trials of the series.
Since this is the original measure proposed by Witkin (e.g.,
Witkin et al., 1962) it will be referred to here as the
measure of field dependence.

(2) Based on signed deviations: mean signed error in degrees from
the true vertical. It will be referred to here as the measure

11



of perception of verticality. (The eight trials involve four
with the frame tilted clockwise and four counterclockwise.
Therefore, a large score on this measure in either direction
would indicate assymmetry in the effects of the two frame-tilts,
possibly due to the assymmetry of the brain damage.) The origi-
nal instructions by the apparatus manufacturer (Darro Products
Corporation) were used.

Southern California Figure-Ground Visual Perception Test (Ayres,
1966). This test "is designed to assist in determination of deficits
in visual perception which require selection of a foreground figure
from a visual background [Ayres, 1966, p. 1]." This skill has been
found to be affected by brain damage (e.g., Dolphin & Cruickshank,
1951; Harrover, 1939; Wood, 1955).

In this test the subject is presented with a series of plates
consisting of superimposed or embedded pictures of common objects.
The task requires the subject to point to three pictures of objects
(out of the set of six alternatives) that are contained in the
plate.

The standard procedure was used.

Symbol Digit Modalities Test (Smith, 1973). The task in this
test is to substitute a number for a randomized presentation of geo-

metric figures. The substitution is performed according to a key
which pairs nine different figures with numbers from one to nine.
Since the language symbols (digits) are presumably processed primarily
by the left hemisphere, and language-free symbols (figures) by the
right hemisphere, the substitution of numbers for geometric figures
tests "the efficiency of many different central mechanisms in the two
hemisphere [Smith, 1973, p. 1].* Smith (1968, 1969, 1971, 1972) has
shown that this test is sensitive to brain damage.

The standard procedure was used.

12



Picture Arrangement (a subtest of the Wechsler Adult Intelligence
Scale [Wechsler, 1955]). This test requires arranging pictures in
each of eight series in proper sequence so that each series will tell

a story. According to Zimmerman and Woo-Sam (1973), Picture Arrange-
ment measures factors such as "visual perception, synthesis into

wholes through planning, and ability to see cause-effect relationships
[p. 154]." Visual perception and planning were observed to be impaired
in persons with brain damage (Bardach, 1971). No modification of the
instructions from the Wechsler Adult Intelligence Scale was made.

Porteus Maze (Porteus, 1933). This is a nonverbal task of tracing
a path through a printed maze. The Porteus Maze was developed to meas-

ure aspects of intelligence which involve foresight, planning, anticipa-
tion, and rehearsal (Lezak, 1976; Porteus, 1959). Research indicates
that the Porteus Maze is sensitive to the effects of head injury

(Riddle & Roberts, 1974). The original testing procedure was used; how-
ever, the scoring method was based on the procedures of the University
of Minnesota Neuropsychological Laboratory (Meier & Thomas, 1976).

Abstract Reasoning Test. The abstract reasoning test is a part
of the Differential Aptitude Tests (Bennett, Seashore, & Wesman, 1947).
It is designed to measure how easily, clearly, and well one can under-

stand ideas and their relation to one another when problems are pre-
sented in terms of size, shape, position, quantity, or other non-verbal,
non-numerical forms. Compared to a verbal reasoning test, the abstract
reasoning test does not require a high level of verbal ability such as
reading comprehension or vocabulary and thus is suitable for those who
are limited in their verbal ability because of either traumatic brain
damage, stroke, or congenital cognitive impairment. A modified ver-
sion of the abstract reasoning test was assembled by selecting only
some of the items. This was done in order to decrease the overall
Tength of the testing battery to make it more 1ikely that an eventual
clinical version of the test would be of suitable length for routine
use. It was decided to select items that were representative of the
original test in terms of difficulty level, patterns, shapes, and form
of the problems. Fifteen items (# 1, 4, 6, 19, 21, 22, 23, 26, 27, 32,

13



34, 38, 39, 42, 47) were compiled for the short version of the test,
but the same test instructions were used as in the original version.

Arithmetic (based on the Arithmetic subtest of the Wechsler Adult
Intelligence Scale [Wechsler, 1955]). As Zimmerman and Woo-Sam
(1973, p. 84) point out, this test "provides clues to memory and con-
centration, particularly when paired with Digit Span [another subset
of the Wechsler Adult Intelligence Scale]." The arithmetic subtest
can also be considered as a measure of concentration and freedom from
distractibility.

Considerations were given to the potential difficulty aphasics
might have with the verbal expressive component of this test. It was
decided to provide subjects with a number board in order to allow them
to communicate their answers by pointing to the correct number on the
number board. The test instructions were modified to accommodate the
option of pointing to the correct answer. Despite the concerns, the
examiner later found that even aphasic patients in our sample did not
show any difficulty in responding. As a result, it was decided to
discard this option after a few severely aphasic subjects were tested
and found not to need or use the number board.

Digit Span (a subtest of the Wechsler Adult Intelligence Scale
[Wechsler, 1955]). Digit Span is also reported to be a good measure
of attention and freedom from distractibility (Zimmerman & Woo-Sam,
1973). In the present study, both the forward and backward digit
span was administered according to the original instructions
(Wechsler, 1955), except that the number board (described in the
Arithmetic test) was initially offered to subjects, but was not uti-
lized by even the more severely impaired aphasic subjects.

Vocabulary. The vocabulary test adopted for use in the present
study involves matching words to pictures and thus does not require
a verbal response. Ten items were taken from various subtests of the
Boston Diagnostic Aphasia Examination (Goodglass & Kaplan, 1972) and
these were used to construct a new set of word-picture matching pairs.
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Goodglass and Kaplan (1972) indicate that word-picture matching
involves comprehension of the meaning of written words. The original
instructions for the Boston test were used without modification.

Five of the above tests are primarily perceptual tests (Ayres
Space Test, Motor Free Visual Perception Test, Picture Completion,
Rod-and-Frame, and Southern California Figure - Ground Visual Per-
ception Test), four are primarily cognitive tests (Abstract Reasoning,
Arithmetic, Digit Span, and Vocabulary), and three involve large
components of both perception and cognition (Picture Arrangement,
Porteus Maze, and Symbol Digit Modalities Test). T{This division is
obviously not clear-cut, since all tests involve both perceptual and
cognitive aspects.)

In addition to the evaluation of perceptual/cognitive skills,
each subject was tested using a Titmus Vision Tester (primarily to
determine visual acuity) and a choice-reaction-time task (to
obtain a measure of perceptual-cognitive-motor coordination and
speed). In the reaction time task, the subject was asked to press
one of the two response keys depending on which of two numbers
was flashed. The dependent variable measured the combined period of
time it took the subject to make a decision about which key to press,
to move the hand to the key, and to depress the key.

3.5 Closed-Course Driving

The closed-course driving evaluation was set up in a private
parking Tot. The tests utilized an area of approximately 225' x 150°'.

Table 3.2 describes the tasks used, the scoring methods, and the
probable skills contributing to the performance on each task.

The driving was done in a 1979 Chevrolet Caprice, equipped with a
dual-brake system, hand controls for the accelerator and brake, and
(if desired) a steering knob. A licensed driver educator, with exten-
sive experience in working with persons with physical disabilities,
rode in the test car and instructed the subject about the tasks to be
performed. The driver educator demonstrated the execution of Tasks 1

15
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Table 3.2. Driving tasks for the closed-course evaluation.
DIMENSIONS AND OTHER WHAT IT IS ‘
TASK INSTRUCTIONS DIAGRAM/NAME SPECIFICATIONS3 SUPPOSE TO EVALUATE SCORING
(1) |"Drive between the 2 Tt Length: 180' Perceptual/motor Number of
lines without touch- teetes * Width: 6°' 4" coordination knocked4 and
ing them. Straight tracking Number of cones: 40 (tracking) displaced cones
(2) |"Drive in a figure 8 Distance between the Memory, steering Time
pattern (around the e~ T cones: 59' reversals
two cones ahead of A
P -
you) as fast as you =~
can." Figure 8
(3) ["Drive between the 2 et RRE Length: 155°' Perceptual/motor Number of
lines without touch- > cee teLe 0" Width: continuously coordination knocked and
ing them." °° el narrowing from 9' to 7' | (tracking) displaced cones
Curve tracking Number of cones: 50
(4) {"When I tell you so, Distance from the cone | Memory, distance Distance away
close your eyes, at the time of closing | estimation from the cone
continue driving, and - the eyes: 100'
try to come to a stop °
next to the cone
ahead of you." Blind stop
(5) |Repeat of the task #3 Information pro- Number of

with the addition of
the following simul-
taneous loading
tasks:

"Make a sound
whenever you hear a
number." (The sub-
ject is listening to
a sequence of words
interspersed with
numbers.)

Curve tracking
with a secondary
task

Same as Task #3

cessing capability,
ability to perform
two tasks simul-
taneously

Perceptual/motor
coordination
(tracking)

knocked and
displaced cones

Number of
correct
responses

on the
loading task

3The width of the test car at the point of contact with the cones in Tasks 1, 3, and 5 was 5' 2".

4"Knocked“ is used as a shorthand for "knocked over."



and 3 individually to each subject. Furthermore, prior to Task 2 he
asked each subject to draw a figure 8 around two points to assure that
the instructions were well understood.

3.6 Open-Road Driving’

Each subject's in-traffic driving was evaluated on the same 10.4
mile course in the northeast section of Ann Arbor. The traffic on
the route during the testing was light-to-moderate with 1ight pedes-
trian traffic (with an exception of a pass through a shopping center).
Approximately half of the route has a speed limit of 25 mph; addi-
tional sections have a Timit of 30, 35, and 40 mph. Approximately two-
thirds of the route is a two-lane road (with sections of one-way only);
additional sections are four-lane wide (both divided and undivided) and
five-Tane wide (with a center turn lane). All driving was done during
the daytime.

Each subject drove the same 1979 Chevrolet Caprice that was used
for the closed-course driving. The car was equipped with dual-brake
system, hand controls for accelerator and brakes, and (if desired) a
steering knob. The above-mentioned driver educator (in the front
seat) and a performance evaluator (in the rear seat) accompanied each
subject. The performance evaluator was charged with rating the per-
formance of each subject on 144 predetermined actions along the route.
Figure 3.1 illustrates the route with all of the test actions and their
Tocations on the route. (Due to the traffic conditions the actual number
of the evaluated actions varied from subject to subject: the mean was
126.4 with a standard deviation of 8.5.)

The rating was done using a 2-point scale: Well executed and not
well executed. The evaluated actions belonged to one of the following
five categories:

Gap Acceptance. Did the driver, in merging into traffic, accept
a gap of a safe size as opposed to accepting a gap too short or
rejecting a gap long enough?

5Severa] aspects of the open-road evaluation were based on the
research of Jones (1978).
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Limit Line. Did the driver position himself (herself) correctly
at a stop sign, yield sign, or a traffic 1ight?

Observation. Did the driver make the necessary observations
(directly or via a mirror) at a stop or yield sign, prior to a requested
change of lanes, and on turns? (Observations on turns and on straight
portions were tabulated both separately and in aggregate.)

Path. Did the driver stay within his lane without unsafe devia-
tions from the intended direction? (Paths on turns and straight
portions were tabulated both separately and in aggregate.)

Speed. Did the driver stay within + 5 mph from the speed limit?
Did the driver maintain a smooth speed profile in turns and during
acceleration? (Speeds on turns and straight portions were tabulated
both separately and in aggregate.)

Two performance evaluators (both psychologists and one with prior
experience in highway safety) alternated in rating the driving per-
formance. They practiced prior to evaluating actual subjects by
scoring the same pilot subjects and discussing the task with the
driver educator. (The two evaluators exhibited a high inter-rater
reliability: Scoring the same two subjects, they disagreed on only
four out of a total of 224 test actions.)

At the conclusion of the closed-course and open-road driving, the
driver educator evaluated each subject's driving potential, psycho-
motor skills, and perceptual/cognitive skills using rating scales in
Appendix B. The driver educator made his ratings without the knowledge
of the ratings by the performance evaluator.
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4.0 RESULTS

4.1 Perceptual and Cognitive Skills

4.1.1 Effects of Brain Damage and Spinal-Cord Damage. The

results of analyses of variance and post hoe t-tests for contrasts are
presented in Table 4.1. These results indicate the following:

(1) The persons with brain damage performed significant1y6
worse than the controls on a range of perceptual and
cognitive tests.

(2) The observed differences between persons with left and
right hemiplegia are consistent with the hemispheric
specialization discussed in Chapter 2 (the persons with
left .hemiplegia performing better on Arithmetic and
Digit Span, but worse on the Motor Free Visual Perception
Test).

(3) The persons with spinal-cord damage did not perform worse
than the controls on any of the tests (with the exception
of both forms of the Symbol Digit Modalities Tests). This
finding suggests that the problems experienced by the
people with brain damage were unlikely to be due to their
physical Timitations. .

4.1.2 Factor Analysis. A factor analysis was performed on all
laboratory tests (i.e., all perceptual and cognitive tests plus the
visual acuity score and the reaction time). Table 4.2 shows the
Varimax-rotated solutions obtained from the component analysis. As
is apparent from Table 4.2, the following four factors emerged (with
factor loadings in parentheses):

First factor - "general:perception/cognition" - being Toaded primarily by

Porteus Maze (.87)

Motor Free Visual Perception Test (.79)
Reaction Time (-.72)

Abstract Reasoning (.70)

'6p < .05 for all statistical tests throughout this report
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Table 4.2. Perceptual and cognitive skills:

Results of factor analysis.

TEST FACTOR

(1) () (3) (4)
Motor Free Visual Perception Test 789  .075 .204 -.104
Rod-and-Frame, Unsigned Deviations -.548 -.227 -.360 .122
Rod-and-Frame, Signed Deviations -.012 -.043 -.014 -.916
Symbol Digit Modalities Test, Oral Form .466  .306 .734 -.128
Symbol Digit Modalities Test, Written Form .441  .204  .633 -.190
Porteus Maze 872,133 .125  .060
Arithmetic .358  .149 .785 .041
Digit Span 239,157  .863 .019
Ayres Space Test, Raw Score 545 -.291  .461 .173
Ayres Space Test, Adjusted Score .668 -.036 .414 .228
Abstract Reasoning .700 .065 .483 .109
Southern California Figure Ground Test 501  .263 .556 -.18¢
Vocabulary .161 -.146 .512 .118
Picture Arrangement .632  .298 .362 .003
Picture Completion .682  .236 .438 -.078
Visual Acuity -.211 -.854 -.126 -.06%
Reaction Time -. 716 .132  .433 072
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Picture Completion (.68)
Ayres Space Test, Adjusted Score (.67)
Picture Arrangement (.63)

Second factor - "visual acuity" - being loaded only by

Visual Acuity (-.85)

Third factor - "language, memory, distractibility" - being loaded primarily by

Digit Span (.86)
Arithmetic (.78)
Symbol Digit Modalities Test, Oral Form (.73)
Symbol Digit Modalities Test, Written Form (.63)
Fourth factor - "perception of verticality" - being loaded only by

Rod-and-Frame, Signed Deviations (-.92)

The first factor accounts for 30.7% of the common variance, while the
second, third, and fourth factors account for additional 7.8, 24.7,
and 6.3%, respectively.

Analyses of variance on the individual subjects' factor scores
indicate that the global diagnosis (persons with left hemiplegia,
right hemiplegia, diffuse brain damage, spinal-cord damage, and
control subjects) had a significant effect on the factor scores of the
first and third factor. Post hoc t-tests for contrasts revealed that
for both of these factors, the factor scores for the combined group
of people with brain damage differed significantly from those for the
people with spinal-cord damage and control subjects. Similarly, for
both of these factors, the factor scores for the persons with left
hemiplegia differed from those for the persons with right hemiplegia,
supporting the notion of hemispheric specialization.

4.2 Closed-Course Driving

4.2.1 Effects of Brain Damage and Spinal-Cord Damage. The

results of analyses of variance and post hoc t-tests for contrasts are
presented in Table 4.3. These results indicate the following:

(1) The persons with brain damage performed significantly
worse than the controls on a range of measures.
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(2) The persons with right hemiplegia had problems with track-
ing on the right side, while those with left hemiplegia had
problems on the left side, reflecting the contralateral ef-
fects of brain damage. Furthermore, the persons with right
hemiplegia performed worse than those with left hemiplegia
on the secondary, language-based task, which is consistent
with hemispheric specialization discussed in Chapter 2.

(3) The subjects with spinal-cord damage did not perform dif-
ferently from the controls on any of the measures. This
finding suggests that the problems experienced by the

people with brain damage were unlikely to be due to their
physical limitations.

4.3 QOpen-Road Driving

4.3.1 Effects of Brain Damage and Spinal-Cord Damage. Out of
the total of 41 people, two were judged by the driver educator (after
the closed-course driving) as too dangerous to operate the vehicle on
public roads. One of these two subjects was a person with left hemi-
plegia and one with a diffuse brain damage. The open-road driving of
two additional people (both with a diffuse brain damage) was. termi-
nated for the same reason after a few minutes of actual driving. Thus,
the analysis of the open-road driving is based on 37 subjects: ten
with right hemiplegia, five with left hemiplegia, four with a diffuse
brain injury, eight with spinal-cord damage, and ten controls. The
best predictor of whether the subject completed the open-road course
(N = 37) or did not (N = 4) were the following perceptual/cognitive
tests:

Rod-and-Frame, Signed Deviations (r = -.57)

Symbol Digit Modalities Test, Written Form (r = -.40)
Symbol Digit Modalities Test, Oral Form (r = -.33)
Motor Free Visual Perception Test (r = -.32)

The results of analyses of variance and post hoc t-tests for con-
trasts are presented in Table 4.4. These results indicate the following:

(1) The persons with brain damage performed significantly worse
than the control subjects on several measures.
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(2)

The persons with spinal-cord damage did not perform
differently from the controls on any of the measures.
This finding suggests that the problems experienced by

the people with brain damage were unlikely to be due to
their physical limitations.

4.3.2 Relation of Open-Road Driving to Perceptual/Cognitive

Skills and Closed-Course Driving. As a global index of the open-road

performance, a Composite Driving Index was computed, which was the

mean of the percent correct scores of all evaluated driving actions:

Composite Driving Index

1/8 times (% correct Observation on
turns + % correct Observation on
straight portions + % correct Speed

on turns + % correct Speed on straight
portions + % correct Path on turns +

% correct Path on straight portions +
% correct Gap acceptance + % correct
Limit-Tine behavior)

The analysis of variance indicates that the persons with brain

damage had a poorer Composite Driving Index than the combined group

of control subjects and subjects with spinal-cord damage (84.5 vs.

94.4). The results of the correlational analysis indicate that the

following measures were significantly correlated with the Composite

Driving Index (the correlation coefficient is in parentheses):

Ayres Space Test, Adjusted Score
Ayres Space Test, Raw Score

Picture Completion (.71)
Picture Arrangement (.58)
Motor Free Visual Perception Test (.57)
Porteus Maze (.55)
Abstract Reasoning (.54)
Symbol Digit Modalities Test, Oral Form (.53)
Symbol Digit Modalities Test, Written Form (.51)
Southern California Figure Ground Test (.50)
Rod-and-Frame , Unsigned deviations (-.44)
Digit Span (.41)
Arithmetic (.41)
(.41)

(.35)

)

Reaction Time

—
]
o
n
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Total number of cones knocked and displaced, Task 3 (-.56)
Number of cones knocked, Task 3 (-.55)
Number of cones knocked and displaced on the left, Task 1 (-.44)
Number of cones knocked, Task 5 (-.44)
Number of cones knocked and displaced on the left, Task 3 (-.44)
Number of correct responses, Task 5 (.47)
Number of cones knocked and displaced on the left, Task 5 (-.33)
Number of cones displaced, Task 3 (-.33)

The preceding analysis implies that knowing the score on the
Picture Completion test, one can account for 50% of the variance of
the open-road driving performance. Analogously, the Picture Arrange-
ment Test and the Motor Free Visual Perception Test can account for 34
and 32% of the variance of the open-road driving, respectively.

The best predictor of the open-road performance from the closed-
course measures was the total number of cones knocked and displaced in
Task 3 (curve tracking), accounting for 31% of the variance.
Interestingly, among the best predictors of in-traffic driving were
all three measures of the tracking errors on the driver's (left) side.

The above analyses were performed for all groups of subjects
simultaneously. Analogous correlational analyses were also performed
for the people with brain damage and a combined group of controls and
people with spinal-cord damage. For the persons with brain damage,
Picture Completion (r = .72) and Picture Arrangement (r = .46)
were significantly correlated with the Composite Driving Index. For
the combined group of control subjects and subjects with spinal-cord
damage, the following measures were correlated with the Composite
Driving Index:

Porteus Maze )

Rod-and-Frame, Unsigned deviations t .

Abstract Reasoning
Ayres Space Test, Adjusted score

o~}

Total number of cones displaced or knocked, Task 3

Number of cones knocked, Task 3

Number of cones knocked or displaced on the right, Task 3

Number of cones knocked, Task 5

Number of cones knocked and displaced on the right, Task 5
Number of cones knocked and displaced on the left, Task 1

Total number of cones knocked or displaced, Task 5

Number of cones displaced, Task 3

[ |
(o2 =A)
o 0O

P L T e e e A i
]
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(62}
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Correlational analysis of the individual factor scores (from the
factor analysis of the laboratory measures, p. 22) and the Composite
Driving Index indicates that the factor scores for the first factor
("general:perceptual/cognitive") were significantly related to the
driving performance (r = .59). The factor scores for the other three
factors were not significantly related to the driving performance.

4.3.3 Effects of Demographic Variables on Open-Road Driving.

The following demographic measures were not significantly correlated
with the Composite Driving Index:
Sex
Educational status (in or out of school)
Preferred hand
Age
Years of education
Total number of months of driving experience
Number of months of driving prior to the injury Analyzed for the
Number of months of driving since the injury persons with brain
Number of months from the injury and spinal-cord damage
Additional analyses were performed by dividing subjects into

three pairs of groups, respectively:

o No driving experience at all vs. some driving experience
(a1l subjects)

® No driving experience prior to the injury vs. some driving
experience prior to the injury (subjects with brain or spinal-
cord damage)

o No driving experience since the injury vs. some driving experi-
ence since the injury (subjects with brain or spinal-cord damage)

Analysis of variance revealed that the Composite Driving Index did not
differ for the people with no driving experience at all in comparison

to those with some driving experience, A similar dichotomy on the driv-
ing experience prior to the injury suggested no effect on the Composite
Driving Index. However, the people who had some driving experience
since the injury performed better than those who had none. (This find-
ing suggests that either (1) the people who drove worse did so because

29



they had no post-injury driving experience, or more plausibly, (2) the
people who had no post-injury driving experience did so because they
were worse drivers due to their injury.)

4.4 Subjective Evaluation of Driving Performance

At the conclusion of the closed-course and open-road driving, the
driver educator evaluated each subject by using the rating scales in
Appendix B. Statistical analyses of his ratings indicate that the
persons with brain damage were judged to have

(1) lower driving potentials,
(2) poorer psychomotor skills, and
(3) poorer perceptual and cognitive skills

than the controls. The correlation coefficients of these three sub-
jective evaluations with the objective Composite Driving Index were

.81, .77, and .74, respectively. These findings imply that the utilized
measure of the driving performance evaluated, to a great extent, sim-

ilar behaviors as the traditional subjective evaluations by an expe-
rienced driver educator.

4.5 Perceptual and Cognitive Skills as Mediators between Brain Damage
and Problems 1n Driving

The analyses of variance of the Composite Driving Index indicate
that the driving performance of persons with brain damage differed from
that of the controls ( p = .025) or that of the combined group of
controls and people with spinal-cord damage (p = .002). To investi-
gate the hypothesis that the driving problems experienced by the per-
sons with brain damage stem from their perceptual and cognitive defi-
ciencies, analyses of covariance were performed. In these analyses the
dependent variable was the Composite Driving Index (CDI), the indepen-
dent variable was the two subject populations (people with brain
damage and a combined group of controls and people with spinal-cord
damage) and the covariates were each of the perceptual/cognitive and
closed-course measures which were significantly correlated with CDI
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(see p. 27). The results of these analyses are presented in Table 4.5.
As is evident from these findings, adjusting the two group means of
the CDI on one of several perceptual/cognitive measures resulted in no
statistical difference between the persons with brain damage and the
remaining subjects. The most-effective such measures include both
versions of the Symbol Digit Modalities Test, Picture Arrangement, and
Picture Completion. These results are consistent with the hypothesis
that brain damage affects perceptual/cognitive skills which, in turn,
affect driving performance.

4.6 Predicting the Driving Performance: Variable-Selection Procedure

A variable-selection method (see, e.g., Draper & Smith, 1966) was
applied separately to all perceptual and cognitive measures, closed-course
driving measures, and the combined set of perceptual/cognitive and closed-
course measures. The procedure selects the independent variables for a
regression model using a stepwise regression. The dependent variable was
the Composite Driving Index (CDI). The resulting models are as fo]1ows:7

(1) A1l perceptual/cognitive measures:

CDI = 55.21 + 3.33 x (Picture Completion score).
Percent of the variance accounted for (rz) = .51

(2) A1l closed-course measures:

CDI = 74.16 - .99 x (Total number of cones knocked and dis-
placed, Task 3) + 2.21 x (Number of correct responses,
Task 5) - 2.70 x (Number of cones knocked and dis-
placed on the left, Task 1)

2
Percent of the variance accounted for (r ) = .51

(3) Combined set of the perceptual/cognitive and closed-course
measures :

CDI = 59.80 + 3.04 x (Picture Completion score) - 1.13 x
(Number of cones knocked and displaced on the left,
Task 3)
2

Percent of the variance accounted for (r~) = .59

7The results of these analyses should be evaluated with caution,
because of the relatively large number of measures (in relation to the
number of subjects) entering into the selection process.
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Table 4.5. Analyses of covariance. The dependent variable is the
Composite Driving Index (CDI). The test for equality of
means is for the persons with brain damage vs. controls

and persons with spinal-cord damage. (These results
should be compared to p = .002 for the equality of

unadjusted means, obtained from analysis of variance.)

—

Equality of
adjusted means

COVARIATE (obtained
_p level)
Motor Free Visual Perception Test .085
Rod-and-Frame, Unsigned Deviations .015
Symbol Digit Modalities Test, Oral Form .336
Symbol Digit Modalities Test, Written Form .224
Porteus Maze .031
Arithmetic .038
Digit Span .040
Ayres Space Test, Raw Score .007
Ayres Space Test, Adjusted Score .009
Abstract Reasoning .057
Southern California Figure-Ground Test .084
Picture Arrangement .178
Picture Completion 132
Reaction Time .092
Number of knocked and displaced cones on the left, Task 1 .006
Number of knocked cones, Task 3 .017
Number of displaced cones, Task 3 .010
Total number of knocked and displaced cones, Task 3 .033
Number of knocked and displaced cones on the left, Task 3 .010
Number of knocked cones, Task 5 .035
Number of knocked and displaced cones on the left, Task 5 .008
Number of correct responses, Task 5 .022
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5.0 SUMMARY, DISCUSSION, AND CONCLUSIONS

The discussion here is centered around the primary questions of
interest, stated in Chapter 1 (pp. 1, 2).

(1)

Is driving performance correlated with perceptual and
cognitive skills?

The results of the correlational analysis (p. 27) indicate
that performance on most of the perceptual and cognitive
tests was significantly correlated with open-road driving.
The highest correlations were obtained for the Picture
Completion Test (r = .71), Picture Arrangement Test

(r = .58), and Motor Free Visual Perception Test (r = .57).

Does brain damage result in impaired perceptual and cogni-
tive skills?

As is evident from Table 4.1, the answer is "yes." On most
of the tests, the people with brain damage scored signifi-
cantly worse than the controls. On the other hand, the
performance of the people with spinal-cord damage, in
general, did not differ from that of the control subjects.
This finding implies that the problems encountered by the
individuals with brain damage are likely not due to their
physical limitations.

Does brain damage result in impaired driving performance?

Results of analyses of variance (pp. 23-27) indicate that
persons with brain damage performed significantly worse
than the controls (or the combined group of the control
subjects and persons with spinal-cord damage) on several
measures of both the closed-course and open-road driving.

What is the relation between subjective evaluation of
driving by a driver educator and an evaluation of selected

driving actions?

The correlational analysis (p. 30) indicates that the cor-
relation between a global subjective evaluation of driving
potential by a driver educator and an evaluation of selected



driving actions is rather high (r = .81). This finding
implies that the utilized measures of driving performance
evaluated to a great extent similar behaviors as the
traditional subjective evaluations.

Can the tests that are correlated with driving be
incorporated into a screening procedure to evaluate
driving potential of persons in general and persons

with brain damage in particular?

The results of this study suggest that there are several
potential candidates for inclusion in a screening battery
(e.g., Picture Completion, Picture Arrangement, Motor Free
Visual Perception Test.) The scatter plots of the best
predictor of the open-road driving (Picture Completion) vs.
a measure of open-road driving (Composite Driving Index) are
shown in Figures 5.1 nad 5.2 for all subjects and the per-
sons with brain damage, respectively. The analogous scatter
plots using regression models having two predictors are

shown in Figures 5.3 and 5.4. (The predicted values for
plots in Figures 5.3 and 5.4 were derived from the results
of a stepwise regression analysis, p. 31.) While these
results are encouraging, validations with larger samples of
people with brain damage are necessary.

The obtained correlation coefficients between the best pre-
dictors (Picture Completion, Picture Arrangement, and Motor
Free Visual Perception Test) and driving (.71 - .57) fall
substantially short of 1.00. Therefore, it is unlikely
that any of these tests will replace the actual driving
test. However, their predictive power is high enough so
that they might prove to be valuable tools in rapid detec-
tion of potentially serious driving-related problems.

Can the problems in driving experienced by some people

with brain damage be explained, at least in part, by
their impaired perceptual/cognitive skills?

The results of the analyses of covariance (p. 32) indicate
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that the present data are consistent with the hypothesis
that several perceptual and cognitive skills are mediators
between the effects of brain damage on driving perfor-
mance. (This hypothesis states, in other words, that

brain damage affects perceptual/cognitive skills which, in
turn, affect driving performance.) The most likely candi-
dates for such mediators are the skills evaluated by Symbol
Digit Modalities Test, Picture Arrangement, and Picture
Completion. Therefore, rehabilitation techniques which
would improve the skills evaluated by these tests are likely

to improve the driving potential of the persons with brain
damage.
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SUBJECT CONSENT FORM

The purpose of this study is to compare performance on certain problem
solving abilities in the laboratory with performance while driving an
automobile. You will be asked to participate in both parts of the study.

One part will require you to do a number of tasks and answer questions.
These are the type of tasks and problems which require written or oral
responses and they will be given to you in private by an experienced
test administrator. These tasks will measure your performance on many
different problem solving abilities. Some will be very easy and some
will be quite challenging. This part will require about three hours
and may be split up into several sessions depending on when you can
find time in your schedule.

In the other part of the study you will drive a car and we will ask you
to carry out certain maneuvers. There is always the possibility of
injury from an accident when driving an automobile, however, every
precaution will be taken to minimize the risk of injury. A dual control
car will be used and you will be accompanied by an experienced driver
trainer. The drive will begin on a large vacant lot. If you are able
to do. well there, you will be asked to follow a course on the public
streets. This part of the study will require about one hour. You

will first be asked to have your vision checked. If you meet our
research requirements, you will be asked ta participate in the rest

of the study. Those who will not continue after the vision test will
be given $5 for their willingness and cooperation.

If, at any time, and for any reason, you prefer not to continue the
study, you may withdraw from the study without prejudice either from
the investigators or any persons or agency which may have referred you
to us. You will be paid $25 upon completion of both parts of the study.
In addition to the money, you may benefit from the study by gaining a
better understanding of your own abilities.

All information and answers we collect from you will be kept strictly
confidential. Under no circumstances will any of the individual's
personal data be identified and used during the process of data analysis
or in the write-up of results. The information and data about you as

an individual will not be released to anyone unless you specifically
give us written permission to do so. Please feel free to ask any
questions about the study at any time.

I have read and understand the information presented above. My
participation in this study is entirely voluntary.

Signature Date

, Witness ~Date
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Overall Evaluation: Driving Potential

1 2 3 4
'r -+ ; :
No ' Possibly, Yes, Yes
with Tots with some
of training training

Overall Evaluation: Psychomotor (Performance) Skills

1 2 3 4

! ' f -
Very Poor Poor Good Very Good

Overall Evaluation: Perceptual and Cognitive Skills

1 2 3 4
: 5 t =
Very Poor Poor Good Very Good
Subject
Date
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