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SUMMARY

Turn and hazard warning signals were evaluated to deter-
mine appropriate flasher design parameters. Flash rate, duty
cycle, start mode, color, and rear lighting system configura-
tion were evaluated objectively in both day and night condi-
tions. A subjective evaluation of flash rate and duty cycle
was also conducted. These subjective data indicated that flash
rates between 40-180 cpm produced subjectively "satisfactory"
signals. The relationships between flash rate, duty cycle,
nominal voltage maximum light output, and light contrast ratio
during voltage on and off phases, were explored. Response time
data generally indicated that flash rates of 20-60 cpm were
inferior to flash rates of 120-180 cpm. Duty cycle was found

to have little influence on response time for flash rates of

" n

20-180 cpm. However, "on" time values under 25% or over 80%
elicited long response times when paired with non-compatible

flash rates.

Low "on" times i.e., 25% and 30%, were found to produce
signals of reduced intensity for the first two flashes of a
type 1157 bulb. High flash rates were found to decrease
voltage on/voltage off light output ratios such that at short

on" times there was insufficient intensity produced in the on

cycle and at long "on" times there was insufficient decay pro-

duced in the off cycle.

Recommendations were made as to areas of turn signal and/
or flasher specification that should be included in the FMVSS
108 Standard. Among these areas were specification of flash
rate and duty cycle for the first 5 flashes, specification of
a minimum effective intensity required to apply to all flashes,

and specification of a voltage on/voltage off light contrast
level of 5:1.

Recommendations were also made regarding potential changes

in parameters included in the current standard. Among parameter

ix



changes recommended were allowance of flash rates of 80-180
cpm and duty cycles of 25 to 85% "on" times when these para-
meters are combined in such a way that they can produce a
flashing signal capable of producing acceptable intensities

and response times.

Further research was recommended to test school bus
"loading" lamp systems for compliance with the SAE J887 provi-
sion regarding "full brightness." Alternatively, the language
in SAE J887 could be modified in FMVSS 108 to require some

other specification for the "on" period.

Research should also be conducted on the effectiveness of
strobe lamps as flashing signals for school buses, turn signals,

hazard warning signals, and emergency vehicles.

Also, the magnitudes of the problems caused by adding
additional electrical load to fixed load flashers should be
determined. The popular use of rental trailers, add-on campers,
and recreational trailers for transporting boats, snowmobiles,

motorcycles, and ATV's has made this a serious problem.

Flashing deceleration signals may be designed to operate

in various manners. Experimental work is required to evaluate
various operational dimensions. Among important considerations
are the following: incandescence vs strobe, intensity (or levels
thereof), flash rate (continuously variable or number and specifi-
cation of levels thereof), deceleration levels for activation (or
continuously variable), location (combined or separated from other
functions), color, and confounding effects with turn or pumped

brake signals.



INTRCDUCTION

It is obviously very difficult to attempt to establish the
extent to which turn signal lamps and hazard warning lamps, in
proper operating condition, influence highway safety. It will be
even more difficult to attempt to assess the role of malfunctions
in these types of signals or changes in their operating charac-
teristics, such as the flash rate or the "on-off" ratio. However,
a recent analysis of rear-end collision data (Mortimer and Post,
1972) did show that such collisions involved a turning vehicle
quite frequently. The authors concluded that the frequency of
rear-end crashes involving turning vehicles appeared to be greater
than would be expected based on the estimated proportion of
vehicles turning compared to those going straight. However, it
should be understood that the exposure of turning vehicles com-
pared to those going straight is not known. Thus, the analysis
showed that turning vehicles may be overinvolved in being struck
in the rear. At the same time, it must also be noted that it
was not known to the authors if the driver of the struck vehicle
had used the turn signal indicator, or whether it was functioning.
Other data (Mortimer, Domas and Moore, 1974) showed that, in Ann
Arbor, about 12% of drivers making a left turn and 23% of drivers
making a right turn did not give a signal. Using these estimates,
which are somewhat higher than have been reported elsewhere (Zol-
tan, 1963), it could be suggested that the same proportion of dri-

vers did not signal of those which were struck in the rear.

The Mortimer and Post analysis (1972) also showed the rela-
tively high involvement in injury producing rear-end collisions
of vehicles that were parked and struck from the rear. In some of
these instances, vehicles which were standing on high speed roads
were struck in the rear. Unfortunately, the reports of these
kinds of accidents did not provide any information as to whether

or not hazard warning flashers were in use.



Turn signals are also used for indicating lane changing.
While lane changing maneuvers appear to account for only a small
proportion of collisions (Mortimer and Vandermey, 1971) it is
possible that an appropriate signal could aid in reducing such
crashes. Again, however, as with turn or hazard warning signals,
these must be activated by the driver and although there have
been no data reported recently concerning the frequency with which
drivers signal lane changing, common observation indicates that

this behavior does not occur as often as it should.

In addition to insufficient use of turn and hazard warning
signals by drivers, the effectiveness of such signals is also
reduced by malfunctions in various components associated with these
signals. There are numerous types of failures which occur in the
signal circuitry, and these have not been adequately described by
reports concerned with motor vehicle inspection. In order to
- overcome, at least partly, this deficiency in information con-
cerning the specific malfunctions associated with vehicle signal
systems, HSRI conducted a detailed inspection on about 500 vehicles
with the cooperation of their drivers (Mortimer, Domas and Moore,
1974). These data were augmented by unobtrusive observations made
on about 8000 passenger cars and light trucks. The report describes
the findings of specific malfunctions associated with the vehicle
lighting and signaling components, including those which affect
turn signal and hazard warning signal operation. The findings indi-
cated that turn signal and hazard warning signal system component
failures were somewhat related to the type of rear signal system
used on the vehicle, such as whether lamp redundancy existed or

lamps were separated by function.

As a means of providing some insight into the relevance for
safety of failures in the turn and stop signal circuitry, some
driving simulator studies were carried out in which these effects

were evaluated for different rear lighting and signaling displays.



The findings of those studies have some implication for the objec-
tives of the present study, and indicated, for example, that there
may be some benefits to be derived from the use of variable-load
flasher units, on those vehicles, at least, which use redundant
lamps. The findings also suggested that there may be some bene-
fits from the use of flashers which start in the "off" cycle

(Mortimer, Domas and Moore, 1974).

The present FMVSS-108 Standards affecting turn and hazard
warning signal flasher operation refer to SAE standard J590b and
J945, which in turn were based largely on evaluations carried out
by the Vehicle Lighting Committee of the Motor Vehicle Manufactur-
ers Association, of the U.S. Those studies were entirely subjec-
tive in nature, but did consider a large number of variables. 1In
this study, further consideration was given to the determination
of bounds on the operating characteristics of flashing signals by
means of subjective and objective measures. Additional variables,
such as thermal inertia of the filaments of the lamps and various

rear signaling displays, were evaluated.






1. FAILURE RATE OF FLASHING SIGNAL SYSTEM ELEMENTS

A study by Mortimer, Domas, and Moore (1974) surveyed auto-
mobile rear lighting system malfunctions. As part of that study,
521 vehicles were closely examined to determine the functioning of
all rear presence and signaling lamps. The survey was conducted
at Ann Arbor area gas stations, a drive-in window of a local bank,
and in the HSRI employee parking lot. Table 1.1 shows the percent
of vehicles with various rear signal lamp malfunctions. .The data
specifically relevant to turn signals are outlined. Hazard warn-
ing system data are not available, but the only additional malfunc-

tions would come from defective hazard warning switches and flashers,

In vehicles where one lamp had several signal functions, 2.2%
had the lamp on one side out entirely, and 1.7% had the lamps on
both sides out entirely. When multiple lamps were used with com-
bined signal functions 1.4% of the vehicles had one side entirely
out and the other side partially out. In vehicles having a speci-
fic turn signal lamp which served no other function no bulb fail-

ures were found.

Turn signals on at least one side were on steady 0.9% for
single lamps with combined signal functions, 2.7% for multiple
lamps with combined signal functions, and 1.5% where the turn sig-
nal lamp served no other function. Turn signals on at least one
side were flashing improperly (usually too short an on time or too
high a flash rate) 2.6% for single lamps with combined functions,
4,1% for multiple lamps with combined functions, and 2.9% where
the turn signal lamp served no other function. No turn signal
switch or other circuitry failure was found where the turn signal
lamp served no other function. However, failures of 1.7 and 1.8%
were found for lamps with combined signal functions. Malfunctions

increased with vehicle mileage.

In summary, malfunctions of 1 to 4 percent were found with
improper flashing the greatest malfunction. Malfunctions were

correlated with vehicle mileage.
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2. EFFECT OF FLASHER MALFUNCTIONS ON VEHICLE SAFETY

The question of whether a defective light flasher is an acci-
dent causation factor can be answered to a certain extent by empir-
ical evidence. Flasher failures can normally be expected to have
an influence only in multiple vehicle accidents where one or both-
vehicles would have occasion to use their flashers, and flasher
failure could be a causation factor. For the purposes of this re-
port these accidents are taken to be those where one vehicle is
turning (left or right) and the other vehicle is going straight
(in the same direction or opposite direction to the turning vehicle).
The vehicle whose flasher failure could be a factor in this type of
accident would be the turning vehicle. On the other hand, those
accidents in which both vehicles are traveling straight (in the
same or opposite direction) are considered to be uninfluenced by

the turn signal flasher failure of either vehicle.

The desired analysis would have to first assume that there are
no confounding factors that affect the relationship between flasher
operating status and whether a vehicle is struck in a flasher-affect-
ing accident or a non flasher-affecting accident. Then, using an
accident file in which flasher operating status is coded for the
vehicles, determine the percentages of vehicles with failed flash-
ers in flasher-affecting accident types, and in non-flasher affect-
ing accident types. The test of the hypothesis that flasher oper-
ating status is independent of accident type is made by determining
if vehicles with failed flashers are overrepresented in flasher-
affecting accidents when compared with non flasher-affecting acci-
dents. If not, then it must be concluded that flasher status is
independent of the type of accident in which the vehicle is struck.
Thus, flasher failure would not be an accident causing factor, given
the assumption. However, if there is an overrepresentation, then
it must be concluded that flasher failures do affect accidents,
given the assumptions.

Unfortunately, such an analysis is impossible. There is no
accident file in which flasher operating status is coded. Our

alternative approach albeit, not as satisfactory, is to obtain a



surrogate variable for flasher failure that is coded in an accident
file. This surrogate variable is taken to be vehicle age.

The state of Michigan uses a checklane system of vehicle inspec-
tion. This system involves the establishment of temporary check-
lanes along the roads of Michigan. Vehicles are pulled over at ran-
dom and given an inspection which includes a determination of the
operation of the front and rear turn signal lamps. The results of
these inspections are recorded in a file maintained by HSRI. Evi-
dence from this file, as presented in Table 2.1 and Figure 2.1, indi-
cates a positive correlation between vehicle age and the probability
of lighting system failure. While the flasher is a different system,
its failure would be recorded in this file as a failure of the lighting
system, and therefore the assumption of a positive correlation be-
tween vehicle age and flasher failure is probably correct. Other
evidence derived from surveys (Mortimer et.al., 1974) has also
shown a relationship between number of rear lighting system malfunc-
tions and vehicle age.

The use of the age of the vehicle in place of flasher status
is not completely satisfactory because if there is indeed a rela-
tionship between flasher failures and accident type, the empirical
evidence of this relationship would be weakened by this substitu-
tion of variables. Some older vehicles may not have flasher failures,
while some new ones may, even though the probability of failure is
greater for older cars. Furthermore, the assumption must be made
that there are no factors confounding the vehicle age/accident rela-
tionship, an assumption that may not be as acceptable as the previ-
ous one.

Given that the vehicle age/accident assumption is made, the
rest of the analysis is straightforward. Three accident files
were consulted: Bexar County, Texas (San Antonio) ; Washtenaw County,
Michigan (Ann Arbor) ; and Oakland County, Michigan (Pontiac).l
Because of the weakening of the evidence for flasher involvement,
it is not possible to state that in any one file there is a sig-
nificant difference in the age distribution of struck vehicles in

flasher-affecting versus non flasher-affecting accidents. However

lSee note on page 14 for a description of these accident files.
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TABLE

2.1 Probability of Lighting System Failure With Vehicle Age.

Age (years)

0 1 2 3 4 5 6 7 8 9 10
Prob.| .018|0.024{0.052|{0.066(0.088|0,128{0.151|0.249{0.268(0.247{0.280
N 1082 952 786 799 740 569 457 414 295 178 168

TABLE

2,2 Percent Distributions of the Age of Vehicles Struck While
Turning Versus Going Straight.

Age (years)

0 1 2 3 4 5 6 7 8 9

Turn 12,213.111.4|11,1{10.2(8.9(8.2(7.2 5(12.2{100.0 N=15708
Straight|14.3(14.5{12.8{11.3|10.9(|8.6{7.9{5.8{5.0| 9.0{100.0 N=17930
X2 =354.5 Prob.[age is independent of turn

(9) vs. straight accident] < 0.001
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when all files are considered together, the difference is very

significant. The evidence is presented in Table 2.2 and Figure 2.2,

The Chi-Square in Table 2.2 indicates that vehicle age was
not independent of whether the vehicle was struck while turning
or proceeding straight. Vehicles struck while turning were gener-
ally older than vehicles struck while going straight. Therefore,
since older vehicles are more likely to have failed flashers, the
finding that older vehicles are more likely to be struck while
making turning maneuvers provides support for the hypothesis that
failed flashers are a significant cause of turning accidents. This
conclusion rests on the assumption that there is no confounding
factor affecting the vehicle age/accident relationship; and that
there is a positive correlation between vehicle age and flasher

operating status.

Certain arguments can be made against thesz assumptions. For
example, one could argu: that older cars have a higher proportion
of worn out or bald tires, and these tires can cause skidding when
turning, thus causing accidents in this situation. In the final
analysis it must be stated that the strength of the evidence sup-
porting the conclusion that flashers are an accident causing fac-
tor is only as strong as ones belief in the underlying assumptions,
but in any case the evidence presented is at least not inconsis-

tent with that conclusion.

Another way to assess the effect of flasher failure upon
accidents 1is to investigate accidents to determine their causal
factors. Among the studies which have been done are a very com-
prenensive study conducted by the Institute for Research in
Public safety (IRPS, 1973) and a similar study conducted by
Association of Third Party, Accident and Motor Vehicle Insurers
(1973). The IRPS (1973) data show that a multi-disciplinary
accident investigation of Monroe County, Indiana accidents

revealed that "inoperable turn signals" were causally related

11
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to an accident on a certain or probable basis .5% of the time

(as determined by both the on-site and multi-disciplinary inves-
tigation teams during Phases II and III). It should be noted

that this figure apparently does not include improperly operating
flashers (i.e., flashers whose performance is outside the speci-

fied boundaries).

Since flasher failure is only a partial contributor to the
"inoperable turn signal" category it is unknown what proportion
of accidents is directly attributable to flasher failure versus
bulb failure and grounding failure. Data of this specific nature

are, however, included in the German study (1973).

Experts hired by insurers investigated accidents involving
serious physical injury (including death) in great detail for
a time period of up to nine months following an accident. These
experts were asked to note technical defects of the motor vehicle
"only if it could be taken for granted that the respective factor
at least had contributed to the causes of the accident." Of
63,084 accidents involving serious injury investigated, 5.7%
(3,608) were found to involve, "turns, U-turns, etc." Inter-
estingly, this type of accident was more prevalent than rear-end
collisions which accounted for 3.6% (2,298) of all accidents.
Of the turning accidents, 1.8% (64) were found to involve vehicle
defects. Thus, .1% of all accidents were turning accidents
involving defects. The blinker was responsible for 48.4% (31)
of the turning accident defect total found. Lamp failures were
found in only 12.5% (8) of the turning accidents involving

defects.

In lieu of such specific U.S. accident investigation data
on flashers, a cost benefits approximation can be made, but only
on the assumption that the German accident-failure data is
similar to that which would be obtained in the United States,
the most critical assumption being that flashers have failed in
48% of all turning accidents which involve defects. However, on

the basis of these assumptions one could determine the cost of all
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accidents and multiply this societal cost times .049 which is
the proportion of all accidents which involved struck turning vehicles
with defective flashers which were considered to have at least

contributed to the cause of the accident,

Upgrading of MVSS-108 in terms of psychophysical perfor-
mance should have a societal payoff, but it needs to be recog-
nized that a cost-beneficial change may be accomplished in terms
of increased traffic flow, thus decreasing the cost of expansion
of the traffic system. Of course, the number of accidents may
be reduced in addition to or instead of the potential increased
traffic flow. To reduce the number of flasher-related accidents
may depend more upon reducing malfunctions than improving psycho-
physical performance. The relationship between flasher malfunc-
tions and driver performance measures 1is reported by Mortimer,

Domas and Moore (1974).

Note: The accident files used in the analysis in this section
were the 1972 Bexar County, Texas (San Antonio) file which con-
tained 32,329 cases, the 1970-1973 Washtenaw County, Michigan
(Ann Arbor) file which contained 32,272 cases, and the 1972
Oakland County, Michigan (Pontiac) file which contained

34,262 cases.

14



3. FLASHER LIFE, DESIGN AND COST

Malfunctions of the flasher itself are considered to be
primarily a function of life cycle as opposed to "infant
mortality." Currently, the average life cycle is influenced by
the "design life" that manufacturers use in order to produce a
design that will comply with FMVSS 108 and SAE J590b and J945.
Major flasher manufacturers were contacted and asked to supply
information about their cost and design life; three manufacturers
provided extensive data. Thermal flashers of fixed load design
with automatic outage sensing were cited as costing $0.30-0.60
per flasher (presumably, manufacturered in high volume associated
with passenger car usage). Flashers of electro-mechanical design
were cited as costing $1.50-2.00 presently, but in high volume
production costs were estimated to average $1.00 each for a
flasher that would serve as both a turn signal and hazard warning
flasher. Additional cost to sense bulb outage would probably be
encountered in the order of $.30 each. Thus, the estimated cost
for volume production and outage sensing is $1.30. Although this
is more than double the current cost of thermal units it can
serve as both turn signal and hazard warning flasher. Therefore,
the current cost of approximately $1.00 for two fixed load
flashers is somewhat less than would be required if one variable
load with outage sensing were used. One manufacturer with
experience in solid state design flashers estimated present costs
of $5.00-20.00 even though they were presently not involved in
the manufacture of these devices. It was indicated that high
temperature, high load switching and transient voltage spikes
relatively easily affect the operation of solid-state flasher

units.

All the manufacturers who replied agreed that a broadening
of flasher specifications to 40-100 cpm and 20-80% "on" time
would have no dramatic increase (if any) in the life of their
flashers.

15



One major flasher supplier and an automobile manufacturer
have cited figures in the 10-15 flasher cycles/mile range as
representative (5-10 years ago) of suburban/highway usage at the
low end of the range and metropolitan usage at the higher values.
The lane change feature and increased traffic in recent years
should have brought about an increase in usage, such that, the
current usage rate could be in the region of 15-20 flasher
cycles/mile. Using 100,000 miles as representing the "life" of
an automobile it is evident that 1,500,000 to 2,000,000 flasher
cycles would be required. Assuming 12,000 miles per year is
typical automobile usage, then 180,000 to 240,000 flashes per
year should represent average turn signal flasher usage. Assum-
ing an average cycle rate of 90 flashes/minute, therefore, a
flasher only capable of 200 hours of intermittent usage would
have a vehicle life of approximately 4.5-6.0 years. It can be
estimated that 33.3-44.4 hours of intermittent usage occurs
yearly. However, a fair number of vehicles are driven up to
twice the estimated typical mileage. Thus, flasher failures
would probably occur within 2,25 to 3 years, if flashers were
only designed to meet the MVSS 108 standard. However, as
flashers must exceed the standard specifications, they are
normally designed to last considerably longer than the standard
specification. The average life of flashers meeting MVSS 108
needs to be determined, as manufacturers cite average life

figures of 2-20 times (or more) the standard life,

Another manufacturer estimated the hours of usage required
by measuring flasher cycles on six vehicles over a l5-month
period and calculating the number of hours of usage that would
be required for 100,000 miles. The different vehicles and
drivers produced values from under 200 to 400 hours of inter-
mittent use. Except for one vehicle-driver which would require
an estimated 400 hours of intermittent use to cover 100,000 miles,

the other vehicle~-driver combinations all would have required

16



under an estimated 300 hours. The basic data for the estimates
were collected some time ago, so that, it is quite possible that
increased traffic density and the turn signal lane change feature
have resulted in increased turn signal usage. Therefore, 300
hours of automobile flasher usage may be more common now and
perhaps 500 hours is representative of the upper limit (this is
20% above the old data upper limit). Assuming that a typical
vehicle travels 12,000 miles per year then 36-60 hours of inter-

mittent use should occur yearly.

It is of considerable importance that it be determined
whether continuous use or intermittent use is the more rigorous
test. For example, one manufacturer is of the opinion that his
electro-mechanical flasher far exceeds the life requirement of
a typical car because the flashers have a life greater than
500 hours of continuous operation., While this is five times
the life required under SAE J590b, it may not extend the life
of a flasher in use to that great a degree if intermittent use
is more rigorous than continuous use, Assuming that 500 hours
of continuous usage is equivalent to 1000 hours of intermittent
usage leads one to conclude that this flasher could extend
flasher life to beyond the life of the vehicle.

17






4, RISE- AND DECAY-TIME MEASUREMENT OF BULBS

In order to evaluate the light output characteristics of
flashing bulbs, it was necessary to select an appropriate range
of bulbs on which to conduct measurements. To do this, lamp
catalogsl were searched for lamps which are used for signaling

on motor vehicles with 12 volt electrical systems.

Table 4.1 is a summary of such non-sealed-beam bulbs. Those
half-dozen bulbs of this type which find most common use have
an underlined bulb number. The S-8 bulb type is the standard
lens size. The RP-11 is the larger size, which is too large to
fit into most housings and is not available in a dual-filament

configuration.

The 1034 group constitutes the first generation of these
bulbs. The 1157 group was originally developed for heavy-duty
use, but has now become almost standard equipment on many, if
not most, new vehicles. The 198 group is the new heavy-duty,

"fleet-quality" line.

Table 4.2 is a summary of sealed beam bulbs which are either
designed specifically for signaling purposes (as indicated in
the lamp catalogs), capable of signal use by virtue of lens fil-
ter color, or actually used as signal bulbs. Note that 4415's
(of the PAR 36 group) have been included, even though their
apparent use is as "fog lamps." They have been included because
they are actually in use for signaling purposes. Similarly,
the 4636 (of the PAR 46 group) has been included, even though
no catalog indication is given that it might be useful as a
signal bulb, because indeed this is the bulb used as standard

equipment in certain lines of school bus loading lamps.

In actual practice, almost any sealed-beam bulb could be

used as a signal lamp, with the appropriate color filter and

lGeneral Electric, Miniature Lamp Catalog, 3-6253R, revised
1-74, and General Electric, Sealed Beam Lamp Catalog, 3-6251R,
revised 1-74.
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TABLE 4.1. Non-Sealed-Beam Bulbs Which are Used for Signaling.

page # bulb # volts amps  MSCP  base life other, similar bulbs

20-41 1034 12.8 1.80 32 DC Ind 200 1034 A (20-42) :envelope has outside translucent
14.0 .59 3 " 5000 amber coating

1073 (20-45): SC Bay contact, has only signal fil.
1076 (20-46): as 1073, but with DC Bay
1165 (20-47): as 1073, but with b;ass contact

20-48 1157 12.8 2.10 32 DC Ind 1200 1157 A (20-49) :envelope has outside translucent
14.0 .59 3 " 5000 amber coating
1157 NA(22-1) :enveiope has "natural amber" coating
n 2242 (20-50): as 1157, but wire terminals
4 -7
5 2144 (22-3): as 2242, has only signal fil,.
A 1156 (22-4): as 1157, has only signal fil.
[}
h22-4a 198 12.8 2.25 32 DC Ind 1200 199 (22-4b): as 198, has only signal fil.
14.0 .59 3 " 5000
20-34 1016 12.8 1.34 21 DC Ind 300 1176 (20-35): as 1016, except DC Bay
14.0 .59 6 " 1500 1141 (20-37): as 1016, except 1l.44 Amp, sig fil. o.
1142 (20-39): as 1141, except DC Bay
20-28 1295 12.5 3.00 50 SC Bay 300
20-29 93 12.8 L.04 15 SC Bay 700 94 (20-30): as 93, except DC Bay
£16-30 1243 12.5 1.95 32 SC Bay 400 1144 (16-31): as 1143, except DC Bay
-
216—32 1195 12.5 3.00 50 SC Bay 300 1196 (16-33): as 1195, except LC Bay
- 1293 (16-34): as 1195, different fil. support
:
Page #: Refzrs to pace and item number in GE Miniature Lamp Catalog 3-6253R (reviscd 1/74).
Bulb #: Iadustry cross rcforrence. A few companies will use their own number, but all will cross-
refierence to thcse stancards.
MSC2: Ylean Spherical Candlepower.
Basa: DC Ind = Douzle Contact RBayonetf Base, indexed.
DC Bay = Dcuzle Contact Bayonet base, .-indexed.
SC Bev = 3ingle Contact Eayornet Base (non-indexed).

Life: Rated average life, in hours (not subject to vibration).

S-8 Bulbs use conventional lenses. RP-11 Bulbs use a wider lens envelope.
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TABLE 4,2, Sealed-Beam Bulbs Which are or Can be Used for Signaling.

page # bulb 4 size volts watts beam CP color § transm spread shield life other
H \'4
7-21 4414 36 12.8 18 1500 - 100 50 25 none 300
-28 4414-A " " " 450 amber 30 " " " "
-29 4414-R " " " 275 red 18 " " " "
-30 4415 " " 35 9006  ~ 100 40 5 cap 300 {(fog lamp)
-31 4415-A " " " 7000 amber 78 " " " "
=32 * 4416 " " 30 35000 - 100 11 4.5 none 300
-33 * 4416-n " " " 26000  amber 74 "o " "
-34 ¢ [AL6-H " " " ?  blue - "o N "
-35 » EE}Q&B " " " 6000 [Cd 17 " " L] " .
-38 4425-R " (o 50 500 red - 50 2% none 200 "C.I.M. Tail-Stop,
{j 18 100 " - " " " NG Red"
-43 4464 " " 60 50000 - 100 11 5 none 300* "Signal"
-45 4464-R " " " 7500 red 15 " v " " * "Signal, Red"
g-47 4001 46 " 37.5 29000 - 100 26 S5 none 300* convention Hi Beam
-48 4001-A " " " 21000 amber 72 " " " "
-49 4001-R " " " 5000 red 17 " " " "
9- 1 4000 " " 60 243C0 - 100 34 1 MF 320 convention Lo Beam
37.5 116C0 - 100 v . none 200  convention Hi Beam
-3 4000-R v " 60 3000 red 12 " " MF 320
37.5 16063 ¢ 12 "o none 200
-10 4412 " " 35 11000 - 100 40 5 300 (fog lamp)
~11 4412-A " " " §800 amber 80 " " " "
-12 4413 " " " 100 - 100 80 28 nonc 300 (flood lamp)
-13 4413-R " " " 200 red 18 " " " "
-9 4434-A " " 40 1000 anmber ? 55 25 " 100
=21  * 4436 " " 35 60000 - 100 i0 4 aone 300
-2la * 443¢-R " . " 9000 red 15 " " " "
-27 4633~R " 4.0, 8¢ 700  red - 22 " . (school bus lamps)
-27a 4636 o0 72 - - 2 2 " M
10-21 4433-A 56 12.8 ‘4) ?  amber - -~ - none 200 (school bus lamps)
" ? " - - - L] L]
~-22 4433-R " " {" ? red - . - " " "
" ? " - - - " "
Page #: Refers to page and item number in GE Sealed Beam Lamp Catalog 3-6251R (revised 1/74).
Bulb §: Industry cross reference.
Size: PAR 3G = 4.5" diamcter. PAR 46 = 5.75" diameter (size of standard "quad" headlamps).
PAR 56 = 7" diameter (size of standard large headlamps)

Beam CP:

Color:

Life:

*Thesc
Thus,

GL's designation,
% Transmisivity:

lames are
Y

they are not nurrally ope

Derived, where values for unfiltered bulb arc ¥nown.

30-80%, red from 12-18%.,
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In hours, at the design voltage (stated).
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perhaps with addition of a diffusion screen. Note that even con-
ventional headlamp bulbs, such as 4000 and 4001, are color-coated

and used for signaling purposes.

For non-sealed beam bulbs, three basic bulbs (the 1034, 1157,
and 198 groups) as identified above and in Table 4.1 incorporate
the basic performance characteristics for all such bulbs in general

use.

For sealed-beam bulbs, on the other hand, no such simple group-
ing is immediately possible. However, a more general grouping can
be accomplished. Within the PAR 36 and 46 groups, many of the bulbs
can be characterized as having a 30 or 35 watt coiled filament.
Within each size group, these bulbs are probably all basically the
same, varying only in fluting design (diffusion) and color filter.
The unfluted, uncolored, and unshielded representatives of these
two size groups would be bulbs 4416 (for PAR 36) and 4436 (for PAR
46). The others with the similar filaments could all be thought

of as variants of these two basic styles.

From Tables 4.1 and 4.2 eight pairs of lamps were selected to
represent the lamps in common usage and provide a range of filament
wattage and bulb size. From Table 4.1 the 1034, 1157, and 198 lamps
were selected for evaluation of rise-and decay-times because of
their common use in turn signal lamp housings. They represent a
range of power consumption of 23, 27, and 29 watts. From Table 4.2
the 4414, 4416, 4436, 40021, and 4636 lamps were selected for test-
ing to provide an adequate range of power consumption and bulb size.
The power consumption figures for these bulbs are 18, 30, 35, 37.5,

and 80 watts (using two 40 watt filaments), respectively.

The eight pairs of lamps of various wattages and lamp sizes
were obtained and burned in for several hours. Each lamp was then

mounted in a lamp housing. A Prichard Spectra Photometer was used

lA 4002 high beam was used in place of the 4000 bulb listed
in Table 4.2.
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along with a Brush Chart Recorder to produce traces of light out-
put versus voltage. Each trace was set up so that maximum steady-
state light output would produce a full-scale deflection while the
voltage off condition would trace along the bottom axis. Thus a
full-scale reading represents 100% of the maximum light output of
a lamp and a reading on the lower axis represents 0% or no lamp
output. Two bulbs having the same lamp number were measured for
each of the eight lamp types and the mean of the results were cal-
culated. All lamps were measured with the flasher operating in

a normally closed (start-on) fashion., In addition, all lamps

were operated at 12.8 volts. The maxima and minima light output
obtained in the 1lst, 3rd, and 6th flash for various duty cycles

and flash rates is shown in tables comprising Appendix A.

The data in those tables indicate that not all lamps respond
to flash rate and duty cycle combinations in the same way. While
the 1157, 1034, and 198 bulbs responded in similar fashion, the
4002 and 4636 lamps have the greatest thermal inertia. This can
be readily ascertained by looking at the 180 cpm data (Appendix A.5)
as these lamps consistently have the lowest light output while the
votage is on and have the highest light output when the voltage
is off. Both of these lamps are PAR 46 5.75 inch bulbs. The poorer
performance came from the 37.5 4002 lamp even though the 4636 lamp
was run below its nominal voltage (14.0V.). The extremely slow
rise time of the 4002 lamp appears to be due to two factors. First,
the high wattage of the energized filament leads to increased rise

times as evidenced by data derived from Tables 3.1, 3.2, and A.5:

First Flash

Maximum Relative Major Energized

Light Output Filament Wattage
96-100 18-27
90-93 29-35
58-85 37.5-40
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Although closer inspection will reveal a very non-linear rela-
tionship, there is evidence of a trend which associates low maximum
relative light output with increased wattage. Secondly, there is
the confounding factor of heat absorption by any unenergized filament
which is present. It was discovered that when the 8 watt tail fila-
ment of an 1157 bulb was constantly energized, the 23 watt signal fil-
ament of the 1157 bulb had a quicker rise-time than when the 8 watt
filament was unenergized. Whether a filament is radiating or absorp-
ting heat has an effect on the rise-time of the other filament in a
dual filament bulb. Thus, the rise-time of the 4002 hi beam filament
is extremely slow due to the presence of the unenergized 50 watt low
beam filament and the high wattage (37.5 watts) of the high beam fil-
ament. The faster rise-time of the 4636 bulb with 40 watt filaments
is due to the fact that it does not have an unenergized filament,

Using the mean data from a pair of 1157 bulbs, Figure 4.1 exhi-
bits the achievement of maximum light output for a particular flash
rate and duty cycle combination by the 3rd flash. The data recorded
for the 6th flash for all the lamps, flash rates, and duty cycles
tested was nearly identical to that obtained on the 3rd flash. The
1lst flash, however, generally produced significantly less maximum
light output and occasionally this also lead to less voltage off
light output compared to data obtained for the 3rd or subsequent
flash. This introduces the problem of selecting a flash rate x
duty cycle x lamp combination which will achieve a great enough
maximum light output on the lst flash and a low enough minimum

light output (voltage off) on subsequent flashes.

In some instances this problem is so severe that certain
lamps do not even maintain a five to one ratio between their voltage
"on" light output and their voltage "off" light output. While this
effect shows up at lower cycle rates with the high thermal inertia
lamps (i.e., at 120 cpm for a 4002 lamp), eventually even lamps
with as fast a response as the 1157 show the effect (i.e., at 180
cpm) ., As SAE Stds, J585c, J586b, and J588d all specify that at some
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points near the H-V a minimum five to one candlepower ratio between
the signal and taillamp is required to provide adequate contrast,

it is logical to insist that the signal lamp have at least a five to
one contrast ratio between its voltage "on" and voltage "off"

phases. Otherwise, the signal would not provide an adequate contrast

ratio between its "on" and "off" voltage phases. Flash Rate x

Duty Cycle x Lamp combinations which do not meet the 5:1 ratio
requirement are indicated in Tables A.1-A.,5 by a minus sign follow-
ing the "low" light output value. The ratio may be a determinant
in selecting an upper bound for flash rate as both the 1157 and

198 bulb types were starting to fail this criterion at 180 cycles

per minute.

Figure 4.2 exhibits the effect of flash duration in both the
"on" and "off" cycles upon light output of a No. 1157 lamp. These
data were derived from Tables A,1-A.5 by converting duty cycles
and flash rates to lamp "on" and "off" durations. Fast flash rates
and short duty cycles combine to produce short durations which lead
to the problems of low intensity lamp output (i.e. lamp output falls
off rapidly below .200 sec "on" duration) and low contrast ratio
(i.e. lamp "off" output remains increasingly high below .150 sec

"off" duration).

Similar light output problems would arise in specifying effec-
tive parameters for school bus red signal lamps. If cycle rates
as fast as 180 cpm were permitted and the "on" period of the
flasher was long enough to permit the bulb filament to come up to
full brightness, as per SAE Standard J887, the "off" period light
output might not allow an adequate contrast ratio. For this
reason, analytical research of the data which has been collected
on lamps which are used as school bus lamps, should be undertaken
to determine from light output and contrast curves, the limits of
"on" and "off" durations which are feasible to produce a good
flash signal. This data could then be analyzed to provide infor-
mation on feasible flash rates and duty cycles for school bus

lamps.
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The results also suggest that performance specifications on
flashers alone, ignoring the characteristics of the bulbs which
the flashers control, may not be adequate to insure effective flash-

ing characteristics of turn or hazard warning lamps.
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5. THE EFFECTIVENESS OF FLASHING LIGHTS - A LITERATURE REVIEW

The effectiveness of a flashing lamp shall be considered
directly related to its attention-getting value in this review, i.e,
the more conspicuous the lamp the greater its effectiveness. The
intent will be to summarize research which deals primarily with
the contributions of factors such as shape, color, line-of-sight,
Zlash frequency and duration, intensity, background, and adapta-
tion to the effectiveness of flashing lights on vehicles. For
the interested reader, more detailed summaries of most of the
research referenced herein can be found in an exhaustive bibli-

ography of work on flashing lights by Hargroves and Hargroves (1970).

SHAPE AND COLOR. Flash shape, the temporal distribution of
light in the flash cycle, for directional indicators is usually
square, but for rotating beacons it is more nearly sinusoidal.

More complex distributions of intensity within the flash cycle are
generally considered not practical as a coding dimension (Hargroves,
1971). However, the relative attention-getting value of differ-

ent flash shapes has not been examined thoroughly,

Color coding has been examined and rejected by Projector
et al. (1969) because of variation in observer color vision,
desaturation of color in haze or fog, and variation in filter
efficiencies. However, researchers at California University
(1968) and Mortimer (1969) conclude that although the basic light-
ing system should employ full functional separation and be color
independent, color should be used as a redundant coding parameter

as this has been shown to increase effectiveness.

LINE-OF-SIGHT. In a study of flashing versus steady lights
in automobile turning signals Brown and Gibbs (1958) found that
when little visual search is required a steady light is more
effective. However, when the signal is not seen foveally a

flashing light has more attention-getting power.

29



Signal positional effects on reaction time to flashing
lamps were further examined by Rains (1963). The shortest times
were when the stimulus was presented foveally. In general the
nasal side of the retina was found to be superior to the temporal
side with respect to the speed of reaction. 1In addition, Rains
believes that the difference in reaction time between the fovea
and periphery would be smaller if larger areas and/or longer flash
durations were employed as the periphery is capable of greater area

and temporal summation.

INTENSITY, BACKGROUND AND ADAPTATION. A series of experi-
ments by Joseph Lucas Ltd. (1956, 1958) were conducted to deter-
mine minimum and maximum preferred and acceptable rear signal lamp
intensities for both steady and flashing lamps for day and night
use. During the daytime higher intensities were preferred.

Higher intensities were also preferred at night at greater dis-
tances while at shorter distances glare effects lead to lower

preferred intensities.

The results also suggested that signal background, glare,
and thus observer adaptation could have an important influence on

the effectiveness of flashing lamps.

In a study by Gerathewohl (1953) the conspicuity of steady
and flashing light signals as a function of contrast was examined.
Test signals were 15.5 degrees from the observers visual axis.
Distracting lights and two audio distractions were employed. Sub-
jects were perceptually loaded by the presentation of signal and
distraction lights at the rate of 33 presentations per minute.
Background was held constant while stimulus brightness was varied.
Flash frequency and flash duration were constant at 60 cpm and
20% "on" time, respectively. In general, the conspicuity of any
signal was found to increase with contrast, as expected. However,
little gain was achieved with signal contrasts of 6.6 or greater
and flashing and steady lights showed little difference in response
time above this contrast ratio. At low contrasts, flashing signals

were more conspicuous than steady lights even though distraction
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lights were dotted around the fixation area.

Crawford (1962, 1963) found that a background of flashing
lights (180 cpm, 50% "on" time) increased response time more than
a background of steady lights, whether the signal was flashing or
not., The subjects were perceptually loaded by signals and dis-
traction lights occurring 20 times per minute. The advantage
of using a flashing light as a signal was lost even if one other
light in the background was flashing and steady lights were
always more effective when 10% or more of the background lights
were flashing. This illustrates the confusion that could be
expected if there were too many distracting flashing lights
in the area of a pertinent signal. The contrast level of the

signals involved in this experiment is not reported.

Glare effects, to some extent, were reported by Mortimer
and Olson (1966) when the positional effects of front-turn indi-
cators relative to the headlamps were examined. As expected,
reaction times increased when the signal was positioned near the
headlamp. However, little systematic research has been done to
examine the effectiveness of rear signaling systems when the
observer is subjected to glare as is typically encountered in

a vehicle meeting situation.

That adaptation can have an important effect on flashing
light effectiveness is shown in a study by Forbes (1960). The
just perceptible flash brightness after entering the dark from
various field brightnesses was measured. A flash brightness of
143 ml was needed for perception upon entering darkness from a
field luminance of 3266 ml (hazy day). Likewise, 3.6 ml was
required after exposure to 103 ml (overcast day), and .57 ml
was required after exposure to 3.3 ml (twilight). After .4 sec
or more in the dark luminances required were reduced to .9 ml,
.45 ml, .18 ml after prior exposure to hazy day, overcast day,

and twilight illuminations, respectively.
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FLASH FREQUENCY AND FLASH DURATION, In a study similar to
that reported above, Gerathewohl (1957) examined the interactions
of flash frequency, duration, and signal contrast. Observers
were required to detect the presence of a white flashing light
with 90% of the lights being distraction lights. Three bright-
ness contrasts: .16, .95, and 11.16; three flash frequencies:

1 flash every 3 sec, 1 flash per sec, and 3 flashes per sec;

and two flash durations: .l sec and .2 sec were used. Test sig-
nals were presented 5 degrees to the left or right of the
observer's central line-of-sight. Figure 5,1 illustrates the com-
plex interactions found between flash frequency, duration and
contrast. In general, reaction time was found to decrease with
increasing flash frequency and flash duration. Increased contrast
resulted in decreased reaction time primarily only for the low

flash rate of 20 cpm. The effect of contrast was strongest under low

frequency conditions. The effect of frequency was strongest
under low contrast conditions. Under low contrast conditions
high frequency flashes were more conspicuous than low frequency
flashes. Duration appears to have no significant effect on the
higher flash rates of 60 and 180 cpm. Within the range of the
conditions examined, the most conspicuous signal was one flash-
ing at 180 cycles per minute which was at least twice as bright
as its background. When averaged over all contrast levels,
minimum reaction time was achieved under conditions of maximum
flash frequency and minimum flash duration. Gerathewohl pos-
tulated that response time may depend not only on stimulus
intensity, but also on the time after onset of the signal when

the retina is maximally stimulated.
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Brown and Gibbs (1958) also examined the effects of flash
frequency and duration of flash on response time. In this
experiment, however, observers were required to identify that
a signal was flashing. Since the majority of responses occurred
before or during the second flash, one can conclude that the
observers were looking at or near the general area where the
signal was to be presented and that they responded to termina-
tion of the first flash. For this reason, response time is taken
as the sum of flash duration and "true" reaction time., Flash
frequencies from 90/min to 180/min and on-off ratios of 1:3 to
2:1 were examined. Obviously, response times were found to

increase with flash duration.

One can conclude that if the observer is directing his
attention toward potential signals of interest, then one flash
of short duration is all that is needed for rapid response.
However, an automobile driver is not always attending to visual
areas of importance; therefore, as suggested by the literature,
high flash frequencies and minimum flash durations should pro-
vide the best conspicuity and smallest response times. 1In
addition, under low contrast conditions often encountered in
real driving signals flashing at high flash freguencies are more
conspicuous than slow flashing lights and steady lights when

distractions are prevalent.
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6., THE EFFECTIVENESS OF FLASHING LIGHTS - A SUBJECTIVE EVALUATION
OF TURN SIGNALS.

For this study the HSRI marking and signaling research car
was used to electrically control the rear turn signals of a light
tan 1973 Ford Torino (Figure 6.1). Directly behind the Torino. and
at a distance of 200 feet sat the group of subjects who subjectively
evaluated the effectiveness of the rear turn and hazard warning
signals. The evaluations were made by means of a 5-point rating

scale. The instructions they received are presented in Appendix B,

SUBJECTS. Six males and ten females volunteered to partici-
pate in this two-hour experiment. Their ages ranged from 18-65

with the mean being 35 years old.

CONDITIONS. Left and right turn signals were randomly pre-
sented with occasional hazard warnings inserted to vary the pre-
sentation. The electronic flasher was operated in a normally
closed (start-on) fashion as is customary for the common fixed
load flasher. The following percentage "on" times were presented:
20, 25, 30, 40, 50, 60, 70, 75, 80, 85. These were combined with
flash rates of 20, 30, 40, 60, 90, 120, 140, 150, 180 and 210 cycles
per minute. Each combination was presented twice except for the
90 cpm presentations which were presented three times and the 210
cpm presentations which were presented only once. All sixteen
subjects participated in an afternoon session with the sunlight
behind them at approximately a 45° vertical angle and in a night-

time session with the taillights turned on.

RESULTS. The mean daytime and nighttime signal effective-
ness ratings are shown in Tables 6.1 and 6.2 along with the present
SAE flash rate and duty cycle boundaries. It can be deduced from
the table that the nighttime ratings are nearly always higher than
the daytime ratings., 1In addition, it is clear that many conditions
outside the SAE approved boundaries have ratings equal to or exceed-

ing the rating that some conditions within the boundaries received.




Figure 6.1

The light tan Torino presenting
a right turn signal which was
controlled by the HSRI marking
and signaling research car
positioned to its left.
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TABLE 6.1, Daytime Mean Ratings of the Subjective Effectiveness
of Flashing Automobile Signals.

Cycles Per Minute

gﬁfgigz 20 30 40 60 90 120 140 150 180 210
85 | 1.56 2.09 |2.88 3.19 2.9212.16 1.66 1.47 1.50 1.3l
80 | 1.44 2.16 ,2.94 3.00 2.85!2,53 1,97 1,91 1.41 1.43
75 | 1.34 1.75 l2.84 [2.91 3. 2.72 2.50 2.13 1.56
70 | 1.41 2.03]2.75 [3.94 3.71 73,38 3.00| 2.41 1.69
60 | 1.88 2.41 ,2.94 [3.66 3.77 3.8N 3.63 3.78 2.97 {2.69
50 | 1.19 2.28 12,75 [3.44 3.69 3.44| 3.72 3.50 2.88 l2.38
10 | 1.25 2.00 2.561h,47 3.81 3.75| 3.06 2.78 3.03 |1.93
30 | 1.22 1.94 2.63 2t337>§<p4 2.75|12.56  2.47 2.22 2.19
25 1.53 2.00 2.53) 2,94 2.8812.47 2.31 2.19 1.78 1.88
200 | 1.41 1.93 2.38| 3.03 2.8312.53 2.43 2.50 2.28 1.62

TABLE 6.2 Nighttime Mean Ratings of the Subjective Effectiveness

of Flashing Automobile Signals.
Cycles Per Minute

percent| 0 30 40 60 90 120 140 150 180 210
65 | 1.53 2.34]2.88 3.63 3.77 2.84 2.75] 2.56 2.03 1.94
80 | 1.75 2.38,3.03 3.41 3.77 3.19 2.84| 2.63 2.22 1.94
75 | 1.66 2.41 ) 3.31 [3.72 3. 735) 2.97 2.750 2.59 2.19
70 | 1.53 2.4712.97 [3.50 4.06 31 3.16 2.94] 2.38 2.25
60 1.75[_5.55_ 3.31 |4.13 4.31 3.7N 3.47 3.34 ’§i34| 2.63
50 | 1.63 ~7.1973.13 [3.91 4.06 4.03| 3.43 3.13 3.19, 2.44
40 | 1.66 2.50' 2.91 fR,78 4.02 3.63| 3.34 3,00 2.78| 2,25
30 | 1.78 2.28]2.84 ZZ;;T)Q<§3 3.31 3.06 2.78] 2.66 2.31
25 | 1.59 1.97 2.56f 3.16 3.38 2.84 |2.66 2.50 2.09 2.13
20 | 1.66 2.44 2.53 3.16 3.19 |ET%€"2.22‘ 2,28 1.88 1.69

NOTE : The black box 3includes the SAE limits for normally

closed

would be excluded.

open (start "off") wvariable load flashers; for normally
(start "on") fixed load flashers the shaded area

The dashed line encompasses all conditions tested whose

means equalled or exceeded the lowest rating received by
a flash rate/"on" time combination which is approved by
the SAE and DOT as per SAE J590b(i.e.22.75).
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These tables show how far the boundaries would extend if they were
to include all conditions with as high or higher a rating as the
lowest rating received by a condition within the SAE boundaries. As
can be seen from the more restrictive daytime condition exhibited
in Table 6.1, all the ratings of the 20, 30, and 210 cycle per mi-
nute presentations fall below the lowest rating within the SAE
approved region, Therefore it is likely that these flash rates can
be excluded from further consideration. It can be noted from Table
6.2 that no flash rates that have general nighttime effectiveness

across "on" time levels would be eliminated.

To take into account variability of the responses of the sub-
jects Tables 6.3 and 6.4 were prepared to show the percent of re-
sponses which were "satisfactory" or better (i.e.,Za rating of 3
or greater) for each flash rate x duty cycle combination for both

daytime and nighttime, respectively.

Table 6.3 has the most restrictive flash rate and duty cycle
boundary condition. All points within its criteria boundaries have
a daytime and nighttime mean rating greater than or equal to the
minimum rating received which is currently within the SAE and DOT
approved flash region as per SAE J590b(i.e.22.75 from Table 6.1).
In addition all points within the Table 6.3 boundaries were rated
as "satisfactory" or better on 66% or more of the subject presen-
tations in both daytime and nighttime conditions., The "criteria of
two-thirds or more "satisfactory" ratings is very similar to that
used by members of the Automobile Manufacturers Association* Vehicle
Lighting Committee in presenting the results of their turn signal
demonstration conducted Dec. 1-2, 1959. It seems feasible to limit
further testing to conditions within the boundaries exhibited in
Table 6.3. This will limit the flash rate range to 40-150 cpm.

'The duty cycles used should minimally cover the range 20-85% "on"

time.

*Now The Motor Vehicle Manufacturers Association of the U.S.,
Inc.
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TABLE 6.3. Percent of Flashing Automobile Signals Presented in the

Daytime which were Rated "Satisfactory" or Better.

Cycles Per Minute v
Percent | 55 39 40 60 90 120 140 150 180 210
On-Time
85 3.1 25.o| 68.7 _7_8_.2__68_._9_] 28.1 6.3 9.4 9.4 6.3
80 6.3 31,2, 78.2 |§2;§__6Qé4__ﬂgé§7 18.8 21.9 3.1 12.5
75 | 6.3 18.8! 68.8 [68.7 t |53.1 50,1 28.2 6.3
70 9.4 28.2 59.4{87.6 85.5 '7_8'.'1—|i2_.§_4o.6 6.3
60 21.9 34.4 65.7}193.8 091.7 84.4 84.3 153.2 56.3
50 0.0 40.6 50.04,87.5 87.5 75.1 .E?;E'_Zglz.lso'o 37.6
40 0.0 25.1 50.0 :51}3\723:8 329;2_|65.7 50.0 62.5 12.6
30 3.1 25.0 56.2f78.27 35,0 62.5|46.9 40.6 25.0 18.8
25 0.0 21.9 53.1, 75.0 '70.9' 43,8 31.3 21.9 15.7 18.8
20 0.0 15.7 40.7__]§;?-_Z3;£L'50.0 34.5 47.0 34.4 12.5
TABLE 6.4. Percent of Flashing Automobile Signals Presented in the
Nighttime which were Rated "Satisfactory" or Better.
Cycles Per Minute
ercentl 20 30 40 60 90 120 140 150 180 210
85 12.5 46.9} 71.9 87.6 85.5 68,8 |62.6 50.1 21.9 12.6
80 12.5 40.7) 81.3 84.4 91.7 71.9 |59.5 53.2 28.2 12.6
75 | 12.5 46.9. 87.6 [97.0 93.%/8Y.3] 71.8[ 59.4 50.1 25.1
70 6.3 50,11 75.1 |84.4 95.9 71.9 -;i.g-.37.5 37.5
60 | 18.8 65.7] 81.3 |93.9 97.9 84.4 84.4 71.9]43.8
50 15.6 28.3| 78.2 |93.8 93.8 96.91| 87.6 ZELQ..?%:l' 37.5
40 18.7 50.0 72.0 p93.8 100.0 93.7 | 84.4 l62.5 53.2 18.9
30 | 25.0 40.7] 71,9 Z?Ns 87.5| 90.6 75.0) 50.1 25.1
25 9.4 21.9 59.4) 84.4 79.1 75.1 |65.7 50.0 28.1 25.1
20 12.5 46.9 59.4| 78.2 70.8|-;3:;~ 40.7 40.6 15.7 6.3
NOTE: The black box includes the SAE limits for normally
open (start "off") variable load flashers; for normally
closed (start "on") fixed load flashers the shaded area
would be excluded.
== == = The dashed line encompasses all conditions tested which

received a "satisfactory" or better rating on 66% or more
of presentations.
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7. STUDY l: EFFECT OF FLASH RATE AND DUTY CYCLE ON TURN
SIGNAL DETECTABILITY.
The objective of this task was to conduct an experimental
evaluation of the effectiveness of front- and rear-mounted turn
and hazard warning signal lamps in daytime as a function of the

flasher, duty cycle and flash rate.

The pilot study (Section 6) indicated that duty cycle and
flash rate specifications can be extended beyond their present
limits without reducing rated effectiveness. However, flash rates
of 20, 30 and 210 cpm were rated below the lowest mean rating
received by any flash rate and duty cycle combination tested that
was within the SAE J590b approved region. In addition, the 20, 30,
180 and 210 cpm flash rates failed to receive a "satisfactory" or
better rating on two-thirds or more of the presentations. There-
fore, it was felt that these conditions could reasonably be
deleted from subsequent studies. lowever, flash rates of 20-180 cpm
were used so that a performance comparison could be made between
unsatisfactory signals and those falling within the 40-150 cpm
"satisfactory" region found in the subjective pilot study.

Apparently the "on" time range was not wide enough to include duty
cycles that produce flashing signals rated ineffective at all
flash rates. Therefore, the "on" time range was extended to
15-90% to see whether or not subjective effectiveness persists at

these extreme values.

The HSRI rear lighting vehicle was used to electrohically
control the rear lighting system of the test car which was the
same car as was used in the subjective evaluation, This was done
so that the reaction times to different presentations of flash
rate and duty cycle could be evaluated in the context of a
typical vehicle. Thus, these data show the magnitudes of the
daytime differences which can be expected to occur when signals
are mounted near a chrome bumper and within the body of a

vehicle which provides a typical color contrast.
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Based upon the preliminary evaluation made in the pilot
study, as well as a consideration of the present standard and
the revisions proposed in Docket No. 69-19, concerned with flash
rate and duty cycle, a determination was made of the number of
levels of each of these factors that should be evaluated. One
objective of the program was to define the nature of the space
which is bounded by the limits of flash rate and duty cycle that
produce objectively adequate and subjectively good flashing

signals.,

SUBJECTS. A total of 16 subjects were used in this test.
The subjects had corrected or uncorrected minimum visual acuity
of 20/40 and their ages ranged from 17 to 40 with a mean of 23.
There were 10 male and 6 female participants. Four subjects were

used in each test session.

PROCEDURE. A static test (Figure 7.1) was conducted in which
the subjects were seated in two automobiles, parked adjacent to
each other 200 feet from the vehicle carrying the test lamps.

-Fifty feet in front of the cars in which the subjects were seated
was a small stand carrying two red side-task lamps 4 feet apart

and 24 inches above the ground which were lighted in a random

order with a frequency of about 10 cpm. The intensity was adjusted
so that the lamps were adequately conspicuous.

The observers were seated in two test vehicles, and respond-
ing to the side-task lights. The two red rear signal lamps on
the test car were operated at 12.8 volts at the bulb which is
typical of normal operation. This was determined via photometry
of a 1973 Torino to determine its typical presence and signal
lamp output. It was found to produce a signal of approximately
108 candelas (cd) and a presence indication of approximately 8 cd.
These intensities were found to be replicated by supplying the
bulb 12.8 volts via the rear lighting vehicle. These same inten-

sities were also used for the subjective "pilot" study.
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The test was conducted on bright days with solar illumination
falling on the test lamps at an average vertical angle of about
45°, Two replications of each flash rate and duty cycle were pre-
sented (one left turn and one right turn), except for the 20 cpm
and 180 cpm which were presented once each. These extremes were
added to the useful range in order to determine the magnitude of

the performance change at such extremely slow and fast flash rates.
The independent variables were as follows:

l. Flash rate: 20, 40, 60, 80, 100, 120, 140, 160 and 180
cycles per minute.
2., Duty cycle: 15, 25, 30, 60, 75, 80 and 90 percent "on"

time.
The dependent variables were as follows:

1. Response time to detect a right or left turn signal.
2. Frequency of missed signals (i.e., response times longer

than 8 seconds).

Each subject held a box containing four pushbutton switches,
two for operation with the left thumb and two for operation with
the right thumb. The two upper switches were used to respond to
the left or right side-task lights, while the bottom switches were
used to respond to left or right turn signals, A dummy switch was
located between the left and right turn switches so that the sub-
ject could respond to stop signals. The occurrence of stop sig-
nals prevented the subjects from assuming that the illumination
of a lamp represented a turn signal. The instructions that were
read to the subjects are included in Appendix C. The subjects
were told to respond primarily to the near signal lights and
secondarily to the far signal lights on the car. They were to
respond as quickly as possible and correct any errors they made.
Performance on the side-task was monitored for each subject by a
set of lights on the experimenter's console which was arranged

such that as soon as a subject responded to a side-task lamp one
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of the monitoring lights was extinguished. Thus, when all subjects
responded all lamps were extinguished on the experimenter's con-
sole. This procedure has been used before by HSRI and provides a
quick method of monitoring the individual performance of subjects
on the side-task lamps. We have found that after a short prac-
tice period subjects maintain a high level of performance on the
side-task throughout a test.

Reaction time measurements to the onset of turn signals were
made by recording the time required for each subject to depress
the correct switch. Response times of longer than 8 seconds were
treated as missed signals. Turn signals were given with an aver-
age interval of 30 seconds * 15 seconds. Each test session
lasted about three hours during which ambient lighting conditions

remained reasonably constant.

RESULTS. The response time data were analyzed using natural
log transformation. Two analyses of variance were performed
since missing data in some extreme cells prevented using one
analysis for the entire flash rate and duty cycle ranges. The
first analysis (Table 7.1) encompases the whole 20-180 cpm flash
rate range in combination with duty cycles from 25% to 80% "on"
time. Neither the flash rate nor duty cycle main effect is sig-
nificant. However, the flash rate x duty cycle interaction is
significant at the a=.01 level. The subject x duty cycle inter-
action which is also significant at the a=.01 level is due to

subject variability.

The interaction of flash rate and duty cycle is represented
in Table 7.2. Response time means which are significantly dif-
ferent are indicated by the Tukey (b) test results in Table 7.3.
There were no significant differences associated with flash rates
except at the lowest (25%) "on" time where response to flash
rates of 140, 160 and 180 cpm were significantly longer (a<.05)
than those to 20 cpm. This effect is explainable by the fact that
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TABLE 7.1.

Analysis of Variance of Natural Log Transformed Response
Times of Sixteen Subjects to Daytime Presentations of
Turn Signals With Flash Rates of 20-~180 cpm and Duty

Cycles

of 25-80%.

RT ANALYSIS = 15% &k 9ax N»ITTED

FACTOR CNUES

A
R

c

SOURCE 0OF
VARTATION

FENUALS
[-—!‘JUALS
ELUALS

DIVISTON

B..ll.'.'l.'...

A...I.!.l'.l.‘l

ABI!..!QQQ...!O

c.".l....'l...

BC.'.....OOOQOI

AC...!..O.OI.!!

ABC..‘..'..'C!I

WITHIN CELLS

TOTAL

KaTF
SsJ
NuTY
[(F VARTANMCE
5UmS NF
SHUARES
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1 URBUUSL
1R, 2B21b

2 PRAZRD
16,54192

7,9346954
63,8148

73,3049

2ub,152¢

DFGREES OF
FREEDOM

15

32
489

542

12kl
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MEAN
SOUARES

4, 188093

?,1860558
#,1523538

?2,5202956
?,27569R5

P,2URRP98
$e1329508

e1352473

RATIO

1,2212
1,1459

1,8865
240737 %%

1,8656**

2,98302




TABLE 7.2. Turn Signal Response Time Cell Means for the Study 1
Experiment and Associated Voltage "On" and "Off"
Durations.

Duty Flash Rate (Cycles Per Minute) Duration
Cycle 20 40 60 80 100 120 140 160 180 (Sec.)

.450 ,225 150 .113 .090 .075 .064 ,056 .050 ON*
15% "On"| 2.550 1.275 .850 .637 .510 .425 .,365 .319 ,283 OFF*
1.792 1.535 1.509 1.962 2,282 1,750 2,002 1.956 - |Response

.750 .375 .,250 .188 ,150 .,125 ,107 .094 .083 ON
25% "On"| 2,250 1.125 ,750 .,562 .450 .,375 .322 .,281 .250 OFF
1,000 1.199 1.392 1,175 1.177 1.225 1.394 1,554 1.605 [Response

.900 .450 .300 .225 .,180 ,150 .129 .113 .100 ON
30% "On"| 2.100 1,050 ,700 .525 .420 .350 .300 .262 ,233 OFF
1,201 1.129 1.325 1,172 1,062 1,129 1.137 1.241 1.345|Response

1.80 .900 ,600 .450 .360 .300 .257 .225 ,200 ON
60% "On"| 1.20 .600 .400 .300 .240 .200 .172 .150 .133 OFF
1,296 1.238 1.115 1.129 1.339 1.279 1.176 1.215 1.210|Response

2,250 1.125 .,750 .563 ,450 .375 .322 ,281 .250 ON
75% "On" .750 ,375 .250 .187 ,150 .125 ,107 .094 .083 OFF
1.251 1.223 1.368 1.305 1.143 1,154 1.124 1,321 1,196 |Response

2,400 1.200 .800 .600 ,480 ,400 .343 .300 .266 ON
80% "On" .600 .300 .200 .150 ,120 .100 .086 .075 .067 OFF
1,321 1.133 1.065 1.112 1.196 1.203 .986 1,026 1,185 |Response

2,700 1.350 .900 .675 .540 .450 .386 ,.338 .300 ON
90% "On" .300 .150 .100 .075 .060 ,.050 .043 ,037 ,033 OFF
1.321 1.165 1.229 1.256 1.263 1.197 1.078 - 1.663 [Response

*These figures are the computed voltage durations,
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TABLE 7.3.

Tukey (b) Tests of Log Transformed Response Time
Means Derived from the ANOVA in Table 5.1.

Duty Cycle
(% llonll)

Flash Rate(s)
(Cycles Per Min)

Resulted in Mean Response
Times That Were --

Flash Rate(s)
(Cycles Per Min)

25

30- 80

60%, 140%, 160%,
180%

Significantly longer than

Not significant

20

Flash Rate(s) |Duty Cycle(s)|Resulted in Mean Response | Duty Cycle(s)
(Cycles Per Min) (% "On") Times That Were -- (¢ "On")
20-120 - Not significant -
140 25 Significantly longer than 80*
160 25 " 80**
180 25 " 60*, 75%, 80*
*a5005
*%0 S, 01
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the "on" durations for these rates are only .107 to .083 sec

which results in only 17-33% of maximum light outputl on the

first flash and approximately 47-62% by the third flash. Thus,
these signals would be expected to be much harder to see than
those producing 100% of maximum light output on all flashes (i.e.,
20 cpm). All of these signals reach 0% of maximum light output

in the "off" phase. The 60 cpm signal was also significantly
different from the 20 cpm at an a= .05 level. This is an isolated
case and is probably spurious since both signals produce well over
90% light output on all flashes.

There were no signficant differences in response time to
various duty cycles, except at the high flash rates of 140, 160
and 180 cpm. As indicated by the flash rate and duty cycle inter-
action means shown in Table 7.2, these high flash rates when combined
with the 25% duty cycle produced significantly longer response times
than some of the longer "on" time combinations (i.e., 60-80% duty
cycle). Again, this is due to the short voltage "on" durations,
occasioned by high flash rates and short duty cycles, producing
low intensity flashes. However, in this instance it may be notable
that the signals did not all approach 0% light output in the "off"
phase. For example, the 180 cpm and 80% duty cycle signal which
had "on"/"off" maximum light output ratio of just over 5:1, still
produced a signal capable of eliciting a response nearly as fast
as the 180 cpm and 60% duty cycle signal which had a contrast
ratio of just over 10:1. Apparently, the fact that the contrast
ratio between on/off light output for signals with long "on"
times was relatively low, due to the short period of time avail-
able for decay, is of lesser importance in determining response

time than the lamp intensity reached.

Another ANOVA was conducted to determine whether the signifi-
cant differences found at the 25% duty cycle are also prevalent
at the 15% duty cycle. This ANOVA evaluated the 15-80% duty cycle

lPercentages of maximum light output are derived from the mean
rise and decay curves for a pair of type 1157 bulbs, Figure 4.2.
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range in combination with the 20-160 cpm range. The analysis
shown in Table 7.4 shows a significant (al.01) duty cycle main
effect in combination with a significant (af.01) Flash Rate x
Duty Cycle interaction. Significant Subject x Duty Cycle (uf.Ol)
and Subject x Flash Rate x Duty Cycle (a5.01) interactions were
also found, but are due to subject variability.

The significant interaction of flash rate and duty cycle
is represented in the table of interaction means, Table 7.2.
Significant response time mean differences indicated by the
Tukey (b) test are exhibited in Table 7.5. At the high flash
rate of 140 and 160 cpm the significant difference between 25%
and 80% duty cycles replicated the finding of the first ANOVA,
that those lamp "on" duration differences which represent large
differences in maximum lamp intensity, lead to response time
differences., In addition, the extremely short duration (low
intensity) of the 15% duty cycle is responsible for this "on"
time producing significantly longer response times than all the
other duty cycles (25-80% "on") over the range of 80 to 160 cpm
(except that no significant difference was found between 15%
and 25% at 160 cpm). This exception is explained by the fact
that at 160 cpm, the 15% (.056 sec) and 25% (.094 sec) "on"
times produce light outputs which are not visually different in
bright daylight since the light output ratio is only 7% to 23%
of maximum light output on the first flash (rising to 27% to 54%
by the third flash). Thus, the lack of a significant difference
in response times to 15% and 25% duty cycles at 160 cpm would
be expected to apply to all higher flash rates as well, since
higher flash rates would produce even lower intensity flashes.
At somewhat lower flash rates, i.e., 140 cpm and below, the
15% and 25% "on" times produce significantly different response
times; in these cases the light output ratio is minimally 9% to
33% of maximum light output on the first flash (rising to 31%
to 62% by the third flash). |
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TABLE 7.4. Analysis of Variance of Natural Log Transformed Response
Times of Sixteen Subjects to Daytime Presentations of
Turn Signals With Flash Rates of 20-160 cpm and Duty

Cycles of 15-80%.

RT ANALYSIS = 90%0ON R 3I2¢CPM CMITTEC

FACTOR CNDES

A EAALS RATE
R ECUALS SURJ
c EGUALS nuUTY

DIVISION OF VARTANCE

SOURCE nF SIIMS OF DFGREES OF MEAN RATIO
VARJATION SNUARFS FREEDOM SOUARES
Htoncaoaacooloo 75.‘23939 15 5,255992
AQ..I.I.II!O.!. M0863955F 7 u.123u222 0.69656
AB s sessoasennss 1R, 6M4R9 185 P.1771894 1,0608
c.'l....l...l.' 3“.57”55 5 6.91“91w 27.690**
Rcocooocoooooc. 18.72950 75 9.2097271 1.“95“**
ACyeesosesnnnse 11, 9”183 35 Me3137665 1,878U*x*
ABC.soesosasans RT,696014 525 L.1670408 1,1547*
WITHIN CELLS 93,16414 644 NelUULLUS
TOTAL 343,4551 1411

*as.OS

**as.Ol
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TABLE 7.5. Tukey (b) Tests of Log Transformed Response Time
Means Derived from the ANOVA in Table 5.4.

Duty Cycle| Flash Rate(s) Resulted in Mean Response Flash Rate(s)
(¢ "On") | (Cycles Per Min) Times That Were -- (Cycles Per Min)
15 100 Significantly longer than 60**% , 4Q**

25 60%, 140*%, 160** " 20
30-~80 - Not significant -

Flash Rate(s) |Duty Cycle(s)|Resulted in Mean Response |Duty Cycle(s)
(Cycles Per Min) (¢ "On") Times That Were -- (% "On")
20 15 Significantly longer than|25**, 30*%*,
60*, 75%, 80*
40 - Not significant -
60 15 Significantly longer than|80%
80 15 " 25%%  30%%*,
6O**  TS5k%
80**
100 15 " 25%*% 30%%,
60%*, T5%%,
80**
120 15 " 25%%  30%*,
60%*, 75%%,
80**
140 15 " 25%%  30%%,
60**  T5%%,
80%*
25 " 80%*
160 15 " 30%%, 60%**,
75%% gO**
25 " 80**
-
*0a=,05
*%07 01
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Therefore, there may be a daytime flashing signal intensity
threshold, for lamps similar to the 1157, such that, signals
whose intensity is low require a signal of minimally 20%-30%
greater intensity to produce a significantly different response

time between the two signals.

At 40 and 60 cpm and 15% "on" time the duration is large
enough to produce between 60-100% of maximum light output on
the first flash and 80-100% of maximum light output by the third
flash and therefore few significant differences are found between
response times to duty cycles at these flash rates. However,
the attention-getting quality of the flash may be low as evi-
denced by the long response times to these 15% "on" time signal

combinations.,

At 20 cpm the attention-getting characteristic of a 15%
duty cycle flash is low, as evidenced by the very long response
time, which is significantly longer than that of each of the
other duty cycles. This effect is not attributable to intensity
since 100% of maximum light output is reached at the "on" dura-

tion provided by this Flash Rate x Duty Cycle combination.

To more clearly demonstrate the Flash Rate x Duty Cycle
interaction which was found to be significant at the di,Ol
level in both analyses of variance, the response time means were
plotted in Figures 7.2 and 7.3. Figure 7.2 shows the interaction
effect most markedly by the association of low "on" times and
high flash rates (140-180 cpm) with increasing response times.
The fact that the short duration flashes produced long response
times is due to the lower lamp intensities produced at these
durations as previously shown.

Figures 7.4 and 7.5 show subject response variability as a
function of flash rate and duty cycle. These figures show that
subject response variability is high at both very low and very
high flash rates (see Figure 7.5).
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An analysis of the missed signals (RT > 8 sec) produced the

following totals:

Flash Rate (Cycles per Minute)
I 20 40 60 80 100 120 140 160 180 Total

Frequency of

Missed Signals 5 2 3 0 4 2 1 5 0 22

Percent "on" Time (Duty Cycle)

15 25 30 60 75 80 90 Tot.

Frequency of
Missed Signals

9 3 2 1 1 3 3 22

Without resorting to statistics it is evident from the data
that while no trend in frequency of misses occurs across flash
rates, there is an abnormality in the duty cycle data for the
15% "on" time cell. It is evident from the foregoing discussion
of these signals that their low intensity would make them dif-
ficult to see in daylight and thus lead to missed signals. The
missed signal rate overall was approximately 1.2% of all signals

presented.
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8. STUDY 2. EFFECT OF FLASH RATE, DUTY CYCLE, FLASHER START
MODE, REAR LIGHTING SYSTEM CONFIGURATION, AND AMBIENT
ILLUMINATION ON TURN AND HAZARD WARNING SIGNAL EFFECTIVENESS

The objective of this study was to evaluate a number of
variables which can affect turn and hazard warning signal effec-
tiveness, in day and night conditions. A delimited set of
combinations of flash rate and duty cycle were used based on

the results of study 1. 1In addition, the effect of the flasher

starting in the "on" and "off" mode was evaluated. However, it

should be noted that evaluation of this variable was only mean-
ingful when different signal modes were considered, such as the
effect of a stop signal preceding a turn signal, and when dif-
ferent system configurations were also evaluated. For example,
the effect of turn signals which were given by lamps different
from those which gave stop signals was evaluated. The effect

of lamp color was also evaluated, and this inherently meant

that the turn signal lamp was in a separate compartment from

that providing the stop signal or the presence (i.e., tail)

indication. For these reasons, three rear lighting system con-
figurations were considered the minimum that should be evaluated

in this test under day and night conditions.

SUBJECTS. A total of 28 daytime and 27 nighttime subject
runs were made. Several subjects had to be excluded because they
were not alert enough to maintain a constant response level as
determined by side task response and the number of missed signals
throughout the experimental session. Thus, the 26 subjects who
were run successfully at night were paired with 26 subjects who
were run successfully during the day. Eighteen of the subjects
successfully participated in both the day and night sessions.
These 18 subjects were used for the analyses so that a more
powerful statistical test could be applied. Preliminary ANOVA's
indicated that the reduced subject number did not affect the signi-
ficance of the results. Males and females were used as subjects

in equal numbers. The age span was 17 to 45 years with a mean
of 25 years.
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PROCEDURE. The same basic procedures as have been described
eariler (Section 7) were used in this test. However, the HSRI
rear lighting vehicle (Figure 8.1) powered its own lamps which were
amenable to changes of color and system operation characteristics.
These type 4416 lamps have rise and decay functions (Figure 8.2)
very similar to those found for type 1157 bulbs (Figure 4.2).
Because these lamps had to be operated at less than nominal
voltage, due to their greater light output relative to the type
1157 lamp, a electronic circuit was used to boost the light output
rise curve obtained at the lower voltages. This circuit was
calibrated to closely approximate the rise curve of a type 1157
bulb at 12.8 volts regardless of the voltage applied to the
type 4416 lamps. This enhancement was evaluated visually to
determine whether there was any detectable difference between
signals presented by the enhanced type 4416 lamps at the voltages
required and unenhanced type 1157 lamps operated at 12.8 volts.

No difference in signal appearance was detected. The test con-

ditions to be used are described below.

Night Test of Rear Signals. 1In this test the presence

lamps were lighted continuously. The red lamps operated at

8 candelas. The intensity of the signal lamps (turn or hazard
warning) were 110 candelas for red lamps and 275 candelas for

amber (yellow) lamps. The red lamp intensities are the same

as those used in the subjective test (Section 6) and objective
study (Section 7). The amber intensity was chosen to represent

the same increment over the minimum amber intensity allowed by

SAE J588d as was found to exist for the red lamps on the production
vehicle used in the earlier tests. The independent variables

evaluated were as follows:

1. sSignal modes: turn (left or right), hazard warning, stop

followed by turn* (after a variable interval of 1.5-4.5 secs).

*This signal will generally be represented by "stop-turn" in
tables and text and is accompanied by the flasher start mode in
parentheses when this information is appropriate.
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Figure 8.1 (a). The HSRI marking and
signaling research car.
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Figure 8,1 (b). The lamp control and
monitoring panel.
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SYSTEM 1
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(@— P+S+T— R
o )

SYSTEM 4

T—@®
®®\«f-/®®

SYSTEM 11

Figure 8.3. The rear lighting systems. (P=presence,
S=stop, T=turn, R=red, ¥=yellow.
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2. Rear lighting system: system 1, system 4, system 11,
(These systems are described in Figure 8.3.)

3. Flash start mode: on, off (for systems 1 and 4 only).

4. Duty cycle: 20, 30, 75 and 85 percent "on" time.

5. Flash rate: 20, 40, 60, 120, 150 and 180 cycles

per second.

Daytime Test of Rear Signals. The independent variables

evaluated in this test were the same as those listed above
for the night test. By using the same parameters during both day
and night conditions, ambient illumination (hereafter referred to

as "ambient") became a testable factor across all parameters,

DATA ANALYSIS. Each of the response times obtained in this
experiment were transformed to its natural log value, in order to
reduce the effects of response time skewness. Where a signal was
not responded to in eight seconds (i.e., a "missed" signal"), the
mean response time for that condition was used. An analysis of
variance (ANOVAl) was then conducted using signal, mode, flash
rate, duty cycle, rear lighting system, subjects, and ambient
(day and night) as factors. A second analysis of variance (ANOVA2)
was conducted to include the flasher start phase as a signal mode
factor for systems 1 and 4 [stop > turn (start- off) was evaluated
as a fourth signal mode]. Both analyses of variance were followed
by Tukey (b) tests to evaluate the significance of the'differences

between the various cell means.

RESULTS. The results of the first ANOVA are presented in
Appendix D. Eighteen sources of variance were found to be sig-
nificant at the o= .01 level. Of these 18 sources of variation
only four contributed over 5% of the variance. Of the four
primary sources of variance, two are main effects which are
included among an interaction which was significant at the o= .01
level. Variables found to be significantly contributing to the
variance at a level of 5% or greater were signal mode, flash rate,

system, and Mode x System. Only one other factor contributed over
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5% of the variance; ambient was found to contribute substantially
to the variance even though it was only significant at the o = .05
level. The individual factors each accounting for over 5% of the
variance, accounted for over 85% of the total response time

variance (when the random factor, subjects, is included).

The results of the second ANOVA are presented in Appendix E.
Fifteen sources of variance were found to be significant at the
o = .01 level. Of these fifteen sources of variance only four
contributed over 5% of the variance. Again, ambient was found
to contribute substantially (over 5%) to the variance, even
though it was not found to be significant (p < .05) in this analysis.
The main factors again were signal mode, flash rate, system, and
Mode x System. These factors and the random factor (subjects)
accounted for over 82% of the total response time variance. Thus,
an explanation of how these factors influence response time can

account for the primary results of both ANOVAs that were conducted.

Post hoc tests using the Tukey (b) test were conducted on all
factors of interest with the o = .01 level used to determine sig-
nificance. The results of these tests (Table 8.1) show that of
the signal modes presented the turn signal produces significantly
shorter response times than the stop-turn and hazard modes. The
hazard produces significantly longer response times than the other
modes presumably because both sides of the vehicle must be monitored

for flashing to avoid mistaking this signal for a stop signal.

The flash rate data show that the higher the flash rate the
shorter the response time, except within the 120-180 cpm region
where increasing benefits were not found due to the uniformly short

response times at these flash rate levels.

The separated function systems (11 and 4) were found to lead
to shorter response times than the single lamp (one side) com-
bined function system (l1). The system with the amber turn lamps
(11) also produced shorter response times than the system with
the red turn lamps (4).
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GEOMETRIC MEANS AND TUKEY

TABLE 8.1.

FORMED RESPONSE TIMES FROM ANOVAS 1 AND 2.

Signal Modes

(b) TESTS OF LOG TRANS-

Stop- Stop-
Anova Turn Turn(On) Turn(Off) Hazard
Anova 1 1.32 1.44 - 1.63
Anova 2 1.35 1.57 1.54 .1.78

Mode

Resulted in Mean Response
' Times That Were - -

Mode

Turn

Stop-Turn(Off)}

Significantly shorter than

{

Stop-Turn (0ff),

Stop-Turn (On)

Stop-Turn (0On) " " " Hazard
Flash Rate (cpm)

Anova 20 40 60 120 150 180

Anova 1 1.81 1.59 1.48 1.30 1.31 1.33

Anova 2 2.16 1.75 1.54 1.34 1.34 1.35

Flash Rate(s) (cpm)

Resulted in Mean Response
Times That Were - -

Flash Rate(s)

(cpm)

40,60,120,150,180 Significantly shorter than

60,120,150,180 " " n
120,150,180 " " "
System
Anova 1 4 11
Anova 1 1.71 1.42 1.28
Anova 2 1.61 1.50 -

, Resulted in Mean Response

20
40
60

I System(s)

System(s) Times That Were - -
11, 4 Significantly shorter than l 1
l l n n n 4
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The interaction of Mode x System is shown in Table 8.2.
Within system 1 the hazard and stop-turn modes have significantly
longer response times than the turn mode. Systems 4 and 11, on
the other hand, have hazard mode response times significantly
longer than turn and stop-turn response times which are relatively

low.

In the hazard mode response times are significantly quicker
to system 1l than to the other two systems. In this mode system 4
also has response times significantly shorter than those of
system 1. In the turn mode there were no significant differences
at the .0l o level. 1In the stop-turn (on) mode system 11 and
system 4 response times are significantly shorter than those to
system 1, but systems 4 and 11 do not differ significantly. In
the stop-turn (off) mode system 1 produced a significantly

shorter response time than system 4,

Systems 1 and 4 elicited response times that were signifi-
cantly different for all signal modes except the turn signal,
This indicates that functional separation is effective in pro-
ducing substantially quicker responses to the hazard signal
(by over 1/3 second) and to the turn (start-on) following a stop
(by over 6/10 second). System 11 which differed from 4 only in
the use of amber, lead to significantly shorter response times
only in the hazard mode. This Color x Mode interaction was
primarily responsible for the overall system effect which indi-
cated that system 11 with yellow (amber) produced shorter
response times than system 4, In the "off" flasher start mode,
the combined signal system (1) produced a response time to a
stop-turn signal equal to what was elicited by the turn (start-
on) mode. In both cases the turn can be perceived immediately.
In the "on" flasher start mode, the separated signal systems
(4 and 11) produced response times to the stop-turn signal

nearly equal to those elicited by the turn (start-on) mode.

Again, the turn signal can be perceived immediately in both
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* %

Note

TABLE 8.2

GEOMETRIC MEAN RESPONSE [TIME AS A FUNCTION
OF SIGNAL MODE, FLASHER START MODE,
AND REAR LIGHTING SYSTEM

Rear SIGNAL MODE
Lighting -
System Hazard Turn Stop-Turn (On) Stop-Turn (Off)
1 1.90 1.37 1.91¢% 1.37
4 1.67 1.33 1.30 1.76 **
11 1.37 1.26 1.21 ————

The expected value for this cell is the response time
(RT) to the unobscured system 1 stop-turn (off) signal
(1.37 seconds) plus the average amount of time the turn
signal was obscured by the stop signal (.569 seconds).
Thus, the expected stop-turn (on) response time is 1.94
seconds. The difference between the expected RT value
and that obtained is obviously not significant in this
case.

The expected value for this cell is the response time of
the similar undelayed signal (system 4 stop-turn (on)

RT = 1.30 seconds) + the average amount of time that the
signal was delayed by the flasher unit (.533 seconds).
Thus, the expected RT is 1.83 seconds which is obviously
not significant from that obtained in this case.

-- The average "on" time in this experiment was .569
seconds while the average "off" time was .533 seconds.

-- The finding that the expected response times were

not significantly different from those obtained supports
the assumption, within the parameter values tested, that
one can perceive illumination of a lamp (with relatively
fast rise and decay functions) as easily as extinction,
Therefore, in the case where a signal cannot be perceived
until a visual change occurs, the signal will elicit

a response time equal to the response time to a similar
unobscured/undelayed signal plus the amount of time that
the signal is obscured/delayed.
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instances. However, with the functionally combined system

(1) operating in a start-on mode, the stop-turn signal is
responded to with a response time that is not significantly
different from what would be expected if one added the average
interval that the turn signal is visually obscured by illumi-
nation of the stop signal (.569 seconds), to the response

time elicited by an unobscured turn signal following a stop
signal (1.37 seconds). Similarly, in the separated system
(4), the start-off stop-turn signal is responded to with a
response time which is not significantly different from the
response time which would be expected if one added the average
flasher delay interval, .533 seconds, to the response time
(1.30 seconds) elicited by a stop-turn signal which was not

delayed by the flasher mechanism.

Table 8.3a shows how response time varies as a function
of flash rate and signal mode. For the main factor mode, the
subjects responded to the turn signal significantly faster than
the other signal modes. They also responded to the stop-turn
significantly faster than to the hazard warning signal. For
the main factor flash rate, the subjects responded to 120, 150
and 180 cycles per minute flashes quite fast with no signifi-
cant differences between them. All of these high flash rates
were responded to significantly faster than the 20, 40, and
60 cpm flash rates. These differences in response time asso-
ciated with flash rates are primarily a function of similar
significant differences between flash rates in the hazard and
stop-turn modes. Within the turn mode, however, 20 cpm was
indicated as being significantly slower than 120 cpm and 180
cpm, while 60 cpm also was indicated as producing response
times significantly longer than those associated with the 120

cpm flash rate.

These results are gquite similar to those obtained in the
other analysis (Table 8.3b) which included start mode. For the
main factor mode, the significant results are the same with

stop-turn in either the start-off or start-on mode (no significant
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TABLE 8.3a

GEOMETRIC RESPONSE TIME AS A FUNCTION OF
FLASH RATE AND SIGNAL MODE--ANOVA 1.

Flash Rate (Cycles Per Minute)
Mode 20 40 60 120 150 180
Hazard 2.34 1.79 1.60 1.40 1.41 1.43
Turn 1.40 1.36 1.37 1.25 1.29 1.26
Stop=+Turn , 1.81 1.65 1.48 1.26 1.24 1.29

TABLE 8.3b
GEOMETRIC RESPONSE TIME AS A FUNCTION OF
FLASH RATE AND SIGNAL MODE--ANOVA 2.

Flash Rate (Cycles Per Minute)
Mode 20 40 60 120 150 180
Hazard 2.87 2.04 1.70 1.45 1.47 1.50
Turn 1.48 1.43 1.36 1.26 1.29 1.29
Stop~»Turn (On) 2.20 1.84 1.59 1.33 1.32 1.34
Stop+Turn (Off) 2.37 1.74 1.52 1.34 1.30 1.27
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difference overall across systems 1 and 4). The stop-turn

in either start mode produced response times significantly
shorter than those produced by the hazard signal mode, but
significantly longer than those produced by the turn signal
mode. For the main factor flash rate, the subjects responded
in a fashion such that the results of the start-off mode were
the same as those obtained in the start-on mode in terms of
significant differences in the results. 1In both start modes
the 120, 150, and 180 cpm flashes were responded to signifi-
cantly quicker than the 20, 40, and 60 cpm flashes. Within

the turn mode, however, 20 cpm was indicated as being signi-
ficantly slower than 120, 150, and 180 cpm, while 40 cpm also was
indicated as producing response times slower than those associ-
ated with the 120 cpm flash rate.

The actual response time values associated with the inter-
action of mode and the flash rate are presented in Table 8.4
as a function of system. Most noteworthy of the effects shown
is that the response time differences which do exist between
these systems decrease as flash rate increases. For example,
at 20 and 40 cpm systems 1, 4, and 11 are significantly
different, at 60 cpm the difference is smaller and only 1 and
4 are significantly different, and at 120, 150, and 180 cpm
the differences are minimal and non-significant (except for an
apparent abberation resulting in a significant difference
between 1 and 11 at 180 cpm). In the turn mode system 1
produces a significantly longer RT than systems 4 and 1l at
20 cpm, while at 40 cpm system 11 produces a significantly
shorter RT than the other systems, but at 60-180 cpm there
is no significant difference between systems. In the stop-
turn (on) mode system 11 elicits significantly shorter RT's
than system 1 at all flash rates. However, the magnitude of
the improvement in RT offered by system declines as flash rate

is increased to 120 cpm. Thereafter, the effect is nearly
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TABLE 8.4

GEOMETRIC MEAN RESPONSE TIME AS A FUNCTION
OF SIGNAL MODE, FLASHER START MODE, FLASH

FLASH RATE FLASH RATE

FLASH RATE

RATE AND REAR LIGHTING SYSTEM.

Signal Mode
Stop ~» Stop -~
CPM |Hazard Turn Turn(on) Turn(Off)
20 | 3.47 1.61 3.44 1.89
20 | 2.20 1.43 2.36 1.47
60 | 1.81 1.35 1.95 1.37
120 | 1.46 1.25 1.51 1.22 SYSTEM 1
150 | 1.47 1.30 1.41 1.19
180 | 1.58 1.29 1.44 1.18
overall| 1.90 1.37 1.91 1.37
20 | 2.37 1.35 1.41 2.97
40 | 1.89 1.44 1.44 2.06
60 | 1.59 1.37 1.30 1.69
120 | 1.43 1.28 1.16 1.47 SYSTEM 4
150 | 1.47 1.29 1.23 1.42
180 | 1.43 1.30 1.25 1.36
overalll| 1.67 1.33 1.30 1.76
20 | 1.56 1.26 1.21 -
40 | 1.38 1.22 1.32 -
60 | 1.41 1.38 1.28 -
120 | 1.32 1.22 1.13 SYSTEM 11
150 | 1.30 1.29 1.10 -
180 | 1.30 1.20 1.20 -
Overalll] 1.37 1.26 1.21 -
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constant, Thus, flash rates of 120-180 cpm minimized response
time differences between systems and color had no effect on
response time at these high flash rates. The stop-turn mode
demonstrates that system 1 is capable of producing response
times in this mode equal to those obtained using systems 4 and
11, if the flash rate is high and the system incorporates a
start-off flasher for the stop-turn signal while retaining a

start-on flasher for the turn signal.

The Flash Rate x Duty Cycle interaction shown in Table 8.5
indicates that 120-180 cpm response times at all duty cycles
tested were significantly shorter than response times to 20-60
cpm flash rates. For the 30-85% "on" times the response times
elicited by the 40 and 60 cpm flash rates were also significantly
shorter than those obtained at the 20 cpm flash rate. However,
at 20% "on" time, the mean response times to 20 and 40 cpm were
not shown to differ and both means were significantly longer than

that obtained at 60 cpm.

Data are presented in Tables 8.6-8.8 which show the signifi-
cant interaction of flash rate and duty cycle with signal mode
for all three rear lighting systems., Basically, the results show
that the turn signal mode was less sensitive to the Flash Rate x

Duty Cycle interaction than the hazard and stop-turn modes.

The interaction of signal mode, duty cycle, and system is

presented in Table 8.9. For the hazard signal, as the duty cycle
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TABLE 8.5

GEOMETRIC MEANS AND TUKEY (b) TESTS OF
LOG TRANSFORMED RESPONSE TIMES FOR THE
FLASH RATE AND DUTY CYCLE INTERACTION

FOUND SIGNIFICANT IN ANOVA 1.

"on" Flash Rate (cpm)

Time 20 40 60 120 150 180
20% | 1.62 1.67 1.45 1.29 1.37 1.31
30% 1.76 1.54 1.42 1.29 1.26 1.32
7%¢ | 1.96 1.56 1.53 1.31 1.30 1.33
85% | 1.91 1.58 1.53 1.32 1.34 1.34

Flash Rate(s)

Resulted in Mean
Response Times

Flash Rate(s)

(cpm) That Were--- (cpm)
120, 150, 180 | Significantly.
shorter than 20, 40, 60

For "on" time

s of 20, 30, 75 and 85 percent

40, 60

Significantly
shorter than

20

For "on" times of 30, 75 and 85 percent

60

For

Significantly
shorter than

on" times of 20 percent

74

20, 40



GEOMETRIC RESPONSE TIME FOR SYSTEM 1 AS A
FUNCTION OF FLASH RATE, SIGNAL MODE AND

TABLE 8.6

n ON "

TIME

Flash Rate (Cycles Per Minute)

ey
Mode 20 40 60 120 150 180 | oo
Hazard 2.31 1.83 1.70 1.27 1.36 1.54
Turn 1.49 1.62 1.34 1.23 1.35 1.31| ..o
Stop~Turn (On) | 2.98 2.05 1.66 1.42 1.32 1.45
Stop™Turn (Off) | 1.89 1.71 1.46 1.20 1.29 1.1l1
Hazard 3.56 1.86 1.50 1.51 1.36 1.49
Turn 1.51 1.33  1.20 1.14 1.27 1.43
Stop~Turn (On) | 2.99 2.21 1.76 1.31 1.19 1.26 | °O0%
Stop»Turn (Off) | 2.46 1.58 1.42 1.17 1.08 1.09
Hazard 4.02 2.36 1.98 1.45 1.47 1.48
Turn 1.74 1.39  1.45 1.32 1.22 1.24
Stop~Turn (On) | 4.06 2.53 2,11 1.58 1.56 1.50| '°%
Stop~Turn (Off) | 1.75 1.39  1.27 1.17 1.13 1.20
Hazard 4.41 2.93 2.14 1.63 1.73 1.85
Turn 1.73 1.38  1.42 1.31 1.36 1.20
Stop~Turn (On) | 3.86 2.70  2.35 1.79 1.60 1.55| °°%
Stop+Turn (Off) | 1.54 1.23  1.33 1.33 1.26 1.35
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FUNCTION OF FLASH RATE, SIGNAL MODE AND

TABLE 8,7
GEOMETRIC RESPONSE TIME FOR SYSTEM 4 AS A

"ON" TIME

Flash Rate (Cycles Per Minute)

Mode 20 40 60 120 150 180 | oo
Hazard 1.88 1.82 1.55 1.41 1.50 1.34
Turn 1.40 1.57 1.30 1.34 1.39 1.26 20%
Stop+Turn (On) | 1,27 1.61 1.22 1.08 1.34 1.22
Stop-»Turn (Off) | 4.19 2.67 2.13 1.73 1.58 1.42
Hazard 2.35 1.76 1.50 1.51 1.54 1.40
Turn 1.28 1.43 1.46 1.30 1.21 1.37 30%
Stop+Turn (On) | 1.43 1.54 1.39 1.29 1.18 1.27
Stop?Turn (0ff) | 3,75 2.29 1.89 1.45 1.45 1.41
Hazard 2.96 2.16 1.60 1.33 1.35 1.46
Turn 1.36 1.41 1.42 1.27 1.24 1.28
StopsTurn (On) | 1.42  1.22 1.35 1.21 1.30  1.37 | '°%
Stop-»Turn (Off) | 2,48 1.64 1.46 1.45 1.28 1.34
Hazard 2.43 1.87 1.74 1.49 1.49 1.53
Turn 1.38 1.36 1.32 1.20 1.33 1.28
Stop»Turn (0n) | 1.54  1.42 1.24 1.09 1.21 1.1 | B°%
Stop»>Turn (Off)| 2,01 1.79 1.41 1.27 1.39 1.30
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GEOMETRIC RESPONSE TIME FOR SYSTEM 11 AS A

TABLE 8,8

FUNCTION OF FLASH RATE, SIGNAL MODE AND "ON"

TIME

Flash Rate (Cycles Per Minute)

Mode 20 40 60 120 150 180 ;23;_
Hazard 1.40 1.56 1.55 1.36 1.43  1.31 |
Turn 1.34  1.29 1.45 1.29 1.33  1.22
Stop»Turn (On) |1.22  1.84 1.34 1.22 1.29 1.21 | 20%
Stop~Turn (Off)¥ 3.62  3.04 2,14 1,62 1.61  1.48
Hazard 1.43  1.44 1.28 1.30 1.22  1.35
Turn 1.32  1.31 1.39 1.12 1.30  2.72
Stop»Turn (on) | 1.25  1.21 1.33 1.19 2.08 1.22 | °0%
Stop-Turn (OFf)¥ 3.35  2.26 2.03 1,54 2.36  1.45
Hazard 1.86 1.29 1.42 1.34 1.31  1.29
Turn 1.27  1.17 1.38 1.28 1.25  1.19
Stop»Turn (On) | 1.13  1.20 1.23 2.23 1.35 1.23 | /'°%
Stop>Turn (Off)¥ 1.88  1.58 1.48 2.36 1.45  1.31
Hazard 1.58  1.26 1.41 1.28 1.26  1.24
Turn 1.12  2.66 1.31 1.20 1.26  1.29
Stop»Turn (On) | 1.25  1.12 1.24 1.50 1.25 1.16 | B8°%
Stop»Turn (OFfM| 1.70  1.35 1.39 1.58 1.31  1.21

*Estimated Response Times which were computed by

adding the flasher delay interval to the stop-turn (on)
response time,
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TABLE 8.9

THE SIGNIFICANT MODE x DUTY x SYSTEM INTERACTION
OF GEOMETRIC MEANS FROM ANOVA 1

Signal _ System "On"
Mode 1 4 11 Time
Hazard 1.63 1.57 1.43

Turn 1.38 1.37 1.32 20%
Stop~>Turn (On) | 1.74 1.28 1.34

Hazard 1.77 1.65 1.33

Turn 1.31 1.34 1.25 30%
Stop>Turn (On) { 1.69 1.35 1.21

Hazard 1.97 1.73 1.41

Turn 1.38 1.33 1.26 75%
Stop~Turn (on) | 2.07 1.31 1.15

Hazard 2.29 1.73 1.33

Turn 1.39 1.31 1.21 - 85%
Stop-Turn (On)| 2.19 1.25 1.14
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increased so did the magnitude and the number of significant
differences between systems. For the stop~turn (on) the same
holds true. However, for the turn signal there were no signi=-

ficant differences, except at the 85% "on" time, where system 11
did produce significantly shorter response times than system 1.
Across modes, systems 11 and 4 had response times that were
significantly shorter than system 1 at all duty cycles tested.

In addition, system 11 had response times that were significantly
shorter than system 4 at all duty cycles, except 20% "on" time,
Amber lamps afforded System 1l a response time advantage over

system 4 in the hazard and stop-turn modes at both 30 and 75%

on" times and in the hazard mode at 85% "on" time.

The other interactions all involve the ambient lighting
condition., Table 8.10 exhibits the geometric means for day and
night which were significantly different at the a = .05 level
with the night condition associated with the shorter response
times. The Ambient x Flash Rate interaction is also shown in
Table 8.10. Both day and night conditions show lower response
times at 120, 150 and 180 cpm. At night there is a significant
decrease in response time for each increase in flash rate up to
120 cpm, beyond which response time is stable. In the daytime
the results are similar except that there is no significant

response time differential between 20 and 40 cpm,

The interaction of ambient with mode is shown in Table 8.lla
and with system is shown in Table 8.,1lb, In daytime and night-
time the response times associated with the hazard signal were
longer than those associated with the other modes. At night the
response times to the stop-turn (on) were also longer than those
to the turn signal. 1In both day and night conditions the sepa-
rated function systems were associated with shorter response
times than the combined function system, At night the system
using amber (yellow) also elicited shorter response times than
the all red separated system. This may be due to the fact that
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TABLE 8.10

RESPONSE TIME (SEC) AND TUKEY (b)
TESTS FOR DAYTIME, NIGHTTIME, AND
THE AMBIENT x FLASH RATE INTERACTION

Flash Rate (cpm)

Geometric
20 40 60 120 150 180 Mean

Daytime 1) g1 1.72 1.59 1.38 1.39 1.40| 1.54

Nighttime |1.80 1.46 1.37 1.23 1.24 1.25 1.38

Resulted in
Flash Rates (cpm) Mean Response Flash Rate(s)
Times That Were--
120, 150, 180 Significantly
Shorter Than 20, 40, 60
60, 120, 150, 180 " " 20, 40
40*, 60, 120, 150, 180 " " 20

*Significant at night only
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TABLE 8.1lla

GEOMETRIC MEAN RESPONSE TIME (SEC)
AND TUKEY(b) TESTS FOR THE
MODE x AMBIENT INTERACTION

Signal Mode
Stop-+Turn
Hazard Turn (On)

Day 1.70 1.45 1.48
Night 1.57 1.20 1.40

Mode Mode
Turn, Significantly |[Hazard
Stop-Turn shorter than

(on)
Turn* " " Stop-Turn (on)

*Significant at night only

TABLE 8.11b

GEOMETRIC MEAN RESPONSE TIME (SEC)
AND TUKEY(b) TESTS FOR THE

SYSTEM x AMBIENT INTERACTION

System
1 4 11
Day 1.82 1.45 1.38
Night 1.60 1.40 1.18
Resulted in
System Mean Response System
Times That Were--
11, 4 Significantly 1
Shorter Than
ll* " " 4

*Significant at night only
81



at night the higher intensity of the amber was more readily
perceptable.

The Mode x Duty x Ambient interaction demonstrated that the
interactions previously discussed from Table 8.11 are not en-
tirely consistent across duty cycle with abnormalities primarily
confined to the 20% "on" duty cycle. The Rate x Duty x Ambient
interaction demonstrated that in the daytime as duty cycle

increased, the number of significant differences between flash

rates decreased (i.e., at 85% "on" time only 20 cpm was signifi-
cantly different from other flash rates [60, 120, 150, 180]).

At night the number of significant differences between the flash
rates increased as duty cycle increased (i.e., at 85% "on" time

20, 40, and 60 cpm were significantly different from nearly all

other flash rates).

The Flash Rate x System x Ambient interaction demonstrated
that System 1 had the same number of significant flash rate
differences in both day and night indicating that under both
conditions, 20, 40, and 60 cpm elicited response times signifi-
cantly longer than all flash rates higher than themselves, Thus,
and acceptable flash rate span for System 1 should probably
exclude 20-60 cpm.

For System 4, this reasoning would, in the daytime, exclude
flash rates of 20 and 40 cpm and at night exclude only 20 cpm.
For System 11 it would not be necessary to exclude any flash
rates from consideration at night as no significant difference
between flash rates was determined. However, the daytime data
for System 11 were inconsistent and it could not be determined
whether a wider span of flash rates could also be used with

System 11 in the daytime.
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An analysis of the missed signals (RT > 8 sec.) produced

the following totals:

Flash Rate (Cycles per Minute)
20 40 60 120 150 180 Total

Frequency of
Missed Signals

60 33 28 22 15 12 170

Duty Cycle (% "on" Time)
20 30 75 85 Total

Frequency of
Missed Signals

43 40 29 58 170

Signals were missed at an overall rate of 1.8% of all
signals presented. Since there appeared to be a significant
trend associating flash rate and response time, statistical
tests of significance were performed. These tests included "on"
time as a factor since there were apparently significant dif-

ferences also associated with "on" time.

Using a conservative statistical model with the highest
order interaction as the error term, several significant effects
were found. An ANOVA (lm) of frequency of missed signals in-
volving all three rear lighting systems with the flasher start-
ing in the on mode indicated that flash rate and Flash Rate x
System were significant at the o = ,01 level. Similarly, an
ANOVA (2m) involving systems 1 and 4 in both on and off start

modes indicated the same factors were significant,

In ANOVA (lm) 20 cpm was shown to produce significantly
more missed signals than any other flash rate for system 1.
This finding was also found in ANOVA (2m). For system 4, 40 cpm
was found to produce significantly more missed signals than
180 cpm, while for system 11 the analysis indicated that no
flash rate produced more missed signals than any other. ANOVA
(2m) concurred in the system 4 effect but showed a significance

level of p < .05. ANOVA (lm) indicated that the stop-turn mode
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elicited significantly more misses than the hazard mode. 1In
ANOVA (2m) this was not shown to be significant. Duty was not
shown to have an effect upon the miss rate of flashes starting

in the "on" mode. However, when the "off" mode was included

for stop-turn signals, 85% on time was shown to be associated with
significantly more misses than 75% "on" time, This is primarily
due to the poorer performance of 85%"on" time at night, where it
elicitec significantly more misses than 75% and 25% "on" times.
System 11 produced significantly (p < .05) fewer misses at night
than during the day (high intensity may be a factor) and had a
significantly lower nighttime miss rate than both systems 1 and
4., This effect is shown in Table 8,12a. Table 8.12b is similar
to the previous table, but the number of missed signals occurring
in systems 1 and 4 in the flasher start off mode is also included.
System 11 was not presented in the flasher start off mode, since
the results would be similar to those obtained with system 4,
Therefore, the 11+ column was constructed to give an estimate of
the number of misses that would have been expected if system 11
had been presented in both start modes., This table demonstrates
that system 11 would probably have produced fewer misses than
systems 1 and 4 at night even if both flasher start modes had

been used for the stop-turn signal.
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TABLE 8.12a

FREQUENCY OF MISSED SIGNALS (RT > 8 sec)
FOR THE HAZARD, TURN, AND STOP-TURN (ON) *
SIGNAL MODES

System
1 4 11
Day 28 17 28
Night 26 26 9
Total 54 43 37

*Flasher start phase

TABLE 8.,12b

FREQUENCY OF MISSED SIGNALS (RT > 8 sec,)
FOR THE HAZARD, TURN, STOP-TURN (ON)* AND
STOP-TURN (OFF)* SIGNAL MODES

System
1 4 11 %+ 11+1
Day 37 23 28 34
Night 36 37 9 20
Total 73 60 37 54

*Flasher start phase
**start "on" mode only

lThese values include the frequency expec-
ted in the stop-turn (off) mode assuming that
amber has no effect. Thus, these figures re-
present the maximum expected frequency across
all 4 signal modes presented.
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9. DISCUSSION OF RESULTS

The superiority of the 120-180 cpm flash rates in elicit-
ing short response times in the modes that were difficult to
perceive (hazard and stop-turn) is shown (Table 8.4) by the
fact the mean response times for these high flash rates are
equal to or less than 1.30 seconds for unimpeded stop-turn sig-
nals in all three systems. The turn signals presented at these
flash rates also have mean response times equal to or less than
1.30 seconds. Similarly, at 120-180 cpm all three systems
elicited their shortest mean response times to the hazard signal.
The attention getting hazard signal produced by system 11 (as
evidenced by its significantly shorter mean response time) elicited
mean response times equal to or less than 1.32 seconds. Therefore,
the consensus is that the high flash rates (120-180 cpm) which
are significantly more attention getting, elicited mean response
times of less than 1.33 seconds in this experimental paradigm.
Therefore, the goal of a response time to a turn signal of less

than 1.33 seconds seems desirable in this experimental paradigm.

It also seems reasonable to desire this goal to be met in
cases where a stop precedes the turn signal, One counter argu-
ment is that in the stop-turn signal mode, the following driver
has been warned by the stop signal that the lead car is decelerat-
ing or about to decelerate. Thus, whether the driver then
signals a turn and/or executes a turn maneuver is of little
consequence., However, this argument is weakened by the poten-
tial occurrance of specific incidents. 1In the first case, a
disadvantage accrues when the brake lights are malfunction-
ing or inoperable and the turn signal is delayed because the
flasher started in the "off" mode (especially for flash rates of
60 cpm or lower). In other cases, response time to the stop-turn
is critical when the lead driver is riding the brake lightly for
a long enough period, that the following driver ignores the

"potential deceleration message"; in this case the turn signal
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becomes the deceleration signal just prior to the turn maneuver.
This case occurs in situations where some drivers drive for long
periods while resting their foot on the brake pedal, and where
drivers use the brake to decelerate slightly when approaching

an intersection, and then signal a turn just as the vehicle
undergoes rapid deceleration in order to make the turn maneuver,
In the latter instance, the following driver often cannot predict
that the lead driver will turn after he has decelerated slightly,
because in many instances he proceeds straight through an inter-

section after his cautious approach.

In this experimental paradigm all three rear lighting
systems were capable of meeting the goal of having a 1.33 second
response time to turn and stop-turn signals. This requires sys-
tems to be paired with particular flash rates for certain duty
cycles and flasher start modes. Functional separation allows
more latitude in the selection of these combinations. Amber was
not shown to be effective in daytime to reduce response times.
However, amber was shown to be very effective at night, but this

may be due to its higher intensity.

Using Table 8.4 as a guide to choose flash rate, mode, and
system combinations leads to the various possibilities for
effective flasher design for the three rear lighting systems.

It should, however, be remembered that by choosing appropriate
duty cycle regions more latitude can be gained for specification

of flash rate and start mode.

The response time goal for effective flasher design was
met by system 1 in both the turn (on) and stop-turn (off) modes
for flash rates from 120-180 cpm. - The start on flasher now in
prevalent use in the U.S. was not able to meet this goal in
broad system 1 application because of the excessively long
response times in the stop-turn (on) mode at all flash rates
(except 150 cpm). AThe start off flasher did meet the goal in
the stop-turn mode for the same flash rates that were effective
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for the turn mode. However, unless a vehicle employed a
start off flasher for the stop-turn mode and a start on
flasher for the turn mode, the start off flaéher used to meet
the stop-turn mode goal would also have to function for the
turn mode. It may be possible for the start off flasher to
function effectively in both signal modes since the expected
system 1 response time is 1.25-1.30 seconds + the flasher
delay interval. The flasher delay time required is thus
approximately .03-.08 seconds. This required delay is pro-
vided by flash rates of 150-180 cpm paired with "on" times

of approximately 80% or larger.

System 4 met the response time goal in both the turn and
stop-turn modes with a start on flasher which had a flash rate
of 120-180 cpm.

System 11 met the response time goal for both turn and
stop-turn modes with a flasher starting in the on mode which
had a flash rate of 20-180 cpm. However, during the daytime
system 11 would have to be restricted to whatever flash rate
range is effective for system 4 since the wider flash rate
range for system 11 is apparently due to short response times
occasioned by higher intensity flashes at night. It should be
noted that the flash rate span that is effective for system 4
is not 120-180 cpm as one might infer from the discussion of
system 4 above. This is because many flash rates not tested
would have probably provided nearly as good response time per-
formance, as indicated by the fact that at 60 cpm system 4
nearly meets the response time goal. Thus, the effective flash

rate span for system 4 is probably about 80-180 cpm.

Previous extensive stﬁdies of rear lighting reported by
Mortimer (1970) have found that system 1 (functionally com-
bined) produced longer response times than all other systems
with which it was compared. Based on this finding Mortimer

urged that system 1 be replaced with a system employing more
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functional separation and redundant color coding and attempted
via simulation studies to show the real world effect that such
improved rear lighting systems would have on accident frequency

and crash severity.

Mertimer used a 60 cpm - 75% on time flash signals which in
effect would cause a delay interval (DI) of .75 seconds to be
added to the response times in signal modes where the signal
being measured was visually masked by a preceding signal, such
as the system 1 stop-turn mode. A 1.941 second RT was reported
(Mortimer, 1970, p. 35) for this case. This response time is
composed of a .75 delay interval (DI) +a 1.191 response time to
the visual change caused by the turn signal. Therefore, the
magnitude of the overall system 1 response time differences
reported by Mortimer would be reduced substantially by advan-
tageous use of flasher start mode. System 3 (Mortimer, 1970)
which has separated stop signals only, then would become the
rear lighting system which produced the longest response time
(rather than system 1). The long response time of system 3
(proposed in Docket No. 69-19, notice 3) in the stop-turn mode
may be due to the separate stop inhibiting perception of the
turn/presence intensity change since both systems had a flashing

red turn overlaid on a red presence lamp.

The static research and earlier dynamic city driving
research by Mortimer (1970) demonstrates that in situations
where attention level is high (e.g. in an experimental setting
and/or in heavy traffic), drivers generally respond to the first
(1st) flash of a turn signal. This must be the case since even
in the dynamic studies using a 1.00 second flash cycle, response
times to the turn signal varied from 1.01 to 1.16 seconds. Since
some minimal time is required for a finger-button response, sub-
jects must have responded to the first flash. Therefore, it is
important that the first flash be an effective flash. Also, 1in
many typical lane change maneuvers the vehicle intrudes upon
the next lane after only a few flashes have occurred and the

driver then cancels the turn signal. Thus, thc characteristics
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of the turn signal during the first five (5) flashes are of

practical importance in real driving situations.

For a lamp with a particular light output characteristic
such as exhibited in Figure 3.2, there is a minimum time re-
quired for both the "on" ard "off" durations to reach light
output levels consistent with the notion of a "good flashing
signal." Figure 3.2 shows that 1f one assumes that a flashing
1157 lamp should reach its maximum brightness in the first "on"
phase, that .325 seconds is required and at 150 cpm a duty cycle

of 82¢ "on" time is reguired. This "on" time can be derived for

any lamp brightness criterion from the following formula:

Time Duration (Sec) Recuired toc . Time (Sec) Regquired _ Percent Duty

Reach Criterion Lamp Brightness =~ to Complete a Cycle Required

On Figure 9.1 the maximum brightness criterion is indicated by
the 100% line. All points above the 100% line reach maximum
brightness in the "on" phase. It is of interest that nearly
one-half of the SAE J590b rectangle falls below this line. To
include the entire SAE J590b rectangle requires having a line go
through the lower right corner so that the entire rectangle falls
above the criterion line. When this is done it is found that
this criterion is 64% of maximum brightness. Clearly, if the
intensity standards are meaningful they should be applied to
flashing lamps in a manner that will ensure that effective inten-
sities of flashing lamps are comparable to those of steady lamps.
In other words, the minimum effective intensity should be spec-
ified to apply to both steady state (stop) signals and flashing
(turn) signals. This might allow flashing signals to be of
slightly reduced luminance in cases where it could be demon-
strated that due to the Broca-Sulzer effect the effective inten-
sity was greater than that obtained for a steady state light of
the same luminance. However, it would require cach flash of a
turn signal to have an effective intensity at least equal to the
minimum required by SAE J588d (turn signal lamps) which requires

the same intensities for red as is required for SAE J586b (stop-

lamps) .
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10. CONCLUSIONS

1. Subjective test data indicated that flash rates of 40-
180 cpm were acceptable when combined with a reasonable duty
cycle that ensured an adequate level of intensity and on/off

light output contrast.

2. "On" times of 30-80% did not produce statistically
different turn signal response times for flash rates of 20-180

cpm.

3. Response time data indicated that 15% "on" time was too
low to be a viable duty cycle for flash rates ranging from 20-180

cpm.

4. Response time data also indicated that 25% "on" time
was associated with long response times at the higher flash rates
(esp. 180 cpm). The suitability of a duty cycle of 25% "on" time
or less in eliciting an adequate response time depends upon the

flash rate with which it is paired.

5. Flash rates of 120-180 cpm produced shorter response

times than flash rates of 20-60 cpm.

6. For automotive rear lighting systems with combined
function lamps the start "on" flasher is particularly disadvanta-

geous in the stop-turn mode.

7. The difference between a start "on" and start "off"
flasher is greatly decreased with increased flash rates of
120-180 cpm.

8. Duty cycles of up to 85% "on" time were capable of
eliciting good response time performance. However, 85% "on"
time was associlated with a high missed signal rate at night when

the flasher started in the "off" mode.

9. Start "off" flashers with short signal delay times, i.e.,
short "off"/long "on" durations paired with high flash rates, are

capable of eliciting good response time performance.

10. Amber (yellow) as used in system 11 was found to be
advantageous 1in eliciting short response times in the hazard mode
and resulted in few missed signals at night.
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11. RECOMMENDATIONS

1. The turn signal flasher standard should include flash
rate and duty cycle for the first five consecutive cycles with

attention given to ensure an adequate first and second flash.

2. The turn signal should produce at least the minimum
effective intensity required for such a signal on the first
flash and all subsequent flashes. [In effect this would cur-
rently require each turn signal flash to have an effective
intensity of at least 80 candlepower for red lamps and 200

candlepower for yellow lamps.]

3. The turn signal should incorporate a voltage on/voltage
off light contrast level equivalent to that required at the H-V
for turn signal lamps combined with tail lamps (parking lamps).
[In effect this would currently require a light contrast level

of 5:1 for turn signals in the voltage on/off phases].

4, Flash rate, "on" time, and bulb combinations should be
capable of eliciting a reasonable response time which may be
approximated by response times of 1.33 seconds or less in the
experimental paradigm in Study 2. This criterion should also be
met where the turn signal is preceded by a stop signal. Keep in
mind that response time differences in this study will be re-
flected in the real driving environment although response
magnitudes may be increased greatly. [In effect this would
determine potential flash rate, duty cycle, start mode, and sys-
tem combinations. For example, flash rates of 60 cpm or less
would be excluded for all duty cycles. Flash rates of 80-180 cpm
would be permitted for various duty cycles between 20-85% "on"

time. ]

Using the currently common type 1157 bulb with a tungsten
filament operated at 80 cpm on the first flash, the entire 20-
85% duty cycle range could probably meet all of the above recom-
mendations. At 120 cpm, duty cycles at the low end of the "on"
time range would be prohibited. Thus, duty cycles of approxi-

mately 50-85% "on" time might be required. By 140 cpm, the duty
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range would be further restricted to possibly 65-85% "on" time.
Flash rates of 180 cpm would meet recommendations 2 and 4 at

high flash rates, but would fail to meet recommendation 3 except

within a narrow band of "on" times of approximately 70-80% "on"

time.

5. Research should be conducted to determine whether
school bus lamp, flash rate, and "on" time combinations "permit
the bulb to come up to full brightness" as is specified in
SAE J887, School Bus Red Signal Lamps.

6. Research should be conducted upon the strobe light
warning systems to determine their effectiveness as school bus
"loading" lamps, turn or hazard warning signals, and flashing
warning lamps for authorized emergency, maintenance and service
vehicles. Standards should be promulgated to permit effective
strobe lamps to serve these functions while prohibiting lamp
light output and location combinations that are visually dis-

abling.

7. A survey should be made of the extent of the problem
caused by adding campers and various types of trailers onto
vehicles equipped with fixed load flashers. Adding additional
electrical load onto these flashers alters the signal to an
extent that requirements of SAE J590b and J588d may both be
violated. Some aspects of this problem have been noted by
Ford Motor Company in docket 73-33, notice of which appeared
in Federal Register, vol. 39, p. 822, 1-3-74.

8. Research should be conducted upon flashing decelera-
tion signals to determine whether they enhance the effective-
ness of rear lighting systems and whether any confounding
effects occur when the turn signal is activated or the brakes

are pumped while the deceleration signal is operating.

96




LITERATURE REVIEW REFERENCES

Brown, I.D. and Gibbs, C.B. "Flashing Versus Steady Lights as
Car Turning Signals: The Effects of Flash Frequency and
Duration of Flash," Medical Research Council Applied Psy-
chology Unit Report No. 245/58, 1958.

California University, "Motor Vehicle Rear Lighting and Signaling,"
Institute of Transportation and Traffic Engineering, Univer-
sity of California, Berkeley, Calif., 1968.

Crawford, A. "The Perception of Light Signals: The Effect of
a Number of Irrelevant Lights," Ergonomics 5, 417-428, 1962,

Crawford, A. "The Perception of Light Signals: The Effect of
Mixing Flashing and Steady Irrelevant Lights, Ergonomics 6,
287-294, 1963.

Forbes, T.W. "Some Factors Affecting Driver Efficiency at Night,"
39th Annual Meeting of Highway Research Board, Washington, D.C.,
1960.

Gerathewohl, S.J. "Conspicuity of Flashing Light Signals: Effects
of Variation Among Frequency, Duration and Contrast of the
Signals," Journal of Optical Society of America, 47, 27-29,
1957.

Gerathewohl, S.J. "Conspicuity of Steady and Flashing Light Signals:
Variation of Contrast. Journal of Optical Society of America,
43, 567-571, 1953.

Hargroves, J.A. and Hargroves, R.A. "fibliography of Work on
Flashing Lights (1711-1969), supplement no. 2 to Vision
Research, 1970.

Hargroves, R.A. "A Survey of the Use of Flashing Lights on Roads
and Road Vehicles," published in "The Perception and Appli-
cation of Flashing Lights," University of Toronto Press, 1971.

Joseph Lucas Ltd. "Rear Lighting and Turn Signals," Report No.
L6562, 1956.

Joseph Lucas Ltd. "Determination of Signaling Lamp Intensities
for Night-Time Operation," Report No. L7043, 1958.

Mortimer, R.G. and Olson, P.,L. "Variables Influencing the Attention-
Getting Quality of Automobile Front-Turn Signals. Traffic
Safety Review, 10, 83-88, 1966.

97



Mortimer, R.G. "Dynamic Evaluation of Automobile Rear Lighting
Configurations," Highway Safety Research Institute, The
University of Michigan, 1969.

Projector, T.H., et al, "Analytic Assessment of Motor Vehicle
Rear Signal Systems," Century Research Corporation, Arlington,
Virginia, 1969.

Rains, J.D. "Signal Luminance and Position Effects in Human Reac-
tion Time," Vision Research 3, 239-251, 1969.

98



REFERENCES

Association of Third Party, Accident and Motor Vehicle Insurers,
Causes and Accompanying Circumstances of Motor Accidents
Involving Serious Personal Injury in the Federal Republic
of Germany, Hamburg, 1973.

Institute of Research in Public Safety, Tri-Level Study of the
Causes of Traffic Accidents: Interim Report 1, Vol. II
Appendices, National Highway Traffic Safety Administration,
Report No. DOT-HS-034-3-535-73-TAC, 1973.

Mortimer, R.G. and Post, D.V. Evaluation of Rear-End Collision
Data for Determining Vehicle Rear Lighting and Signaling
Priorities., HIT~LAB Reports, 3, No. 4, December 1972.

Mortimer, R.G. and Vandermey, T.J. Analysis of Collisions

Involving Rear Vision. HIT-LAB Reports, March, 1971.

Mortimer, R.G., Domas, P.A. and Moore, C.D. Automobile Rear
Lighting System Malfunctions: Surveys of Their Extent
and Driving Simulator Studies of Some cf Their Effects.
Motor Vehicle Manufacturers Association, Contract No.
UM-7203-C128: University of Michigan, Highway Safety
Research Institute, Report No. UM-HSRI-HF-74-19, March 1974,

Vehicle Lighting Committee of the Motor Vehicle Manufacturers
Association, Observations cf the AMA Vehicle Lighting
Committee on the Requirements for Turn Signals and Other
Vehicle Larps, Nov. 30 - Dec. 4, 1959.

Zoltan, N. The Use of Turn Signals as Related tc the Driver-

Vehicle Roadway Complex. MS Thesis, Ohio State University,
1963.

99







APPENDICES

101




APPENDIX A

Light Output as a Function of Lamp
Rise and Decay Characteristics

Tables A.1 through A.5 exhibit the
percent of maximum light output ob-
tained from various flashing signal-
ing bulbs on the 1lst, 3rd, and 6th
FLASH using various duty cycles and
flash rates.

Note =-- a dash (-) after the percent
of maximum light output obtained in
the voltage off phase indicates a
voltage on/off light output ratio of
less than 5:1.
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TABLE A.l. Percent of Maximum Light Output Obtained from Various
Flashing Signaling Bulbs on the 1lst, 3rd and 6th Flash
Using Various Duty Cycles and a Flash Rate of 40 CPM.

Flash Sequence Number

1st 3rd 6th

Percent Voltage Voltage Voltage Lamp
"Oon" Time On Off On Off On Off Type.
100 0 100 0 100 0 1157
100 0 100 0 100 0 1034
25 100 0 100 0 100 0 198
> 100 O 100 O 100 O 4414
100 0 100 0 100 0 4416
100 0 100 0 100 0 4436
83 0 93 0 93 0 4002
98 0 100 0 100 0 4636

Range 83-100 0-0  93-100 0-0  93-100 0-0
100 0 100 0 100 0 1157
100 0 100 0 100 0 1034
100 0 100 0 100 0 198
30 100 0 100 0 100 0 4414
100 0 100 0 100 0 4416
100 0 100 0 100 0 4436
92 0 98 0 98 0 4002
100 0 100 0 100 0 4636

Range 92-100 0-0  98-100 0-0  98-100 0-0
100 0 98 0 97 0 1157
100 0 100 0 100 0 1034
100 O‘ 100 0 100 0 198
75 100 0 100 0 100 0 4414
100 0 100 0 100 0 4416
100 0 100 0 100 0 4436
100 1 100 1 100 1 4002
100 1 100 1 100 1 4636

Range 100-100 0-1 98-100 0-1 97-100 0-1
99 0 98 0 98 0 1157
100 0 98 0 97 0 1034
100 0 100 0 100 0 198
100 0 100 0 100 0 4414
80 100 0 100 0 100 0 4416
100 1 100 1 100 1 4436
100 2 100 2 100 3 4002
100 1 100 1 100 1 4636

Range 99-100 0-2 98-100 0-2 97-100 0-3
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TABLE A.2. Percent of Maximum Light Output Obtained from Various
Flashing Signaling Bulbs on the 1lst, 3rd and 6th Flash
Using Various Duty Cycles and a Flash Rate of 60 CPM,

Flash Sequence Number

1st 3rd 6th

Percent Voltage Voltage Voltage Lamp
"on" Time On Off On Off On Off Type
93 0 97 0 96 0 1157
100 0 100 0 100 0 1034
91 0 96 0 96 0 198
25 100 0 100 0 100 0 4414
90 0 98 0 98 0 4416
92 0 98 0 98 0 4436
52 0 75 0 76 0 4002
82 0 95 0 95 0 4636

Range 52-100 0-0 75-100 0-0 76-100 0-0
99 0 99 0 99 0 1157
100 0 100 0 100 0 1034
97 0 100 0 99 0 198
100 0 100 0 100 0 4414
30 96 0 100 0 100 0 4416
96 0 100 0 100 0 4436
68 0 86 0 86 0 4002
93 0 98 0 99 0 4636

Range 68-100 0-0 86-100 0-0 86-100 0-=0
99 0 98 0 97 0 1157
100 0 100 0 100 0 1034
100 0 100 0 100 0 198
75 100 0 100 0 100 0 4414
100 0 100 0 100 0 4416
100 1 100 1 100 1 4436
99 5 99 6 99 6 4002
100 2 100 2 100 2 4636

Range 99-100 0-5 98-100 0-6 97-100 0-6
100 2 99 2 96 2 1157
100 1 99 1 97 1 1034
100 2 100 2 100 2 198
80 100 0 100 0 100 0 4414
100 0 100 0 100 0 4416
100 2 100 3 100 3 4436
100 9 100 9 100 9 4002
100 3 100 4 100 4 4636

Range 100-100 0-9 98-100 0-9 96-100 0-9
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TABLE A.3. Percent of Maximum Light Output Obtained from Various
Flashing Signaling Bulbs on the 1lst, 3rd and 6th Flash
Using Various Duty Cycles and a Flash Rate of 120 CPM.,

Flash Sequence Number

lst 3rd 6th

Percent Yoltage Voltage ~ Voltage Lamp
"On" Time On_ Off On Off On__Off Type
7 0 68 0 67 0 1157
69 0 88 0 85 0 1034
37 0 65 0 62 0 198
25 64 0 85 0 86 0 4414
39 0 67 0 67 0 4416
43 0 72 0 71 0 4436
8 0 40 1 40 1 4002
23 0 59 1 59 1 4636

Range 8-69 0-0 40-88 0-1 40-86 0-1
64 0 81 0 80 0 1157
84 0 94 0 91 0 1034
54 0 77 0 75 0 198
30 90 0 98 0 98 0 4414
56 0 78 0 78 0 4416
58 1 80 1 81 1 4436
14 1 51 1 51 1 4002
38 1 72 1 72 1 4636

Range 14-90 0-1 51-98 0-1 51-98 0-1
100 7 100 7 98 6 1157
100 4 99 4 99 4 1034
100 7 100 7 100 7 198
75 100 2 100 2 100 2 4414
100 10 100 10 100 10 4416
99 8 100 9 100 8 4436
83 18- 97 19- 97 19- 4002
98 11 100 11 100 11 4636

Range 83-100 2-18 97-100 2-19 97-100 2-19
100 10 99 10 99 10 1157
100 7 100 6 99 6 1034
100 12 100 12 99 11 198
80 100 4 100 4 100 4 4414
100 15 100 15 100 15 4416
100 13 100 13 100 13 4436
86 25- 99 27~ 99 28~ 4002
98 17 100 17 100 17 4636

Range 86-100 4-25  99-100 4-27  99-100 4-28
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TABLE A.4. Percent of Maximum Light Output Obtained from Various
Flashing Signaling Bulbs on the 1lst, 3rd and 6th Flash
Using Various Duty Cycles and a Flash Rate of 140 CPM.

Flash Sequence Number
lst 3xd 6th

Eersen? Voltage Voltage Voltage Lamp
“On" Time . off on Off on Off Lype
330 50 0 57 0 1157
57 0 78 0 75 0 1034
24 0 55 0 52 0 198
25 64 0 85 0 86 0 4414
28 0 58 0 58 0 4416
330 63 0 63 0 4436
30 34 1 35 1 4002
15 0 51 1 51 1 4636
Range 3-64 0-0 34-85 0-1 35-86 0-1
49 0 73 0 71 0 1157
71 0 88 O 86 0 1034
41 0 69 0 67 O 198
30 81 0 92 0 93 0 4414
42 0 69 0 69 0 4416
46 1 74 1 74 1 4436
g8 1 45 1 46 1 4002
20 1 65 1 63 1 4636
Range g-81 0-1 45-92 0-1 46-93 0-1
100 9 100 9 98 9 1157
100 5 100 5 99 5 1034
99 10 100 9 100 10 198
75 100 4 100 4 100 4 4414
100 13 100 13 100 13 4416
97 11 100 12 100 11 4436
73  20- 95 23- 96 24- 4002
94 14 100 15 100 15 4636
Range 73-100 4-20  95-100 4-23  96-100 4-24
99 13 100 14 99 13 1157
100 1 99 1 97 1 1034
99 14 100 15 100 14 198
80 100 7 100 7 100 7 4414
100 18 100 18 100 19 4416
98 16 100 18 100 17 4436
82 26- 97 32- 97 32- 4002
96 21- 100 21- 100 21- 4636
Range 82-100 1-26  97-100 1-32  97-100 1-32
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TABLE A.5. Percent of Maximum Light Output Obtained from Various

Flashing Signaling Bulbs on the 1lst, 3rd and 6th Flash
Using Various Duty Cycles and a Flash Rate of 180 CPM.
Flash Sequence Number

lst 3rd 6th
Percent Voltage Voltage Voltage Lamp
"On" Time On Off On Off On Off - Typ
17 0 47 0 47 0 1157
43 0 67 0 62 0 1034
9 0 41 0 40 0 198
25 44 0 66 0 69 0 4414
11 0 44 0 45 0 4416
17 0 48 1 50 1 4436
1 0 24 1 28 1 4002
4 1- 45 2 45 2 4636
Range 1-44 0-1 24-67 0-2 28-69 0-2
27 0 60 0 57 0 1157
52 0 74 0 76 0 1034
21 0 56 0 53 0 198
30 59 0 83 0 79 0 4414
22 0 56 0 57 0 4416
28 1 61 2 62 2 4436
2 1- 34 3 36 3 4002
10 1 52 2 52 2 4636
Range 2-59 0-1 34-83 0-3 36-79 0-3
94 13 99 13 97 14 1157
100 10 100 10 99 9 1034~
90 14 99 15 99 14 198
75 100 7 100 7 100 7 4414
90 18 99 21- 99 19 4416
91 17 99 17 98 17 4436
52 20- 92 31- 92 31- 4002
82 19- 98 21~ 98 22- 4636
Range 52-100 7-20 92-100 7-31 92-100 7-31
96 18 99 20- 98 20~ 1157
100 15 100 14 99 15 1034
90 20- 99 21- 98 21- 198
80 100 12 100 12 100 12 4414
92 25- 100 26~ 100 25- 4416
93 23- 99 25- 99 24- 4436
58 26- 95 40- 95 40- 4002
85 26- 100 30~ 100 30- 4636
Range 58-100 12-26 95-100 12-40 95-100 12-40
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APPENDIX B

Instructions for the Subjective Evaluation
of Turn and Hazard Warning Signals

Please rate the signals presented for their effectiveness
in presenting a TURN or HAZARD WARNING signal., An effective
TURN or HAZARD WARNING (i.e., Emergency Flasher) signal should
quickly attract your attention. It should be easily perceived
and be clearly distinguishable from other signals (i.e., not
confusing). Both TURN signals and HAZARD WARNING signals will
be presented, while rate of flash, light duration, and brightness
are varied. Choose a number from the rating scale below which
represents your opinion regarding the effectiveness of the TURN
or HAZARD WARNING signal.

Record your answer next to the number of the trial presented.
When trial numbers are announced, please check to see that you
are on the right number. Print your name, sex and age. Three
practice trials (A,B,C) will now be shown, after which any ques-

tions you may have will be answered.

RATING SCALE FOR EFFECTIVENESS OF TURN AND HAZARD WARNING SIGNALS

1 2 3 4 5
satisfactor
Not Very Poor ° Si nal Y Very Good Extremely
Effective Signal . Effectiveness Signal Effective
at all |Effectiveness Effectiveness
Jnsatisfactory)
Name Sex Age Account 012988
A B c
) E F
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APPENDIX C

Instructions for the Objective Evaluation
of Turn and Hazard Warning Signals

In this experiment, you are requested to respond to various
kinds of signal presentations. Each of you will have a small
white response box, which you should hold with both hands. Your
left thumb should be so positioned that you can press either the
"LEFT" or "LEFT TURN" buttons easily and rapidly. Similarly,
your right thumb should be so positioned that you can press
either the "RIGHT" or "RIGHT TURN" buttons easily and rapidly.
The button labeled "STOP" can be pressed with either your left or
right thumb. Try now holding the box and pressing these various

buttons.

Your primary task will be to respond to the near signal lights,
located on the bar with the white light about 50 feet in front of
these vehicles. Whenever the red light on the left of this bar
comes on, respond as quickly as possible by pressing the upper
left button ("LEFT") with your left thumb. Similarly, whenever
the red light on the right side of this bar comes on, respond as
quickly as possible by pressing the upper right button ("RIGHT")
with your right thumb. If you make a mistake, for instance you
press the left button when the right red light is on, correct
yourself as soon as possible. This is your primary task so
please concentrate by focusing on this near set of lights which
represent signals which might be given by a car immediately ahead
of you. Your responses to these near signal lights are being
monitored and recorded throughout the experiment, except for

those times when I will tell you specifically to take a break.

The "Driver One" participant should respond to these near
lights not by using the thumb switches, but instead by using.
the single foot switch located below the dimmer switch on the
floor. Driver, would you press that switch with your left foot
a couple times to get the feel of it? Let your left foot gently
rest on that switch. Respond to the near right or left lights
by pressing on the footswitch, Both left and right near focus
lights can be responded to in this way.

(cont.)
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APPENDIX C [cont.]

Your second task will be to respond to the far signal lights,
located on the car at the end of the driveway. Occasionally, a
left turn signal, right turn signal, stop signal, or a hazard
signal will be presented on that vehicle. Whenever you see a
flashing light on the left side of the rear of that car, respond
as quickly as possible by pressing the button labeled "LEFT TURN"
with your left thumb, Similarly, whenever you see a flashing
light on the right side on the rear of that car, respond as
quickly as possible by pressing the button labeled "RIGHT TURN"
with your right thumb. Whenever you see a stop signal on that
car, respond by pressing the button labeled "STOP" with either
your left or right thumb. And when you see a hazard warning
(both flashing) press both "TURN" buttons. Occasionally, over-
lapping signals be presented and you are to respond to these in
the order that you see them. If you make an error in responding

to these signals, please correct yourself as soon as possible.

We will now show you what these signals look like on that

car, (Radio request: Are there any questions:
LEFT TURN, STOP, HAZARD, STOP>RIGHT TURN)

During this experiment, we ask that you not smoke, and that
you not talk about any phase of the experiment with the other
participants. If you have any questions, we would like to answer
them now. If any occur to you during the experiment, please wait

until one of the break periods unless it is urgent,

If there are no further questions, we shall start with a
practice run. Begin responding to the near lights please.
Signals on the far car will start shortly. Primarily, your task
is to correctly and quickly respond to the near focus lights.
Secondarily, you should also respond to the far signal -lights as
they occur. (They should respond to the near focus lights for
about 30 sec before starting the practice signals, After 12-24

signal presentations and as soon as it appears that asymptotic
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performance is established for both the near focus and far signal

lights for all subjects, the practice should be terminated.)

This terminates the practice run. Are there any further
questions at this point? (Change test car from 4 red lamp.
separated stop system [HSRI-system 6] to the first experimental
system.) We will now demonstrate what the rear signals will look
like using a different system on the same car. (Radio request:
LEFT TURN, STOP, HAZARD, STOP-RIGHT TURN) Are there any questions?
Please be alert now and start responding to both the near focus
lights and the far signal lights as they occur as we are starting
testing now. (After all trials are completed including repeats,
demonstrate the next system and continue,)
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LOG TRANSFCOFMED RT DATA ANALYSIS

TRANSFORMATION 1S: NAT. LCG  SCORES INCREMENTED BY 0.0
FACTOR LEVEL ME AN

MODE
1 0.,4907602
2 0.2777538
3 0.3643¢31

RATE
1 045929437
2 0.4628385
3 043917150
4 042630268
5 042724599
6 0.2829685

DUTY
1 0.3675733
2 0.350€601
3 0.3936436
4 043986557

. SYST
1 045337217
2 043539239
3 0.2452381

SuBJ
1-0.1277090
2 04780243
3 0.6912416E-01
4 0.5764564
5 0.1852942
€ 0.3086770
7 0.5447315
g 0.8808022
9 0.4550788
10 0.483758¢4
11 0.2061364
12 043468450
13 0.3678591
14 0.2799722
15 0.2482405
16 0.3480357
17 0.4469182
18 0.7004557

AMB
1 0.4323213
2 0.3229358 (cont.)
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LOG TRANSFORMED 27T DATA ANALYSIS

FACTOR CONES

A FQUALS MODE

B EQUALS RATFE

C EQUALS DuTY

D] EQUALS SYST

£ FOUALS SuUBJ

|2 EQUALS A MB

DIVISION NF VARIANCE

SAJRCE DOF SUMS OF DEGPEES OF  MEAN RATIO Percent of
VARTATION SQUARES FREEDOM SGUARES Variance
EO.D..'.......Q 391l8037 17 23004727 ------ 1109
Aoo-ooooocoooo- 59.48778 2 29074385 590405* 15,8
Al ceeseeencnsee 17.02382 34 0.5007005 0.0
%oon.ooatcon.uo 112.7493 5 22054985 139.22* 11,7
BFeeseoscocsesne 13.76728 85 0.1619679 0.0
“Bnoooooiooboco 31.52881 10 3-152881 19.956* 1,6
ABFeeesesonnnsns 26.85828 170 0.1579899 0.0
:cclooooooonooc 2.068816 3 009896052 209139
CF.O.....Q.O..I 17032043 51 0;33Q6164 0.0
Y P 4,9%6690 6 0.8227817 6.6252%
ACEeesacsncocos 12.661737 102 0.1241899 0.9
qc.....-..---.. 80474456 15 005649637 3;QOOQ*
QCF--.......... 42036153 255 001661236 0.0
ABCoeeeseoosansnse 1.,260313 30 Cal2753437 2.1068*
ABCE....-...... 00|65292 510 001306920 0.0
Jeoeooeeeoseoccosce 110.0535 2 55002675 710911* 28.5
DEottooaooooooo 26.01717 34 007652107 0.0
L 44473705 4 11.18426 48,678* 5.8
ADroooonoo;.o.n 15062368 68 002297601 0'0
BNevoesosacsoesns 58496431 10 5.896431 27.941 * 3.1
BDFEcececccsscsns 35.87581 170 0.2110341 0.0
Aﬁnao-ooooooooo 16.96429 20 008482147 6.4362*
ABDE-.....-.‘.. 44080763 340 001317871 OOO
CDececesacenssns 18.91171 6 3.151952 16.199%* 1.6
DFiecesocnanns 19.€84654 102 0.1945739 0.0
ACNeeosessnesnss 5.793342 12 0.4827784 3.3825«*
ATUGOQQoonoc.oo 29011626 204 001427267 0.0
BCDeoeoooossossee 4.731447 30 0.1577149 1.1010
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MUMBER OF REPLICATIONS

* o <.01

*x o < .05
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TRANSFIRMATIAN [S: NAT, LOG

FACTNR

MINE

RATE

DUTY

SYST

SURJ

AMB

GRAND MEAN

LEVCL MEAN

\

1 0.5770149
2 0.3013052
3 0.4531167
4 0.4373€670

1 0.7741777
2 0.5595959
3 0.4312087
4 042934424
5 0.2949725
6 0.3000528

1 0.,4355832
2 0,4294183
3 0.4433¢€17
4 0.,45999¢64

1 0.4780646
2 0.4063414

0.

0.546E867
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5 0.2387692

1_
2
3
4

6 0.3586620"
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10 0.5812827
11 0.2692571
12 0.3982C70
13 0.4269266
14 0.,2287622
15 0.2757377
16 0.4130290
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18 0.7619¢€47

1 0.4829026
2 0.4015139

044422979

SCNRES INCREMENTED BY

132157CF-01
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0.0

3. 6482
0.0
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