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Abstract. This paper presents the results of a study to evaluate 15 of the most common traffic signs used
in Saudi Arabia. These signs are mostly adopted from the North American standards and may or may not
be appropriate for this country due to population stereotype effects. This was tested by presenting five
selected signs from each of regulatory, warning and guidance categories. These signs were presented
through a tachistoscope to a controlled group of 19 King Saud University students with average age of 22
years and average driving experience of 5,68 years. Number of errors and reaction time were recorded for
each sign and subject. Based on the results, the signs were analyzed for their communication ability. It was
found that the symbolic signs e.g., ‘Priority over on-coming traffic’ and ‘Prohibition of stopping’, pro-
duced statistically significant errors in detection, whereas, the letter/numeric signs ¢.g., Parking, Speed
Limit and Hospital produced least errors with minimum reaction time. Modifications to certain signs is
recommended to incorporate population stereotype effect.

Introduction

Driver behavior can be affected by the roadway conditions and surroundings, spec-
ially the traffic signs. If the traffic signs are improved, the accidents can be reduced,
the traffic flow can be streamlined and the existing roadway facilities could be effec-
tively used.

Extensive research has been directed toward improving the effectiveness of
road signs. The relevant research is described as follows:

Shinar and Drory [1] studied the drivers for recall and recognition of the sign
during day and nighttime driving. They stopped drivers at 200 meters after they pass
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a warning sign. The results proved the hypothesis that recall was lower in daytime
than at nighttime because the roads were clearer during the day and the driver con-
centrated less on the sign. They also concluded that sign content, roadway environ-
ment and subjective levels of fatigue and boredom had no significant effect on sign
registration,

Hofstetter [2] reported on the computed distances of legibility of standard traffic
control signs. The results showed that, in general the regulatory signs have the shor-
test distances and shortest duration of legibility and the warning signs the longest.

Johanson and Rumar [3] demonstrated that the road sign system does not func-
tion in its intended way and that the drivers are sometimes blamed unnecessarily.
Also the signs are generally incompatible with the human input system. Their conclu-
sions were based on a 1000 drivers study indicating that on the average 47% of the
drivers recorded a road sign.

Johanson and Backlund [4] completed a study on 5000 Swedish drivers. They
reported that the overall probability of a road sign being noticed is under 50% . The
major conclusion was that the road sign system does not achieve its intended pur-
pose.

A study by Summala and Hietamaki [5] supports the explanation that the prob-
lems of the traffic sign system are mainly due to motivational factors i.e., the more
significant the sign the greater the drivers immediate response to it.

Dewar [6] emphasizes that the same information should be received in more
than one way by the driver to help process the information more effectively. He also
concluded that on prohibitive turn control signs e.g., ‘no U-turn’, the red slash
shouid not be used, as it tends to obscure the legibility of the symbol. It was con-
cluded to use a partial slash.

Morris et al. [7] studied the visual performance of drivers during rainfall and
concluded that the film of water on the windshield itself was the primary factor in
reduced visual acuity.

Dewar et al. [8) compared original signs and their modifications in terms of per-
centage correct and in terms of reaction time in milliseconds. They found correla-
tions between 0.55 and 0.69 between reaction time and glance legibility, which is
associated with the correct interpretation at a brief exposure time.

Roberts et al. [9] studied the freeway diagrammatic signs in the state of New Jer-
sey, U.S.A. They concluded that more consistent driver behavior and fewer acci-
dents were reported when diagrammatic signs on a beltway exit were used. The main
reason for that was decreased driver interpretation or decreased reaction time.
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Whitaker and Sommer [10] studied the perception of traffic guidance signs con-
taining conflicting symbols and direction information. They concluded that agree-
ment between symbol and arrow direction is an important element in decreasing per-
ceptual conflict within a sign.

In light of the above studies, an experiment was designed and conducted at King
Saud University in 1992 It is described as follows:

Methods and Procedure

A controlled group of 19 King Saud University students in their early twenties
(avg. age 22 years), average driving experience of 5.68 years and average 6.74 hrs of
driving per week participated in the study.

A tachistoscope is a device used to present a stimulus, which in this case was a
traffic sign, to an individual or a group at varying exposure and shutter speeds. This
device was used to present 15 different road signs used in the Kingdom’s traffic sys-
tem to each subject. The signs are placed in Fig. 1, five signs were selected from each
of the 3 categories, namely regulatory, warning and guidance. Reaction time and the
number of errors for each sign were recorded. The reaction time is basically the time
it takes a person to perceive, decide and conclude or move to a certain stimulus,
which in this case was a sign. On the other hand, an error is the mistake committed
in interpreting the sign. The reaction time can be measured through a reaction timer
or a stop watch and error can be recorded by comparing the subjects response with
the correct response. The signs were presented in a random order. Subjects were
asked to press a button as soon as they recognize the sign, the viewing distance and
exposure time was kept constant for all signs in order to obtain the ranking of the
signs with respect to their communicativeness. One way ANOVA was used to test
the hypothesis for equality of means, two models were analyzed (one each for reac-
tion time and number of errors). Duncan’s multiple range test was used to find the
significant differences and to obtain the ranking for both number of error model and
reaction time model. The results are presented in Tables 1 and 2,

Conclusions and Discussion

Due to the fact that the traffic sign system was developed mainly on North
American standards and is being used in a middle eastern country like Saudi Arabia,
it was expected that the communicativeness of the signs would be different, where,
some signs would be more comprehensible than others.

The collected data on 19 subjects was analyzed separately for reaction time and
number of errors using analysis of variance. It was found the means of both reaction
time and error were significantly different at .01 and .05 levels, resulting in the rejec-
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No. Sign No. Sign

1. Parking 9. No entry
2. Hospital 10. Speed limit
3. One way 11. Animal crossing

12. Light signals
4. No Through Road e
13, Intersection
5. Priority over
oncoming traffic
6. Prohltlonrof 14. Rumabout road
stopping
15. Priority road
7. No overtaking ahead

> pPEERROO

8. Prohibition stopping
and parking

Fig. 1. Traffic signs used in the study

tion of the null hypothesis (see Tables 3 and 4). Therefore, for further analysis, the
Duncan multiple range test was used to find the statistically significant differences

and also to get the ranking of different sign types with respect to the lowest reaction
time and least errors.

The correlation analysis between reaction time and number of errors indicated
a negative correlation of - (0.365 showing that the increase in reaction time resulted
in decrease in number of errors and vice-versa. It also shows that the drivers should



Table 1. Number of errors

Drvg

Drvg.

per
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22

22
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2
20
23
24
24
21
21
21
24
27
25

22

16
17
18
19
Total

22
21

23

12

19
1.60 0,63 026 011

0.00 000 000 047 011 042

0.21

0.00

0.47

2211 568 674 000 005

Avg.
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000 000 000 050 031 049

064 Q00 022 050 000 000 048 044 031 041

1.45 1.66

Std.
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Table 2. Reaction time table

Drvg. Drvg
Age exp.  per

Sub# yrs. yrs. wek 1 2 3 4 5§ 6 71 9 1 11 12 13 14 1S
119 2 7 25 207 269 311 295 303 29 18 412 201 26 182 26 211 327

2 2 6 7 145 153 274 229 1.88 295 285 249 204 159 189 204 532 205 688

3 02 4 7 15 1M 18 24 315 202 207 1.63 269 215 208 204 208 179 262

4 25 7 231 158 2090 186 27 234 225 155 222 166 215 271 47 194 579

s 25 7 197 166 201 227 219 16 348 295 233 199 228 184 398 185 5.59

6 20 3 5 191 188 219 197 260 2.14 459 224 232 156 221 216 398 206 392

7 23 7 7 260 212 232 201 291 225 395 304 248 212 316 221 505 249 413

8 24 7 7 192 214 195 245 653 218 307 226 184 223 181 245 251 1.83 506

9 24 7 7 201 189 244 268 281 465 464 221 220 208 206 421 228 345 218

10 21 6 7 132 504 178 38 175 302 501 692 901 208 227 231 239 38 1401
M 20 7 7 1.8 123 219 245 321 269 311 183 214 209 189 194 215 179 6.12
12 21 6 7 221 135 131 325 417 429 485 341 326 211 295 246 437 381 3.66
3 24 8 6 312 252 509 316 324 226 239 231 211 248 231 261 7.89 417 1516

M 2 4 5 136 319 361 432 444 318 206 321 217 362 388 414 366 392 285
15 25 8 7 119 421 504 448 591 341 217 234 815 222 269 315 761 218 645

6 2 4 7 231 229 315 226 S.11 356 312 345 211 218 377 242 536 141 5.19
v 2 s 7 164 136 143 218 144 215 21 162 28 169 138 17 272 14 205

18 21 7 7 179 207 437 276 324 331 421 245 219 245 27 204 598 219 3.6

19 23 7 7 146 196 6 188 367 202 216 272 217 184 287 284 39 246 3.57

Total 3650 41.8 5426 5161 63.9 5305 60.98 50.43 58.5 40.25 47.04 47.19 77.93 4671 102.1
Avg. 2000 514 610 1.83 209 271 258 320 2.65 3.05 252 293 201 235 236 390 234 511
Std. 663 220 207 064 104 142 095 148 098 121 127 202 063 082 08 18 100 3.57

Dev

mbeN v pIQy pa4s pue izqqer (pay °S PpY
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Table 3. Errors Analysis

Analtysis of variance for ERROR
Source of variation Sum of squares daf. Mean square F-ratio
Between groups 23.42 14 1.67 15.11*
Within groups 29.89 270 1
Total (corrected) 53.31 284

* Significant at ° = 0.01, 0.05

Multiple range analysis for ERROR by SIGN

: nt Duncan
g:;nth I:l): 95(1,‘):;:: average Homogeneous groups
1 19 0000000 *
4 19 0000000 *
10 19 0000000 *
11 19 0000000 *
12 19 0000000 *
2 19 0526316 b
8 19 1052632 .-
14 19 1052632 e
9 19 .2105263 i
7 19 2631579 b
15 19 4210526 i
3 19 4736842 .
13 19 4736842 i
19 6315789 *
5 19 1.000000¢ *

* denotes a statistically significant difference.

get more time to view a particular sign to make better decisions about the sign. It was
evident that the subjects responded quickest to the Parking sign (# 1), Speed limit (#
10), Hospital (# 2). The average error was either zero or negligible for these signs
(Table 3). It is interesting to note that none of these three signs had symbols but were
either alphabets or numbers whereas the two signs namely Priority Over Oncoming
traffic (# 5) and Prohibition of Stopping (# 6) produced serious errors with none cor-
rect responses for the former indicating the lack of communicativeness of those signs.
Some of the signs may have been mistaken for others like the One Way Sign (# 3).
This sign was ranked third on average errors because it might have been mistaken for
direction. The parking sign (# 1) which had the quickest reaction time also had the
least error with every subject giving the correct response. Other signs with no error

recorded were, No Through Road a (# 4), Speed Limit (# 10), Animal Crossing (#
11) and Light Signals (# 12).
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Table 4. Reaction time analysis

Aamnalysis of variance for REACTION TIME

Source of variation Sum of Squares d.f. Mean square F-ratio
Between groups 201.57 14 14.39 7.18*
Within groups 541.76 270 2.11
Total (corrected) 743.33 284
* Significant at > = 0.01, 0.05
Multiple range analysis for reaction time by SIGN
Method 95 percent Duncan
sign No. count average Homogeneous groups
1 19 1.926 *
10 19 2.118 **
2 19 2.200 rex
14 19 2.458 e
11 19 2.476 rare
12 19 2.483 raes
8 19 2.654 rae
4 19 2.716 rees
6 19 2‘792 LR LY
3 19 2.856 rarr
9 19 3.079 rarr
7 19 3.209 i
5 19 3.368 -
13 19 4.102 *
15 19 5.374 *

* denotes a statistically significant difference.

The bar graph shown in Fig. 2 shows the average number of error and average
reaction time for the 15 signs. However, it could be concluded here that on a highway
the reaction time may be the most relevant variable since it is directly related to the
communicative ability of a sign. Based upon the findings of this experiment it is con-
cluded that particular signs, for example number 5, 6, 15 should be modified and
redesigned to improve the recognition and comprehension and tested further on a
comparative basis with the original signs using different groups of subjects if possible.
It was expected that a diversified sample including different nationalities, age groups
etc. would result in large between subject variability affecting the relative compari-
son of signs. Even though there are ways of handling those issues statistically, such

a problem can be handled in future research on the subject.
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Average Error
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2. Average error and reaction time for 15 road signs

References

Shinar, D. and Drory, A. “Drivers [mmediate Responses to Traffic Signs.” Ergonomics 27, No.2
(1983), 205-216.

Hofstetter, H.W. “Computed Distances of Legibility of Standard Traffic Control Signs.” Journal of
the American Optometric Association 38, No. 5 (May 1967).

Johansson G. and Rumar K. “Drivers and Road Signs: A Preliminary Investigation of the Capacity
of Car Drivers to Get Information from Road Signs.™ Ergonomics No.9 (1966}, 57-62.

Johansson, G. and Backlund, F. “Drivers and Road Signs.” Ergonomics 13, No. 6 (1970), 749-759.
Summala, H. and Hietamaki, J. “Driver’s Immediate Responses to Traffic Signs.” Ergonomics 27,
No. 2 (1984), 205-216.

Dewar, R.E. “Psychological Factors in Perception of Traffic Signs.” Road and Motor Vehicle Traffic
Safety Report, Ministry of Transport, Canada, February (1973).

Morris, R.S.; Mounce, J.M.; Button, J].W. and Watton, N.E. “Visual Performance of Drivers Dur-
ing Rainfall.”™ Transportation Research Record (1977}, 628,

Dewar, R.E.; Ells, 1.G. and Cooper, P.J. "Evaluation of Roadway Guide Signs at a Large Airport.”
Transporiation Engineering, June (1977).

Roberts, A.W_; Reilly, E.F. and Jagannath, M.V. “Freeway Diagrammatic Signs in New Jersey.”
Transportation Research Recard 531 (1975), 36-47.

Whitaker, L.A. and Sommer, R. *Perception of Traffic Guidance Signs Containing Conflicting Sym-
bol and Direction Information.™ Ergonomics 29, No.5 (1986), 699-711.



312 Adel S. Abdul Jabbar and Syed Abid A. Nagvi

Gz gandl &g alf 2SI 3 G2l ke 5

'éﬁdpaeu@,,%ip,ac)\adab
(Lo Lid! LIS @y  VVEAT Lol cYIPVYP Ol o copane S dmals ¢ Lo AT A5
gmadt Lyl LS VVEXY LB (A s o o cgan LU Duals
(EVAAY/8/4 5 2l I3 oA AT/ /18 plidy

Sl 8T e By o Bongd 820 e bl Tyl 01 U win i . ! asie
A Sl S0 it g 33ple gl ada L Dpsgmndl 2y el S (3 Uitz
gl Bt 3l s dpagmnd gl dShaald donelin 8 5l akin 055 OF (KAl a9 . 3
U il (o 0 by} b iy U3 Szt o5 )y paindl S g S
A 2 S plasaly Sl aia (58 3y BVl Lol (il 1L
Ll YY e gty spen SUL b e l:JU: V4 e 4S8 Aol depase e (tachistoscope)

.rl_,c-T 0, WA Skd) iald (§ gt Januyiag

S Vobizly . Zonll 3100 0 25 ISy gl o dmgd IS e 1 iy et Y Jirend o5

O d gl gl oo 3 g 1 oyl 5535 s o 3 Ll S| 5 3

Y 3 ellastl gl 05 (Lndad Sl ¢ 58y ¢ palild g M Lol Jtey 45a 0 lomglh O

Ja) iy by s pdaas G &y M oyl oo gl |ty (Lge il (3 Was

car o d s atist ~ slast1 3T (((H) _idima ¢ (60) (s gmadl de pdl ¢ (P) ilye
il S3Y laadlt L A W ST A RUP e Uy PN PEIR W PRV TREIWER JEH



