
additional delineation for guidance. However, it should
be noted that the increase in speed at night for the a-fter
condition increases the accident potential, since even
the nighttime speeds before installation exceed those
required for a safe stopping distance.

Sa^fe Stopping Distance

For all conditions investigated (before and after), the
actual sight distances were less tha¡ the sa-fe stopping
distances, a finding that indicates that drivers tend to
go too fast for sight distances in fog, It is noted above
that the increase in nighttime speeds since the installa-
tion of the lights raises the accident potential as a re-
sult of the increased stopping dista¡rces required. How-
ever, the low tra-ffic volume encountered on this rural
section of Interstate highway, especially at night, leads
to a decrease in vehicle interaction that lessens the
significance associated with the safe stopping distance.
Also, the improved delineation is thought to help
prevent vehicle stoppages along the roadway.

Headways

A review of the headway data showed little difïerence
in headways between the before and a-fter conditions
during the hours of daylight. However, available data
showed a decrease in nighttime headways (below 3 s)
a-fter the inset lights were installed. This finding,
coupled with results that showed less vehicle queuing in
the after condition, indicates that motorists were using
the inset lÍghts for guidance rather than relying on car
following.

Queuing

There was a deerease in daytime vehicle queuing for the
sight distance of 33.5-45.7 m (110-150 ft) but little dif-
ference within the range of 45.?-61.0 m (150-200 ft). At
night, for both sight distances considered, there was a
decrease in vehicle queuing. There was little difference
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in the numbers of vehicles in the queues. The increase
in headways a¡d decrease in vehicle queuing at night
might indicate a reduction in tìe potential for accidents
under the lighting system. However, it should be noted
that, for severely restricted sight distances before the
system was Ínstalled, vehicles tended to form queues
for the purpose of being led through the fog, which may
be thought of as being safer than having no one to follow.

Lateral Placement

During daylight, the lateral placement of automobiles
was farther from the right edge line a-fter the lights were
installed. Also, the placement was farther from the
edge line during fog for both the before and after periods
tha¡ it was during clear weather conditions. Both auto-
mobiles and tractor-trailers were positioned farther
from the edge line for nighttime fog conditions than for
clear conditions.

Accidents

It would be difficult to surmise what, if any, Íncrease
in accident potential would result from the differences
noted in traffic flow parameters. There has loeen only
one accident during fog conditions since the system of
lights was installed. Also, in a recent subjective
evaluation of the system, more tltan 95 percent of the
motorists intervíewed indicated that they were aided
by the system and 90 percent reported that the lights
reduced their anxiety while driving in fog (!.
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Driver Performance with Right-Side

Ronald R. Mourant, Oakland University, Rochester, Michigan
Robert J, Donohue, General Motors Corporation, Warren, Michigan

The mirror-use behavior of drivers was invest¡gated as they gathered ¡n-
format¡on from rearview mirrors in order to execute freeway lane
changes and merges. Nine drivers (three novice, three experienced, and
three mature) drove a 1973 Buick LeSabre with and without a right-s¡de
fender-mounted convex mirror along a 22.5-km (14-mile) freeway route.
The total time to obta¡n information per maneuver was the same for
both cases. ln a subsequent study, the mirror-use behavior of five sub-

¡ects who drove a 1976 Nova without a r¡ght-side convex mirror was
compared w¡th that of 12 subjects who drove the same veh¡cle with a
right-side door-mounted convex mirror. Again there were no differences
in total t¡me to obtain rear-vision information. Experienced drivers
(mean age = 24) took less time to obtain information when a right-side
convex mirror was available than when it was not; older drivers (mean
aSe = 61 ) took more time. Also, experienced drivers required about 10
h of driving experience to become efficient users of a right-side convex
mirror, while older drivers required considerably more driving experience,

Finally. a comparison of right-side door- and fender-mounted convex
mirrors indicated that the drivers'total time to obta¡n ¡nformat¡on was
the same for each mounting location, but drivers who had the fender-
mounted mirror made a greater number of direct looks to the rear.

Some drivers may find it difficult to obtain the proper
information necessary to execute lane changes and
merges to the right. Factors that contribute to this dif-
ficulty include the following: (a) plane mirrors located
on the right door do not always provide an adequate field
of view, (b) sail panels located at the right rear of the
vehicle can obstruct vision, (c) high head restraints can
restrict the vision of short drivers, and (d) physical af-
flictions and old age can restrict turning one's head to
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Table 1. Subjects' ages and distances
driven, by groups.

Group 1 Group 2 Group 3 Group 4

Distance
Age Driven
(years) (km 000s)

Distance
Age Driven
(years) (km 000s)

Distance
Age Driven Age
(years) (kn 000s) (years)

Distance
Dri ve n
(km 000s)

1

2
J

4
5
6
7

B

I
10
11

t2

16
21
26

¿a
42
48
51

4.0
0.8
5.6

113
130
't2

320
400
560

20 \20
23 80
24 240
47 480
69 480

l7 55 21 39
18 40 27 320
20 24 22 97
20 48 23 48
2t 48 23 9?
21 320 54 80
43 390 55 160
44 160 58 72
49 48 60 80
54 80 61 140
60 80 62 160
63 800

Note: I km = 0.6 mile.

make direct looks to the rear, use of the right-side convex mirror, Older, mature
One way to improve right-rear vision is to mount a drivers have ingrained information-gathering habits and

convex mirror on the right side of the vehicle. A convex therefore will probably take a longer time to become ac-
mirror of relatively small size [13.3 cm (5,25 in) widel customed to the convex mirror. Even though older
and moderate radius of curvature [102 cm (40 in)] will drivers, in general, have poorer vision than younger
provide an adequate field of view (19-200) for detecting drivers, the location of the convex mirror on the right
vehicles located at the right rear of the vehicle. For side of the vehicle places it far enough away from the
calculation of field-of-view requirements, see Sugiura driver so as to eliminate the necessity for large changes
and Kimura (1). in eye accommodation (as well as reducing the need for

Since the r-adius of curvature of a convex mirror is a head turn to the rear), Thus, as noted by Seeser (10),
less than infinity, objects appear smaller than they would older drivers will not need corrective lenses to view-ÏÏ,
in a plane mirror. The viewing of these minified objects 3. How long does it take drivers to learn to use con-
may result in erroneous distance judgments; that is, vex mirrors? Since little is currently known about how
drivers may judge vehicles to be located further to the drivers use a right-side convex mirror as a detection
rear than they actually are. Several investigators have device, especially how it is used in conjunction with in-
studied this problem (\-! ana have found that drivers side mirror glances, it may be difficult to tell when
can misjudge distances when they use convex mirrors. drivers have become highly skilled convex-mirror users.
Walraven and Michon (4) reported that experienced However, since skill learning improves rapidly during
drivers would accept s-maller traffic gaps than inexperi- the early part of training, it will be possible to detect
enced drivers, suggesting that judgment would improve when a learning plateau has been reached.
with training. Also, Mortimer (5) found that, when 4. Does the location of the right-side convex mirror
drivers use the inside mirror inionjunction with an out- (door or fender mounted) affect the method and duration
side convex mirror, misjudgments in distance do not of information gathering? A door-mounted convex mÍr-

"go or no-go. device (Q), distance judgments are irrele- more information, A fender-mounted mirror, on the
vant. In a "go or no-gõ" situation, a driver simply uses other hand, requires only slight eye movement from
the convex mirror to detect a vehicle's presence. If no straight ahead. If the fender- and door-mounted mir-
vehicle is present, the driver proceeds with the maneu- rors are of the same size and convexity, their fields of

occur.
Furthermore, when a convex mirror is used as a

ver, If a vehicle is present, the driver checks its ac-
tual location by using the inside mirror or by a direct
look to the rear.

drivers executed left and right maneuvers in freeway
and city traffic. They found that when a right-side
fender-mounted convex mirror was available drivers
made fewer direct looks to the side or rear of the ve-
hicle than when it was not available.

Questions to be answered by means of the present
research include the following:

1. How does the information-gathering behavior of
drivers change when a right-side convex mirror is avail-
able? Will drivers use the convex mirror in actual traf-
fic situations, and will they take more or less time to
obtain information? A survey by Kaehn (8) found that
drivers of government vehicles who used?ight-hand con-
vex mirrors were impressed by the improved field of
view,

2, Does convex-mirror-use behavior differ accord-
ing to the age of the driver? As Mourant and Rockwell
(9) reported, young novice drivers make very little use
of the left-side mirror and hence are likely to make little

ror requires a greater head turn from straight ahead,
and it permits the use of peripheral vision to obtain

view will be about equal.
5. Does information obtained prior to the decision

to execute a lane change affect subsequent information-

the ilmemory effect" of inlormation obtained prior to
making a decision would be fairly short. This question
was addressed mainly for methodological considerations.
If there is no memory effect, different mirror systems
may be compared by having drivers sample their mir-
rors whenever desired (the natural driving method).
However, if there is a memory effect, then mirrors
should be sampled only after the decision to make a lane
change has been reached,

METHOD

Drivers

Table 1 shows the ages and distances driven for the four
subject groups. All drivers had valid Michigan licenses
and at least 20/40 visual acuity.

Burger and others (? have collected data on driversr gathering strategy? Realization that a vehicle is moving

-l.¿nee 
behador¡¡¡ith.c&vermi¡ror systemrwhile the ttrrougù atonstantlythangingenvÍronnrenfsuggeststhat-



Design

The subjects performed in four groups:

Group Condit¡on

1 Exploratory
2 Training
3 Door-mounted mirror
4 Fender-mounted mirror

Group 1 subjects drove a 19?3 Buick LeSabre first
with conventional mirrors and then with a 102-cm (40-in)
convex mirror mounted on the right front fender. The
conventional mirror system consisted of the inside and
Ieft outside mirrors supplied by the manufacturer. Sub-
jects practiced using the convex mirror for about 200 km
(125 miles) before data collection. In this elploratory
sfudy, subjects 1-3 were novice drivers, subjects 4-6
were experienced drivers, and subjects 7-9 were mature
drivers,

Group 2 subjects drove a 1976 Nova Concours twice
with conventional mirrors, six times with a door-
mounted 102-cm convex mirror, and finally twice again
with conventional mirrors. Before each convex-mirror
run, subjects practiced using the convex mirror for about
about 4 h or 320 km (200 miles). Thus, every subject
had more than 1600 km (1000 miles) of driving experience
with the convex mirror before the start of the sixth
convex-mirror run, Subjects 1-3 were experienced
drivers, subject 4 was mature driver, and subject 5 was
an older driver,

Subjects in groups 3 and 4 also drove the 1976 Nova
Concours, For group 3 the 102-cm convex mirror was
door mounted, and for group 4 it was fender mounted.
Both mirrors provided ã¡out tire same field of view (20o

horizontal) as measured by Society of Automotive Engi-
neers (SAE) recommended practice J1050. After each
subject had driven the Nova for about 12 h or 970 km
(600 miles), four data-collection runs were made. Group
3 subjects 1-6 were experienced drivers, subjects 7-9
were mature drivers, and subjects 10-12 were older
drivers. Group 4 subjects 1-5 were e4perienced drivers
and subjects 6-11 were older drivers.

Procedure

Data were collected as subjects executed lane changes
on a 22.5-km (14-mile) freeway route that had moderate
to heavy traffic. Data collection for each maneuver was
initiated 15 s prior to the execution of the maneuver.
Execution of the maneuver occurred when the leading
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Data Collection Equipment

A closed-circuit television system consisting of four
television cameras, special-effects electronfcs, an
electronic counter, a video monitor, and a videotape re-
corder was installed in the rear passenger compartment
of the test car, Power was supplied from an inverter
connected to the vehicle's battery.

One camera monitored the driver's eyes through a
front surface mirror mounted on the instrument panel,
and a second camera monitored the road scene ahead of
the vehicle. Two additional cameras separately moni-
tored the road scene on the left rear and on the right
rear, The video display from each camera appeared
simultaneously as one of four separate sections of each
television frame, Each frame was also numbered by
the electronic counter; these numbers were then used to
calculate glance durations. An experimenter seated out
of view of the driver in the rear passenger compartment
could view the scenes from all four cameras simulta-
neously on the monitor while the information was being
videotaped.

RESULTS

Mirror Use With and Without a
@
The top part of Figure 1 contains the information-
gathering data for nine subjects (group 1) who drove a
1973 Buick LeSabre with and without a 102-cm-radius
convex mirrot mounted on the right front fender, To
obtain the necessary information for a right lane change,
drivers averaged 2.65 s/maneuver without the use of a
right-side convex mirror and 2.84 s/maneuver with the
use of a right-side mirror. The increase in time with
the use of a convex mirror was not statistically signifi-
cant (t = 0.11; df = B), Note that the number of glances
made to the vehicle's inside mirror decreased when the
convex mirror was available, None of the nine subjects
had any previous driving ex¡lerience with convex mir-
rors, which probably accounts for the approximately
equal amount of time spent making direct looks with
(0.38 s,/maneuver) and without (0.36 s/maneuver) the use
of the right-side convex mirror.

The lower part of Figure 1 contains the information-
gathering data for 5 subjects (group 2) who drove a 1976
Nova Concours without a right-side mirror and 12 sub-
jects (group 3) who drove the same vehicle with a 102-
cm-radius convex mirror mounted on the right door,

Drivers were instructed to align both left and ríght
outside mirrors so that a small portion of the vehicle
was visible in the inboard edge of the mirror. Drivers
were told to use the right-side convex mirror as a "go
or no-go" device. If a vehicle was present in the con-
vex mirror, the driver was to check its location by a
glance to the inside mirror or a direct look. All sub-
jects drove the test vehicle for at least 30 min before
data were collected, so that they could become familiar
with the route and vehicle-handling characteristics.

Before the start of data collection, subjects were
read the following instructions:

You are to execute e¡ther left or right lane changes upon command of
the experimenter. However, please check for possible traffic in the ad-
jacent lane before proceeding to make the lane change, Please use the
convex mirror as a "go or no-go" device. That is, if a vehicle is present,
check its location by a glance to the inside mirror or a direct look to the
rear. lf no vehicle is present in the convex mirror. you may want to pro-
ceed with the maneuver. Do you have any questions?

2 drivers ave 2.95 s/right lane change and
group rs aver se rn trme
with the use of a convex mirror was not statistically
significant (t = 0.46; df = 22). However, driversr
mirror-use behavior when a convex mirror was avail-
able was dramatically different from that observed when
the vehicle had no right-side convex mirror,

Group 2 drivers averaged 0,52 s,/maneuver for direct
looks when the vehicle had no right-side convex mirror,
and group 3 drivers averaged onty 0,04 s/maneuver when
the convex mirror was available. Group 3 drivers made
I'combination looks.l! That is, they sampled the inside
mirror and then moved their eyes directly to the convex
mirror before returning to look at the road scene ahead.
Other combination looks were from convex mirror to
inside mirror and from inside mirror to convex mirror
to inside mirror, These combination looks resulted in
the inside mirror being sampled 1.98 times/maneuver
and the convex mirror being sampled 1.39 times/maneu-
ver,



able than when it was not. However, the novice drivers
averaged sampling the convex mirror every fourth ma-
neuver, while the experienced drivers averaged sampling
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Mirror Use Behavior as a
@

perienced, mature, and novice drivers of a 19?3 Buick
LeSabre. The mature drivers took 3.47 s to obtain in-

2,55 s when no right-side convex mirror was available.
The additional time with the use of the convex mirror
was due to the fact that the mature drivers sampled the
convex mirror on the average of 0,93 times/maneuver.

Figure 1. lnformation-gathering data for right lane changes with
and w¡thout a r¡ght-side convex mirror,

Figure 3 contains the inÏormation-gathering data for
experienced, mature, and older drivers of a 1976 Nova

convex mirror (group 3) averaged less time per maneu-
ver than the experienced drivers who did not have a
right-side convex mirror (group 2), However, the ma-
ture and older drivers who had a right-side convex mir-

formation when the convex mirror was available and only Concours, The e¡perienced drivers who had a right-side

Both the experienced and novice drivers took less time ror (group 3) averaged more time per maneuver than
to obtain information when the convex mirror was avail- the mature and older drivers who did not have a right-

side convex mirror (group 2). These results agreed with
those for the Buick drivers. Note also that drivers made
very few direct looks when a right-side convex mirror
was available.

Training Results

Figure 4 contains the information-gathering data aver-
aged over all group 2 drivers for four control runs (no
right-side convex mirror) and six convex-mirror runs,
After the first convex-mirror run, the frequency of
inside-mirror use alone decreased dramatically. On
convex-mirror runs 3, 4, 5, and 6, the average total
time per maneuver was very close to that of the control
runs. Note also that when the convex mirror was avail-
able drivers made very few direct looks to the rear.

As there are in all training experiments, there were
large individual differences in behavior. Figure 5 con-
tains the information-gathering data for a 23-year-old
male and a 69-year-old male, The younger driverrs
average time per maneuver on convex-mirror runs 4,
5, and 6 (3.20 s) was considerably longer than the aver-
age time on four control runs (2.65 s). Thus, this was
an atypical young driver. Yet his behavior was different
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Figure 4. Effect of train¡ng on information gather¡ng by group 2 for
right lane changes,

Figure 5. Effect of training for two individual subjects.
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run 4 with the door-mounted convex mirror (group 3)
and with the fender-mounted convex mirror (group 4).
Subjects who had the door-mounted mirror averaged
2.86 s to obtain information, while subjects who had the
fender-mounted mirror averaged 2,89 s. This result
might be expected, since the door- and fender-mounted
mimors provided about the same field of view.

However, there were differences between the two
groups in their information-gathering behavior. While
subjects who had the door-mounted mirror averaged only
4 direct tooks/100 maneuvers, subjects who had the
fender-mounted mirror averaged 40 direct tooks/100
maneuvers. This may be due to the fact that use of the
door-mounted convex mirror requires a larger turn of
the eye or head from straight ahead and permits the use
of peripheral vision on the right side. Use of the fender-
mounted convex mirror requires a smaller eye turn from
straight ahead but limits peripheral vision to the right
side.

Memory-Effect Results

Figure I contains the information-gathering data for left
lane changes of a restricted group of drivers (group 4)
and a normal group of drivers (group 3). The restricted
group of drivers was not permitted to sample any mir-
rors between commands to execute left lane changes,
This behavior may be considered "memorylesst' in that
rear-vision information was gathered only after the com-
mand to execute a left lane change had been made, The
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Figure 6. lnformat¡on-gather¡ng data for left lane change.
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from that of the older driver, since his total time on
convex-mimor runs 4, 5, and 6 was shorter than that
on convex-mirror runs 1, 2, and 3. Apparently older
drivers take a much longer time to learn sampling with
the convex mirror than do younger drivers.

As an experimental control, driver mirror-use be-
havior in making left lane changes with the standard
left-side mirror was also analyzed, These results are
shown in Figure 6. Driver mirror-use behavior on the
control runs was the same as that on convex-mirror runs
4, 5, and 6, Thus, such uncontrollable factors as traf-
fic, weather, and driver motivation either had a negli-
gible effect on the control and convex-mirror runs or
they were averaged out,

Comparison of Door- and Fender-Mounted

mirrors continuously, Thus, information gathered just
prior to a command to execute a left lane change may
have been useful in aetually completing the lane change.

The restricted group of drivers averaged more time
per maneuver to obtain information on runs 1 and 2, but
on runs 3 and 4 both groups averaged about the same
amount of time per maneuver to obtain information. On
all trials, the average glance duration to the left outside
mirror was longer for the restricted group of drivers
than for the normal group of drivers, which may indicate
that a more concentrated effort was being made to detect
vehicles by means of the left outside mirror. The re-
stricted group of drivers also made more direct looks
to the rear than did the normal group of drivers, per-
haps because they were unsure whether other vehicles
were present in the area to their left side.

CONCLUSIONS

1, A right-side door-mounted convex mirror is an
acceptable visual aid for drivers in obtaining informa-

Mean T¡me Per Maneuver (seconds)

Figure 7 contains the information-gathering data for
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Figure 7. lnformat¡on-gathering data for right lane changes with |"iï,Y":,t9** 31,1i:."
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Figure 8. lnformation-gathering data for left lane changes for the
normal and restricted group.
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tion for right lane changes, The convex mirror enables
drivers to substantially reduce the number of direct
looks to the side and rear of the vehicle. Thus, short
drivers and drivers who have physical afflictions that
prevent head turns can effectively obtain information to
execute right lane changes.

2. Older drivers spent more time sampling mirrors
(plane and convex). This is supported by Kretovics (11),
who found that older drivers turned their heads fartheT
toward the mirror than younger drivers.

3. The use of the right-side convex mirror does not
affect the use of the left-side plane mirror. Drivers
took the same amount of time and used the same tech-
niques to acquire left lane-change information whether

Rearview Mirrors. Society of Automotive Engi-
neers, Technical Paper ?40961, I914.
P. L. Walraven and J. A. Michon. The InfLuence
of Some Mirror Parameters on the Decisions of
Drivers. Society of Automotive Engineers, Tech-
nical Paper 6902?0, 19?0.
R. G. Mortimer. The Effects of Convex Exterior
Mirrors on Lane-Changing and Passing Performance
of Drivers. Society of Automotive Engineers,
Technical Paper 710543, 19?1.
R. R. Mourant and R. J. Donohue. Acquisition of
Indirect Vision Information by Novice, Experienced,
and Mature Drivers, Journal of Safety Research,
Vol. 9, 19??, pp. 39-46.
W. J. Burger, J. D. Beggs, R. L. Smith, and J.
W. lVulfeck. Studies in Motor-Vehicle Rear Vision:
Il-Evaluation of Innovations in Passenger Car and
Truck Rear-View Systems. U.S. Department of
Transportation, DOT-HS-801-258, Nov. 1974.
C. Kaehn. Evaluation of a New Automotive Plane-
and Convex-Mirror System by Government Drivers,
Society of Automotive Engineers, Technical Paper

4.

6.

the vehicle was equipped with a right-side convex
ror or not.

4. A fender-mounted convex mirror resulted in more
direct looks to the side and rear of the vehicle than did
a door-mounted convex mirror. Even though the fields
of view for the fender- and door-mounted mirrors were
about equal, drivers who used the door-mounted mirror
apparently obtained information from their peripheral

rect looks to the right rear.
5. It appears that drivers do not rely on information

obtained before a command to make a latre change. Since
freeway traffic is so dynamic-i,e,, vehicles move at
88 km/h (55 mph) and there are multiple laneslrivers
must obtain information immediately prior to the execu-
tion of a lane change. This makes previously obtained
information of little value.
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D is cu ssion
Thomas H. Rockwell, Department of Industrial and Sys-
tems Engineering, Ohio State University, Columbus

The authors are to be commended for their approach to
this problem; indeed, the use of field studies for evalua-
tion purposes is essential, albeit at some sacrifice of
experimental control, Several of their experimental
findings are consistent with my own work in mirror use,
Glance durations are about right, although I would also
like to see individual subject means and variances, since
aggregation of the rate removes intrasubject and inter-
subjeìt variation.

The paper is silent about the explicit instructions
given to the subject and about the effect of traffic on in-
dividual maneuvers. I suspect that the velocity and den-
sity of the following traffic in relation to the subjecils
car would influence glance frequency and duration, as
would the headways of automobiles directly ahead of the
subject driver. These variables are difficult to mea-
sure, let alone control. I would like to have seen a
components-of-variance analysis of key dependent mea-
sures as they were affected by such independent variables
as lead-automobile headway, relative velocity and
spacing of traffic following in the right lane, age, sex,
and subject strategy.

The lack of sample sizes probably prohibited good
estimates of intersubject and intrasubject variation, al-
though both of these give insights into the quality of ex-
perimental control and interpretation of results.

The idea of using the left-side mirror sampling as
an experimental control was an excellent one, partic-
ularly for trip-duration effects and driver attentiveness
and less so for traffic effects, The authors' concern that
peripheral vision may account for the sharp differences
in mirror sampling for the fender- versus door-mounted
mirrors is probably valid (40/100 versus 4,/100 maneu-
vers). I understand that the door-mounted position was
about 800 from line of sight. Data from an Ohio State Univer-
sity (OSU) study of 48 drivers (using their own cars in
freeway lane changes and merges) that involved 7000
mirror samples indicated that head turns cover 50 per-
cent and eye movements 50 percent of the angle between
line of sight and the mirror (11). A 40ô head turn in this
case (to use the door-mounteã'-inirror) might have aI-
lowed peripheral detection of target automobiles.

The OSU study also showed that age effects are sig-
nificant in glance durations and head turns, but we found
older drivers making greater head turns than younger
drivers. (Older in this case was defined as over 45.)
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As to the final judgment on convex mirrors, I be-
lieve that this must wait until we ascertain the quality of
resultant maneuvers and can be assured of minimal ac-
climation time. I presume from the paper that the ex-
periments were not conducted in high-density traffic
with its attendant stress. This condition might be the
ultimate test of convex mirrors as aids to information
acquisition in driving.

Robert L. Henderson, National Highway Traffic Safety
Administration

My remarks are directed, by request, at providing ad-
ditional data on the general subject of convex mirrors
rather than diseussing the authors? paper,

I would like to describe briefly a National Highway
Traffic Safety Administration (NHTSA) contract I am
managing that will eventually examine a rather large
number of rearview mirror systems, It is being con-
ducted for us by Bill Burger at Vector Research. The
basic objective of the study is to evaluate driver mirror-
use behavior while performing in-traffic maneuvers,
The study uses a variety of mirror systems designed to
meet the requirements of a proposed new federal motor
vehicle safety standard. Measures of mirror and direct
glance frequency and duration similar to those reported
by Mourant and Donohue will be the major criteria mea-
sures, A repeated-measures design will be used in
which the same 12 subjects will use all mirror systems.

Data collection on this main portion of the study is
now in progress. The data I will present today were
collected in the first phase of the study for the express
purpose of selecting the radius of curvature for the
convex-mirror component of those systems that use con-
vex mirrors.

The literature indicates that a 51-cm (20-in) radius
of curvature is probably the maximum usable convexity
because of image minification and distortion. At the
other extreme, when the radius exceeds about 203 cm
(80 in), the limited gain in the field of view over a less
expensive plane mirror does not justify the added cost.
We have selected four specific values from within this
range for this study-5L-cm, L02-cm (40-in), 140-cm
(55-in), and 203-cm radii of curvature. Unlike some
past studies in which mirror size is held constant as
convexity varies, we held field of view constant for all
convexities by varying the size of the mirrors. The

patterns among older drivers, perhaps indicating less
confidence in peripheral detection. We also found that
sex, driver height, and automobile size had little effect
on left-side and inside mirror sampling.

The issue of memory probably is more important
when drivers overtake vehicles and refurn to the right
lane and may account for certain mirror sequence sam-
p1ing. In that regard, were the differences in certain
combinations of mirror sampling found in group 3 (and
in group 4) and not in group 1 the result of automobile
type or e4perience?

The authors are encouraged to plot glance frequency
against glance duration; i.e., do successive glances pro-
duce shorter durations? Finally, we need to probe for
the driver's strategy in mirror use; i.e., does the driver
depend on the convex mirror for detection, evaluation,
and decision information or does he or she use the con-
vex mirror for detection and use other mirrors or di-
rect looks and memory for the evaluation and decision
processes?

optimum convexity and, if there is, whether that optimum
value varies as a function of the presence of other mir-
rors in the system,

METHOD

Three vehicles were used; each vehicle had a mirror
system designed specifically to meet the requirements
of the proposed new mirror standard, The vehicles
were a passenger automobile, a light truck, and a van.
Two Wpes of mirror systems were employed on the auto-
mobile. The first type used two plane mirrors: one in-
side and the other on the left outside. Each of these
mirrors was slightly larger than that found on passenger
automobiles today. The second type used a left outside
plane mirror somewhat larger than standard, a standard
inside plane mirror, and a right outside convex mirror,
The convex mirror (radius of curvature of 51, 102, 140,
or 203 cm) was systematically varied.

The second type of automobile mirror system was
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also used on the van and the pickup. In addition, these
two vehicles were tested with a combination plane and
convex mimor on each side and with a single convex
mirror on each side. The convexity was again varied
among the four levels described earlier,

A semidynamic test condition was used to obtain dis-
tance, speed, and gap-acceptance judgments. Subjects
viewed a target automobile approaching their own static
vehicles through the mirror system of interest, Each
of 12 subjects was tested by using each of 45 rearview
systems properly counterbalanced in a repeated-
measures design. These same 12 subjects will be used
later in our on-the-road studies. A total of 11 BB0 trials
were run. Each subject has two blocks of eight speed
and distance judgments and six lane-change judgments
for each mirror system. For all trials, subjects also
performed a forward tracking task for perceptual loading.

RESULTS

1. Learning: Significant learning effects were noted
for all mirror systems. Because of the counterbalanced
order of presentation, no clearcut and consistent learn-
ing curves were noted for specific mirror systems, In
spite of the relatively large number of trials, it appears
that learning is still taking place after approximately
900 trials, indicating that learning to use convex mirrors
is a long-term phenomenon,

2. Relative distance error: Examination of the over-
all relationship between convexity and overestimates or
underestimates of distance indicates some trends, but
the magnitude of the differences is so slight as to indi-
cate no practical significance.

3. Absolute distance error: There was little dif-
ference in average error as a function of mirror con-
vexity. The same is true for the standard deviation.
Although some of the differences were statistically sig-
nificant, the practical differences are trivial,

4. Gap acceptance: We found small but fairly con-
sistent trends toward better gap-acceptance performance
from larger-radius mirrors. Best performance at all
convexities was found in mirror systems in which a plane
mirror was in close proximity to the convex mirror,

5. Subjective ratings: Perhaps the clearest and most
consistent trends were found in the subjective ratings.
Highly curved mirrors were consistenily judged to be
more difficult to learn and to produce less confidenee
than less highly curved mirrors.

Rudolf G. Mortimer, Department of Health and Safety
Education, University of Illinois at Urbana-Champaign

Historically, U.S. automobiles have been fitted with
plane interior and exterior mirrors, The field of view
available from a plane mirror is determined by the size
of the mirror and its distance from the eyes of the
driver. With respect to the exterior left-side mirror,
the lateral field of view can be increased by increasing
the size of the mirror along its horizontal axis. While
there are some limitations on the extent to which the
mirror can be extended (due to limitations on the over-
all width of motor vehicles), it is possible to obtain im-
provements in the horizontal field of view to the left of
the vehicle by improving the design location of the ex-
terior left-side mimor and increasing its width. How-
ever, this is not feasible with a plane mirror mounted
on the right side of the vehicle, because of its much
greater distance from the eyes of the driver.

A simple solution to increasing the field of view from
exterior mirrors is to use convex mirrors, Convex
mirrors have been used by European and British drivers
for years, mounted on the door or fender; a significant
precedent therefore exists to suggest that they can be
used safely, However, U.S, manufacturers have not
felt that American drivers would willingly accept convex
mirrors and have been concerned with the effects that
such mirrors can have on distance judgments because
of the minification of objects,

To this end, a number of studies have been completed
during the last decade concerning the ability of drivers
to make various kinds of judgments related to the use
of rearview mirrors in order to compare performance
with plane versus convex exterior mirrors. These
studies have used various types of measurements, such
as the frequency and duration of glances in interior and
exterior mirrors (!!), detectability of vehicles in dusk
or dawn illumination (3), subjective evaluations of the
effects of headlight gla-re in rearview mirrors (3), dis-
tance judgments (13), and gap-acceptance judgmlents
(e-Ð.

As Mourant and Donohue have pointed out in their
paper, the balance of these studies indicated that drivers
overestimate the distance of a vehicle seen in a convex
mirror, i.e., judge it to be further away than it really
is, although, in a normal driving situation, when a driver
also has available the plane interior mirror, the judg-
ments made when a convex exterior mirror or a plane
exterior mirror were used were the same. Thus, it
would appear that drivers can make safe judgments with
exterior convex mirrors, though their eye-fixation pat-

These data provide very little guidance for selecting
the convex-mirror component of the systems we are

are evident, in most instances the magnitude of the ob-
served differences is so small as to håve little practical
significance. Consequently, we selected the convex-
mirror components after considering the general litera-
ture, the trends observed in our data, the extent of the
obstruction to direct field of view, and judgments con-
cerning what manufacturers might prefer for aesthetic
reasons or for overall standardization. For your in-
formation, we are using 140-cm radius of curvature for
the right outside mirror for all systems that involve
plane mirrors on the inside and left outside. For truck
and van systems that use combination plane and convex
mirrors on both sides of the vehicle, we are using 51-
cm-radius convex mirrors. For the truck and van sys-
tems that use a single convex mirror on each side, the
102-cm radius of curvature was selected.

I appreciate the opportunity to describe this project
and hope that next year we will be able to report the re-
sults of the on-the-road study.

terior mirror was used,
The present study was concerned with eye-fixation

behavior of drivers who used plane and convex exterior
mirrors mounted on the right side of the vehicle. Two
locations were selected for mounting of the mirror: on
the right door and on the right fender. Other variables
investigated were the effect of driver experience and age,
effects of learning, and the effect of information obtained
from rearview mirrors shortly before the decision was
made to execute a lane-change maneuver, which the
authors termed the memory effect.

The authors used a video recording technique to as-
certain the frequency and duration of glances made by
drivers in lane-change maneuvers and measured the fre-
quency and duration of glances in each of the rearview
mirrors. The emphasis in the study was on the compari-
son of mirror use with and without a convex mirror on
the right side.

It is important to note one aspect of the instructions
given to the subjects. The subjects were told to use the



right-side convex mirror as a "go or no-go'r device.
Furthermore, if a vehicle was noted in the convex mir-
ror, the driver was to check its location by a direct
glance to the rear or by use of the inside mirror. Thus,
any findings from this study will be limited because of
the nature of the instructions given to the subjects about
how they should use the convex right-side mirror'
Clearly, the instructions were such that subjects were
discouraged from using the right-side convex mirror
to make estimates of distance or relative velocity of a
vehicle seen in the right lane before making a lane
change. One effect of this type of instruction would
naturally be to increase the proportion of direct glances
the drivers would make when using a right-side convex
mirror in relation to driving without it' Based on the
data presented (for example, in Figures 3 and 4 there
were relatively few direct looks to the rear when a con-
vex mirror was used and there were relatively few
glances from the convex mirror to the inside mirror),
it appears that there were few occasions when there was
a vehicle visible in the convex mirror at the time that
a decision to make a right lane-change maneuver was
made. There is no indication given in the paper as to
the proportion of maneuvers in which a vehicle was rea-
sonably close to the subject's vehicle when the command
was given to execute the maneuver, either when the
right-side mirrors were in use or without them. It
would seem that this could have been an important piece
of data that should have been available from the video
recordings and might have been taken into account in
o<plaining some of the findings.

I was somewhat concerned that there were relatively
few subjects used in some of the conditions. For ex-
ample, the findings in Figure 2 are based on the result
of only three subjects in each of the age and experience
groups, So few subjects would scarcely be enough to
allow reasonable differences to be discovered between
categories of this variable.

However, it was refreshing to see the findings in
Figure 6, which indicated that, when mirror-use be-
havior was observed in left lane changing for the five
subjects in group 2, the performance in left lane-change
maneuvers was very similar when the vehicle was
equipped with a right-side convex mirror and on a set
of control runs when it was without the right-side mir-
ror. This indicates that the overall procedure appears
to have a good degree of reliability, at least when 60

or more maneuvers are involved.
The authors also address the effect of the age of the

drivers. In this case, there were substantially more
in the two 2 and 3) that

were used for this comparison, which
perienced drivers required less time to obtain mirror
information than mature and older drivers when a right-
side convex mirror was available, whereas without the
right-side convex mirror aII three groups required ap-
proximately the same amount of mirror information-
gathering time.

A comparison is also shown, in Figure ?, between
door- and fender-mounted right-side convex-mirror per-
formance, This figure appeared to be based on the com-
parison of the performance of the 12 subjects in group
3 and the 11 subjects in group 4 who had a mean time to
obtain rear-vision information of 2,86 s and 2.9 s, re-
spectively, for the door-mounted and fender-mounted
convex mirror. It appeared to me, however, that this
comparison was confounded by differences between these
two groups. Group 3 was described as carrying out the
experiment in the normal mode of mirror scanning,
whereas group 4 was restricted in scanning behavior;
i,e,, the subjects were not permitted to scan the mir-
rors until the command had been given by the experi-
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menter to begin a lane-change maneuver' The purpose
was to permit evaluation of the memory effect' It seems
to me that these two groups should not be used to com-
pare another variable. The effect of fender mounting
versus door mounting of the convex mirror could per-
haps be obtained from the data obtained on group 1, which
carried out the normal task with a fender-mounted con-
vex mirror on the right side, compared with group 3,
which performed the task with the convex mirror mounted
on the right door, In that comparison, the mean time
to obtain information was 2.84 and 2'86 s for the fender-
and door -mounted convex mirrors, respectively.

The concept of eva-luating the memory effect is cer-
tainly an interesting one and shows that the authors were
sensitive to many subtle variables that could affect
driver behavior with rearview mirrors. This effect was
evaluated by comparing a group operating in the normal
mode with a group operating in the restricted mode in
maling left lane-change maneuvers. While the
information-gathering time was substantially longer on
the first two (out of four) trials in the restricted group,
indicating a potential memory effect, there were no dif-
ferences in the subsequent two trials. While this might
indicate that the memory effect had been erased by the
third and fourth trials, I feel that this is not likely. Is
it possible, for example, that a motivational effect was
operating, due to a slightly greater stress imposed on
the subjects and the interaction with the experimenter,
who called out the command to begin the lane-change
maneuver?

Based on the viewing behavior that was measured in
this study, it does seem reasonable that convex mirrors
could be used on the right side of the vehicle. The total
amount of time spent viewing mirrors was not increased
significantly by the addition of this third mirror on the
right side. Certainly, a convex right-side mirror of
adequate size and moderate radius of curvature, such
as that used in these studies, would greatly improve the
field of view to the right of the vehicle, where the pres-
ent use of a plane mirror or no mirror at all provides
a potentially hazardous blind spot'

Although this study indicated that the fender-mounted
convex mirror resulted in more direct looks to the side
and rear of the vehicle than did a door-mounted convex
mirror, this should not be taken to imply that a fender-
mounted location is undesirable, Location on the fender
has some additional advantages, such as actually pro-
viding a greater field of view to the right' This is par-
ticularly valuable in dense traffic when another vehicle
is close by on the right side and potentially outside the
field of view of a door-mounted mirror but visible in a
tencter-molrnted mrrror. Èieconcuyt a renqer-mounleo
mirror requires less divergence of the eyes from the
forward field of view, which is the most important Io-
cation to be scanned by the driver in normal driving
situations.

This study has been useful in taking a look at age and
maturational factors. Certainly, more data of this type
would be valuable.

In this context, the authors have studied the memory
effect, which was of considerable interest and requires
further study. The memory effect could be particularly
important in those emergency situations where there is
little time to obtain additional visual information and a
rapid decision must be made as to the most appropriate
evasive maneuver to make. In such casesr there may
be little or no time for adequate mirror scanning to de-
termine the locations of other potential vehicles, and the
memory effect could be of critical importance. Eye
fixations of e¡perienced drivers indicate that they scan
the environment all around the vehicle frequently; it may
be premature to suggest that drivers do not retain an
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appraisal of the location of other vehicles around them
in short-term memory,

FinaIIy, one might legitimatety ask what the relevance
of obtaining frequency and duration of glance behavior
in mirrors is in relationship to accidents in which rear-
vision information may have been inadequate? The over-
all duration of mirror glances would be important in
those situations where little time is available to make
a decision in an evasive maneuver, On the other hand,
the quality of the information that is obtained is also
critical. Thus, one might ask whether drivers obtain
more accurate information concerning the location, dis-
tance, and relative velocity of other vehicles with a
right-side convex mirror than with no mirror on the
right side and how safe the resulting lane-change maneu-
vers are, The latter question was not addressed in this
study, This raises the issue of the relevance of per-
formance criteria in rear-visibility sfudies. perhaps
such criteria carurot be structured properly until more
information becomes available as to the underlying
causes of crashes that involve inadequacies in visibility
to the rear.
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Authors'Closure
Both Mortimer and Rockwell had positive comments on

the use of left lane-change data for experimental control
purposes. These left lane-change data indicated that
the effects of traffic, weather, and driver motivation
were averaged out when computed over 60 left lane-
change maneuvers, These data may also serve as a
standard reference when considering driver search
behavior with reference to left lane changes. In this
regard, the data show that drivers made only six direct
looks to the rear while executing 12? left lane-change
maneuvers. However, drivers did rely heavily on their
left outside mirrors; they looked at them more than twice
per maneuver,

Concerns were voiced about the small number of sub-
jects in the study of age effects. We agree that more
data should be collected on this very important variable.
The data could be used to develop aids and countermea-
sures for the older driver. Perhaps older drivers will
find convex mirrors useful, in that they will partially
eliminate the need for head turns to the right rear.

It should be noted that all data were collected while
driving on freeways in the city of Detroit in moderate
to heavy traffic. We considered this to be a very de-
manding task for most drivers, Thus, instructions to
the zubjects probably had very little effect on driver
performance, Many times, when the experimenter gave
the command to execute a lane change, other traffic in
adjacent lanes prevented the subject from immediately
executing the maneuver, Thus drivers had to search by
using their mirrors or by making direct looks to deter-
mine when to proceed with the lane change. Because the
traffic flow on the freeways was always moderate to
heavy, it had little effect on comparisons between door-
and fender-mounted mirrors,

Since the data in this study have shown that the use
of a door-mounted convex mirror has reduced the fre-
quency of direct looks per 100 maneuvers from 40 (with
no right-side mirror) to 4, we believe that automobile
drivers will have no problem in using a right-side con-
vex mirror.

Publication of this paper sponsored by Committee on Visibility.

Human
In-Vehicle Route Guidance
Con¡a,{ L. Dudek, Te:<as Transportation Institute, Te¡¡as A&M University,

College Station

This paper considers füe development and mâintenance of credibility
in the design, implementation, and operation of a route guidance syi-
tem. Because drivers will have positive att¡tudes about a system that
provides them with relevant, reliable, and accurate informãtion, all
precaut¡ons must be taken to ensure that these driver expectations are
met. Mæsages must be presented clearly and must allow ample time
for the driver to respond to a given s¡tuation, Factors thãt a¡fect
reading time of displays include driver work load, message load, mes-
sage length, message familiarity, and display format. ln order to main-
tain driver credibility, surveillance must be an integral part of a route
guidance system. Such surveillance must be able tõ deiect adverse
condit¡ons, val¡date the adverse condit¡ons, and determine the nature
and scope of the problem. Electronic sensor surveillance, however, has
some limitations. Because it is a blind system, (a) some form of visual

validation and assessment of incidents to ensure the accuracy of dis-
played messages and (b) some guarantee of adequate system mainte-
nanoe are necessary. A "forgiving" system--one that alerts the dr¡ver
and provides instuct¡ons about how to rcturn to a scheduled route
after a d¡version-must also be considered.

An important consideration in a successful route
guidance system for the United States (where success
is measured by achieving desirable driver response) is
to develop and maintain credibility, that is, driver faittr
in the system. The quickest way to fail is to lose driver
confidence. The most elaborate and costliest system can




