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Pedestrian Signal Displays: An
Evaluation of Word Message

and Operation

H. Douglas Robertson, BioTechnology, Inc., Falls Church, Virginia

In 1974, a study was initiated by the Federal Highway
Administration to define the problems associated with
pedestrians crossing at urban intersections and to eval-
uate remedial measures aimed at reducing or eliminat-
ing these problems. The results of the problem identi-
fication phase of the study (1,2) indicated that pedestrian
signal displays were the source of several problems and
that certain improvements in the displays could result
in a higher level of compliance, safer pedestrian behav-
ior, and better user understanding.

Two problem areas are addressed in the research
described here. One problem involved the display of
the pedestrian clearance interval, Pedestrians com-
plained that there was not enough WALK (W) time to
complete their crossing., They did not understand that
a clearance interval was provided for them to complete
their crossing before traffic was released. Additionally,
some 15 percent of pedestrians hit by vehicles at sig-
nalized intersections were crossing against the signal,
At 71 percent of 38 site pairs (intersections) that were
matched by high and low occurrence of pedestrian acci-
dents in Washington, D.C., the percentage of pedestrians
who started crossing during the clearance display was
greater than that at the high-accident location. Finally,
40 percent of the pedestrians observed crossing against
the pedestrian signal started on the clearance indication,
which is the flashing DONT WALK (FDW).

The second problem area centered on the effective-
ness of flashing the W indication to warn pedestrians
that vehicles might be turning through their crosswalk.
A study by D'Angelo in 1973 (3) showed that pedestrians
did not understand the intended meaning of flashing
WALK (FW) and that an educational campaign produced
no change in pedestrian crossing behavior. Observa-
tions in the earlier phase of this project confirmed that
there was no significant difference in compliance be-
tween locations with FW and locations with steady W.
The accident data indicated that turning vehicles repre-
sented a serious safety hazard to pedestrians. Approxi-
mately 25 percent of pedestrian accidents at intersec-
tions involved turning vehicles.

STUDY METHODOLOGY

Three experimental conditions were devised to address
these two problem areas. In all cases, the experimental
condition was comparedtothe current recommended Manual
on Uniform Traffic Control Devices (MUTCD) standard.
Experiment 1 compared a steady DONT WALK (DW)
clearance indication to the standard FDW clearance in-
dication. The hypothesis was that, if pedestrians were
not shown a distinct clearance-~interval indication, com-
pliance would increase, undesirable behaviors would de-
crease, and the need to understand the clearance inter-
val would be eliminated, i.e., W means it is safe to
cross, and DW means it is not safe to cross. However,
this hypothesis contained a possible flaw., Would the
pedestrian understand what to do if he started on the W
and the signal changed to DW while he was still in the
street?

Experiment 2 was designed to address this question
and consisted of a DONT START (DS) message in place
of the DW message. The operation was the same as the
experimental condition in experiment 1, i.e., a steady
DS indication during the clearance and prohibited inter-
vals. The hypothesis was that, when the DS message
was displayed, pedestrians already in the street would
continue their crossing while those still on the curb
would not start their crossing.

Experiment 3 dealt with the second problem area and
compared steady W to FW. The objective was to deter-
mine whether pedestrians understood the intended mean-
ing of FW and steady W and whether pedestrians behaved
differently with the two displays. Figure 1 shows the
experimental design.

All three experiments were conducted simultaneously
in Buffalo, New York, and Phoenix, Arizona., A before
and after study design was employed. Each experiment
was conducted at two different test intersections (one
central urban and one suburban) in each of the two cities,
i.e., 4 intersections/experiment, A 2-month acclima-
tion period was allowed after installation of the experi-
mental condition, One exception was that experiment 3
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in Buffalo was reversed in the before and after sequence
because the normal operation in Buffalo was a steady W.
All of the test sites operated on two-phase, fixed-time
control, and turning movements were permitted at all
sites.

The three types of variables measured were observed
pedestrian behavior, pedestrian compliance, and user
understanding. In phase 1 of the project, a set of
hazard-related pedestrian behaviors was developed.
These behaviors occurred more frequently at high-
accident intersections than at similar low-accident in-
tersections and included the following:

1. Backup movement (B)—Pedestrian momentarily
reverses his or her direction of travel in the traffic
lane or the pedestrian hesitates in response to a vehicle
in a traffic lane;

2. Moving vehicle (MV)—Through traffic is moving
through the crosswalk while a pedestrian is in a traffic
lane;

3. Turning vehicle (TV)—Pedestrian is in the path
and within 6.1 m (20 ft) of a turning vehicle;

4, Vehicle hazard (VH)—Pedestrian enters a traffic
lane when a through vehicle that is unrestricted by a
traffic control device 1s approaching in that lane
within one block of the pedestrian;

5. Running vehicle hazard conflict (RVH)—Pedestrian
runs in a traffic lane in response to a VH; and

6. Running turning vehicle conflict (RTV)—Pedes-
trian runs in a traffic lane in response to a TV or TV
potential.

The second type of variable measured was the pedes-
trian compliance observed at the signal display. In ad-
dition to recording the number of pedestrians starting
on the clearance interval, starting on the prohibited in-
terval, and anticipating the signal, the distribution of
these occurrences was also recorded.

The third type of variable measured was the user's
understanding of the signal display. A survey was made
of pedestrians who used the crossings when the above
described observations were taken. Three days were
spent at each site pair for each experimental condition
during the before and after study in eachofthetwo cities.

The evaluation of each experimental signal display,
when compared to the base condition. was based on the
following criteria:

1. A significant change in the occurrence of one or
more of the observed pedestrian behaviors;

2. A significant difference in the types of pedestrian
violations and the distributions of those violations over
time; and

3. Responses from the user survey with respect to
the meaning of the indications and perceived actions re-
quired by the indications.

DATA ANALYSIS

The analysis of data was designed to reflect the three
evaluation areas of understanding, compliance, and be-
havior. Within each of these areas, a statistical com-
parison that contrasted the experimental and standard
signal was performed. These analyses were based on
standard psychometric procedures, and all statistical
tests were evaluated at the 0.01 level (two-tail), The
analysis of data on signal understanding consisted of a
series of Z-tests that were used to compare the per-
centage of pedestrians who correctly identified the mean-
ing of the various signal displays under investigation.
The analysis of the compliance data consisted of two
sequential steps. First, an overall test of the compli-

ance distributions that were obtained under different sig-
nal conditions was performed by using x* with a 2 xn de-
sign, where n = the number of intervals timed. Second,
the results of this test determined if there was a signifi-
cant difference between the distribution of crossings
under different signal conditions., In the event that such
a difference was detected, a series of Z-tests was con-
ducted to isolate the particular time interval in the cycle
that showed a significant shift. The behavioral data were
analyzed by comparing the proportion of pedestrians in-
volved in each of the target behaviors, The proportions
of each behavior occurring under the different signal dis-
plays were tested by using the Z-test.

Experiment 1: FDW Versus Steady DW

The results of experiment 1 are given in Table 1, Al-
most no behavioral differences were found. In Phoenix,
the three behaviors showing a slight significant differ -
ence occurred in less than 2 percent of the 3000 observed
crossings.

The compliance data were summarized in two ways.
First, the proportion of pedestrians leaving the curb dur-
ing the W indication (in compliance with the signal) was
noted. Highly significant differences were found at one
intersection in each of the two cities. In Buffalo the be-
fore case (FDW) was favored (compliance was 10.5 per-
cent higher), while in Phoenix the after case (DW) was
favored (compliance was 8 percent higher), No signifi-
cant differences were found at the other intersections
for each city. Combining the two sites in each city re-
sulted in the same trend but a lower level of significance.
Thus, the improvement shown by steady DW in Phoenix
appears to be offset by the findings in Buffalo. In gen-
eral, compliance ranged from 8 to 32 and from 65 to 89
percent in Buffalo and Phoenix respectively.

Second, the compliance data were summarized and
tested by comparing the proportion of pedestrians leav-
ing the curb during the clearance interval. The hypoth-
esis was that fewer pedestrians would leave the curb
during the DW clearance then during the FDW clearance.
At one site in Buffalo, the hypothesis proved correct at
the 0.05 level of significance (a reduction of 9.1 percent).
At the remaining sites, there were no significant differ-
ences. In general, pedestrians leaving the curb during
the elearance interval ranged from 10.0 to 20 4 and from
3.7 to 20.7 percent in Buffalo and Phoenix respectively.

Some 400 pedestrians were surveyed to obtain user-
understanding data (50 pedestrians/site/before and after
condition), The questions asked pertaining to the clear-
ance interval are given in Table 1. No significant dif-
ferences were found in the responses to question 1 for
either city. Of the responses to question 1, an average
of 91 percent were correct across both cities. In other
words, most pedestrians understood that they should not
leave the curb on either FDW or DW, The answers to
question 2 (what would the pedestrian do if after he or
she left the curb the clearance indication changed to
FDW or DW) produced mixed results. In Buffalo, the
combined correct responses (i.e., to continue across)
for both sites were significant at the 0.05 level in favor
of the FDW clearance indication (59.1 percent before
compared to 42.6 percent after). In Phoenix, the cor-
rect responses at one site and at both sites combined
were significant at the 0,05 level in favor of the steady
DW clearance indication. At the one site, correct re-
sponses ranged from 74 to 90 percent for the before and
after cases respectively. With both sites combined, the
correct responses went from 79 to 91 percent for the
before and after cases respectively.

The differences between cities were considerable. In
Phoenix, pedestrians exhibited both a higher compliance



Figure 1. Displays for experiments 1, 2, and 3.
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Table 1. Summary of results for experiment 1: steady DW (after)
versus FDW (before).

Buffalo Phoenix
Sites Sites
Item Site 1 Site 2 land2 Site5 Site6 5and6
Behavior
B nc nc nc A* nc nc
RTV ne ne nc nc nc B*
MV nc ne ne ne ne ne
TV ne ne nc ne ne ne
RVH nc nc nc ne nc ne
VH nc nc nc ne A* ne
Compliance
Leaving curb
on walk B** nc B#* Ax nc A*
Leaving curb
on clearance nc A* nc nc nc nc
Understanding
Question 1* ne ne ne nc ne nc
Question 2° ne nc B* ne At A*

Note: A = significant difference in favor of after {experimental) condition; B = significant dif-
ference in favor of before (MUTCD standard) condition; nc = no significant difference

between before and after conditions; * = significant at the 0,05 level; and ** = signifi-

cant at the 0.01 level.

2 |F you are at the curb, what should you do if you see the FDW or DW indication?
b|f you had just started to cross the street and you saw the FDW or DW indication, what

should you do?

Table 2. Summary of results for experiment 2: steady DS (after)
versus FDW (before),

Buffalo Phoenix
Sites Sites
Item Site 3 Site4 3and4 Sitel Site2 1and 2
Behavior
B ne nc nc nc ne ne
RTV ne ne nc ne nc ne
MV nc ne ne ne ne nc
TV ne ne nc ne AFF A*
RVH ne nc nc nc ne ne
VH ne nec ne nc ne ne
Compliance
Leaving curb
on walk ne nec nc nec A* ne
Leaving curb
on clearance nc ne nc ne ne ne
Understanding
Question 1° nc Ax* nc nc nc A*
Question 2° nc nce nc nc ne ne

Note: A = significant difference in favor of after {(experimental) condition; B = significant dif-
ference in favor of before {(MUTCD standard} condition; nc = no significant dilference

between before and after conditions; * = significant at the 0,05 level; and ** = signifi-

cant at the 0.01 level

21f you are at the curb, what should you do if you see the FDW or DS indication?
b1f you had just started to cross the street and you saw the FDW or DS indication, what

should you do?
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with and a better understanding of pedestrian signal in-
dications. In Buffalo, the number of significant differ-
ences was fewer than in Phoenix. Pedestrians did not
react differently to the change in clearance indications.
The responses to a question about when it would be safe
to leave the curb (the correct answer is on the W indica-
tion) implied that some 21 percent of the respondents
either do not understand pedestrian signals or do not
bother to use them as an aid in crossing the street.

Experiment 2: FDW Versus Steady DS

The results of experiment 2 are given in Table 2. No
significant differences in behaviors occurred in either
city except at one site in Phoenix. At that site, TV con-
flicts were reduced from 23.5 to 14.5 percent, which
favored the DS display. This difference was significant
at the 0.01 level and contributed largely to the difference
for the combined data from both Phoenix sites to be sig-
nificant at the 0.05 level. TV conflicts were approxi-
mately 8 percent higher in Phoenix than in Buffalo, even
though the proportion of TVs in Phoenix was about 2 per-
cent lower than that in Buffalo.

Only one significant difference was found in the com-
pliance data. At one site in Phoenix, the compliance in-
creased from 80.9 to 87.8 percent (significant at the 0.05
level), thus favoring the DS message. This difference
was not sufficient to cause the combined data from both
sites to be significantly different. No significant differ-
ence was found in the proportion of pedestrians (approxi-
mately 11 and 8 percent in Phoenix and Buffalo respec-
tively) leaving the curb during the clearance interval. In
general, compliance ranged from 39 to 49 and from 81
to 88 percent in Buffalo and in Phoenix respectively.
Thus compliance was greater at the experiment 2 sites
than at the experiment 1 sites in both cities.

The survey questions in experiment 2 were the same
as those asked in experiment 1, and again 400 pedes-
trians were surveyed, A highly significant (at the 0.01
level) increase in correct responses to question 1 (82 to
98 percent) was found at one site in Buffalo, thus favor-
ing the after case. In Phoenix, the difference was not
significant at either site, but was significant at the 0.05
level for the two sites combined, which also favored the

Table 3. Summary of results for experiment 3: steady W (after)
versus FW (before).

Buffalo Phoenix
Sites Sites
Ilem Site5 Site6 65and6 Site3 Site4 3and 4
Behavior
B B** B** BA* ne nc nc
RTV B* nc B¥* ne ne ne
MV nc ne nc ne nc ne
TV ne B* B*% nc ne ne
RVH ne ne ne ne ne nc
VH ne B** B** nc nc nc
Compliance
Leaving curb
on walk Bk ne B*% Ar* nc A
Leaving curb
on clearance ne nc ne A* ne A*
Understanding
Question 3° nc nc nc nc ne nc
Turn expec-
tancy, percent® 49.5 41.4 45.5 35.0 44.0 39.5

Note: A = significant difference in favor of after (experimental) condition; 8 = significant dif-
ference in favor of before (MUTCD standard) condition; nc = no significant difference
between before and after conditions; * = significant at the 0,05 level; and ** = signifi-
cant at the 0.01 level.

2 At some intersections, the W signal flashes, at some, it does not. What does the flashing
{nonflashing) W signal mean at this intersection?

®The percentage of pedestrians that would expect vehicles to be turning into their crosswalk
if they started their crossing on the W indication.
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after case (an increase in correct responses from 84 to
91 percent). No significant differences were found in
the responses to question 2 in either city; thus the hy-
pothesis that DS would be better understood as a clear-
ance display was not sustained. As in experiment 1, the
differences between cities were great at the experiment
2 sites. Compliance in Phoenix was nearly twice as
high as that in Buffalo, The pedestrian understanding
of signal indications also remained higher in Phoenix
than in Buffalo.

Experiment 3: FW Versus Steady W

The results of experiment 3 are given in Table 3. As
given in that table, a number of differences were found
in the Buffalo behavioral data, whereas no significant
differences were found in the Phoenix behavioral data.
All of the differences in the Buffalo data favored the be-
fore (FW) case. The most significant results were that
hesitations, vehicle hazards, and turning vehicle con-
flicts were reduced by 13, 6, and 4 percent respectively.

Significant differences were also apparent in the com-
pliance data. As in experiment 1, the differences in
pedestrians leaving the curb on the W indication were
offsetting. In Buffalo, the before case was favored
(compliance decreased 19 percent) and in Phoenix the
after case was favored (compliance increased 8 percent).
The same trends held when data from both sites in each
city were combined. Compliance at these sites ranged
from 21 to 40 and from 78 to 93 percent in Buffalo and
Phoenix respectively. The proportion of pedestrians
leaving the curb during the clearance indication (FDW)
was not expected to change because the indication was
the same in both the before and after cases. This ex-
pectation held true except at one site in Phoenix where
a difference at the 0.05 level was found.

The most significant finding in this experiment was
from the understanding data, Of the 400 pedestrians
surveyed, only 2.5 percent understood the intended mean-
ing of FW and steady W. Lessthanhalf of the pedestrians
in both cities said that they would expect vehicles to be
turning into the crosswalk during the W interval, even
though turning vehicles in both cities made up one-fourth
of the total traffic passing through the intersection when
all turns were permitted., As mentioned earlier, turn-
ing vehicle conflicts dropped in Buffalo (4.0 to 0.4 per-
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cases in Phoenix (approximately 16 percent).

The trends in compliance differences between cities
remained consistent with the trends in experiments 1 and
2. The behavioral differences found in Buffalo are not
easily explained. The before and after sequence was re-
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versed in Buffalo for this experiment, but there was a
2-month acclimation period to reduce or eliminate the
novelty effect. There was no novelty effect apparent in
the behavioral data for the other two experiments, and
they were conducted simultaneously with this experiment.

CONCLUSIONS

1. A steady DW clearance display appears to have
the same effectiveness as an FDW clearance display.
There is not sufficient evidence to say that a steady
clearance is better than a flashing clearance.

2. The DS message offers little or no improvement
over the current DW message.

3. FW is not an effective means of warning pedes-
trians about turning vehicles.

4, Based on pedestrians' stated expectancy in regard
to TVs, there is a need to make pedestrians more aware
of TVs,

5. Pedestrians' observance of pedestrian signals
varies somewhat from intersection to intersection and
greatly from city to city.

6. The pedestrian behaviors used may be sensitive
enough to reflect the responses of pedestrians to the
subtle changes made in these experiments.
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A Method for Estimating Pedestrian
Volume in a Central Business District

Jahanbakhsh Behnam, Department of Civil Engineering, Marquette University
Bharat G. Patel, Spicer Engineering Company, Saginaw, Michigan

In the past decade, significant efforts have beendirected
toward improving the accessibility and revitalization of

the central business district (CBD) in many large met-
ropolitan areas.

The ingenious concepts that emerged





