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ABSTRACT

This study was designed to provide some knowledge of onc aspect
of driver behaviir; the effects of traffic controls upon turn-signal.
ling behavior of motor ver’.cle operators. For this purpose, three types
of intersection traffic ctcntrol were chosen for study. Two-way stop,
four-wsy stop, and slgnal controlled intersecticns were selected for
comprison of their erfects upcn the frequency of use and the distance
of employment of left turn sigrals given by motorists performing such
*urns.

R:sulty were obtained from the analycis of data which indiceated
that several definite relationships e2xist bLetween left turn-signalling

behavior and type of intersection traffic control,
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CHAPTER I
INTRODUCTION

Each year millicns of drivers of motor vehicles are involved in
traffic accidents, resulting in a tremendous loss of human and economic

resources (Accident Facts, 1969), For this reason, driver behavior on

the highway is of critical importance for those concerned with traffic
safety, possibly as important as ef{icient highwasy desigr, good vehicle
design, and effective traffic regulation. This study was designed to
provide some knowledge of one aspect of driver behavior; the effects
of traffic controls upon turn-signalling behavior of motor vehicle
operators.

The obJjective of this investigation was to determine which type
of intersection traffic control was most effective i: the encourage-
ment of the use of proper left turn signals., For this purpose, three
types of intersection traffic control were chosen for study. Two-way
stop, four-way stop, and signal controlled intersections were selected
for comparison of their effects upon the frequency of uece and the dis-
tance of employment of left turn signasls given by motorists performing
such turns, (bservaticns of eignalling behavior were made at twentv-
five intersections with traffic controls representative of the distinct
types selected for study.

Legal aapééta associated with signalling for a left turn and s

literature survey referencing pertineat sclutions to similar problems



2
involving turn-;zignalling behavior are contained in Chapter II. The
method of approach to the problem and the techniques employed in de-
termining the type of intersection tratfic control most effective in
eliciting proper left turns are presented in Chapter III, while Chap-
ter IV i8 devoted %to the findings of the investigation., A summary of

the results of the study and the conclusions drawn from this information

are presented in Chapter V.



CHAPTER II
LITERATURE SURVEY

Legal 3Background
The intersections under study were located in the cities of
Texarkana, Bryun, and College Station, Texas. Therefore the in-
vestigatlion of legal responsibility concerning the use of left turn

signals was primarily confined to sections of the Texas Mctor Vehi-

cle Laws. Section 65a of the Motor Vehicle Laws states that the
driver of a vehicle intending to turn left at an intersection must

do so a8 follows: "Approach for a left turn shall be made in . . .,

the right half of the roadway nearest the center line . . ., and after
entering the intersection the left turn shall be made so as to leave
the intersection tn tie right of the center line being entered." It
further declares in Section 68 "No person shall so turn any vehicle
vithout giving an app-ropriate signal . . . {7 the event any other traf-
fic may be effected by such movement . . . . A Bignal of .ntention to
turn . . . left when required shall be given continuously during not
less than the last one hundred (100) feet traveled by the vehicle be-

fore turning" (Texas Motor Vehicle lswis, 1969).

These sections of the Texas Motor Vehicle laws are in complete

sgreement with the national Uniform Vehicle Code, sections 11-601 and

11-604 (Uniform Vehicle Code, 1962). It should be noted that a turn

signal {s requived by lawv only vhen the turning naneuver may affect

3



other traffic. The use of the signal is for information only. It
does not assure the turning vehicle the right-of.way, though in certain
situations signalling may result in some manner cf courteous response

from other darivers.

Survey of the Literature

Early exploratory research justified the use of turn-signalling
behavior a&s an area of driver behavior worthy of intensive study. The
results of previous studles (Barch, Nangle, and Trumbo, 1958) and (Rock-
well and Treiterer, 1968) revealed that signalling behavior could be
measured in a reliable manner. It was found from these investigations
that behavior was related to a number of situational characteristics
(such as type of intersection and direction of turn) ir ways that were
neither insignificant nor obvlious.

While the earlier of the two studies was primarily an exploratory
one, designed to provide insight irnto the signalling behavlior of tlLe
driver; both investigations scught to determine the limitation of turn
signals as a neans of intervehicular communication. Primar!ly two under-
lying assumpuvions constituted the basls for research in both studies.
The first assumption was that different environmental or situational
corditions will evoke different f'requencles of signalling. Cecondly,
it was assumed that frequency of turn-signalling at & glven location
will be influenced by characteristics of the driver-vechicle unit.

As for the results of the two investigations, similar conclusions
vere reached regarding the effects of the type of intereection, direc-

tion of turn, and sex of the driver upon signalling behavicr., It was



concluded that: (a) turn-signalling behavior wae influenced signifi-
cantly by the type of intersection, (b) female drivers geerally sig-
nallzd rore frequently than did male drivers, ard {(c) gererslly left
turns were signciied more frequently than right turna, Yet contradice-
tory conclusions were drawn concerning the presence of other vehicles
and the signaliing behavior of such vehicles. The study of (Branch,
Nangle, and Trumbo, 1958) suggested that turn-signalling was not re-
lated to the presence of other traffic, or the signalling btehavior of
preceding vehicles. To the contrary, the study of {Rockwell ana
Treiterer, 19638) supported the following: (a) the fresence of preced-
ing turning vehicles reduces signalling frequencies, (b) signalling by
preceding vehiclee increases the signulling frequencies of the foilow-
ing vehicles, and (c¢) single vehicles signal more than vehicles travel-
ing in the middle of platoons.

Also, additional findings (Rockwell and Trelterer, 1¢f£) which
were not included in the earlier research were: {e) drivert or commer-
cial vehicles signal less than drivers of passenger vehlcles, (b) the
presence of passengers appeared to increase freque.cy of signals, and
(c) drivers of new vehicles signal more than drivers of older vehlcles.

The similar findings concerning the effects of typce ~f intersec-
t{ion upon signalling behavior are more important in regards to this
study. The conclusion was drawn that signsiling behavior appeared to
be sensitive in relation to intersection and road characteristics; yet
the determination of the relative importance of various intersection

characteristics required more study, No in-depth study wvas made in



either of the previnusly sited invest’grnrions us %o the comparison of
effectivenzes of spec!.fic methods of irtcrsection traffic control Jpon
the eliciting of proper signalling as yrescribed by luw.

Trerefor=, unlike the previougly mentioned studlen, i+ was the
pupose cf thiar inveetigaticn %o exvnire in greater drtail the <ffects
of gele~ted typ:s of {ntersection conrrol upon left tun.signalllng
beravior -—- specifically, the effect upon the encoaragement of use
of prcner lef% turn signals as prescrived by law, The method of
approach to the problem of ottainirg unntiried mcagires of the al.ilf.
ti:8 of intersection controls to elici%t proper signalling {g preseited

in the folloving chapter.



(HAPTEF I1I

MELACD

General Procelure

Sigrslling behavior was boserved £t selected two-way stop, four-
way stop, and signal controlled intersecti.as from late April to mid-
July, 1970. A tctal of 5,427 obeervations were made at twenty-five
intersections chosen as test sites. All data was taken manually, in
good westher, and under both nigh% and daytime conditions. Cbserva-
tions were made as to whether a driver signelled or feiled to rignsl
his intertion to turn left, as well as the distance uat which the signal
vas initially given. Disterces vwere recorded in increments of ‘wenty

feet up to 100 feet from the intersection,

fample Cize

Work sampling technliques were employed in determining sn adequate
sample size needed to give sufficient accurscy of results. A 99 per-
cent confidence level and a desired relative accuracy of ¥2.5 percent
vere telected &6 criteris to be usel {n specilylng semple 6ize. Togetha-
er with this criteria, the percentege of signalling occurrence wns
used to de“ermuine the required number of observations, Sinee ench of
the three systems of intersection treffic control elicited & particulsr
signilling frequency, a differently siz~rd sample was tesken for rach

type of intersection., These three samplee comprised the totsl niuher



of observations recorded duri:g this investigation. A further dis-
cussion of work sampling techniguea used in th:s study ls presented

in Appendix 1.

Cbservetlon Uites

‘Test cites were relected on the basis of the method of traffic
control =mployrd at the intoeresection. lNlre two-way stop, elght foure
wuy stop, and eight signal controlled intersections were chocen for
observation., Eiach of the three types ! intersection were standardiz-.
ed {n 8 izanner that a re!.able compariscn as to the effect of traftic
controls upon signa.’ing behavior could ne made., For purposes of thls
investigation, the types cf intersectlons selected for study werc stan-
dardized as follows:

TVO-way stop. The two-wa. etop intersection cornclsted of two
paved, two-lane roadways meeting approrximately at right arzles %o
each other; one of which was controlled bty stop signs prcrerly located,
where as tra®fic control devices were omltted from the other roadway,
Both rcadwuys were free of any road markings (otler than center line
markings) nnd visunl obstructions loestec thirty-flve feet or lesso
from the center lines of +“he {ntersecting rouiways,

Fuur-vaz stop. The four-way stop in*ersectlcn wans comprised of
two pured, two-lane roadways ueeting spprexlmately at right trgles te
each otier, controlled by a system of four-way stcp slgns properly
iocated and supplemented by stop line and center line markirgs; but
witih no other means of traffic control. The intersectlon vaos free of
any visual obstructions located thirty-five feet or less from the cen-

ter lines of the intersecting roadways.



Signal controlled. A signal controlled intersection consisted of

two paved roadways meeting approximately at right angles to each other,
coatrolled by a pre-timed traffic signal having three lenses only ——
red, yellow, and green - gupplerented by stop line and center line
markings. The intersection was free of any other traffic control de-
vices end markings, as well as visuul obstructions thirty.five feet or
less rrom the center lines of the intersecting roadways.

Typical two-way stop, four-wvay stop, and signal controlled inter-
sections observed in this investigation are depicted in Figures 1, 2,

and 3 respectively.

Statistical Analysis

The influence of traffic controls upon turn-signalling was evalu-
ated by conducting an analysis of veriance to test the hypothesis that
the meane of the signalling frequencies for each of the types of inter-
section control were equal. The testing of this hypothesis was accom-
plished by comparing the variance among the means of the three types of
intersections with tle variance of signalling frequencies of the twenty-
five individual Zaterseciions within the specific types., The rationale
was that if the variunce among the means of the three specific types
of intersections was significantly greater than the variarice within
the individual intersectlons, the added variance must be due to renl
differences among the types of intersections, rether than to chance
factors, The statisticel significance emmong the means war cnlled "high-
ly significant,” "significant,” or "not eignificant" as the significance

level was foun: to be less than 0,01, less than 0,05, or greater than



FIGURE 2.

TWO-WAY STOP INTERGECTICN

PUR-WAY STOP INTERCECTICR
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FIGURE 3. SIGNAL CONTROLLED INTERSECILON

0.05, respectively. Chi square tests were narformed to substantiate
the results of the analysis of varlance, Analysls procedures and cal-
culations are presented in Appendix 2.

The mean distances, of the three types of ‘ntersectlions, at wnich
drivers {nitially signalled their intention tc turn were compared to

the standard dietance of 100 feet prescribed in tle Motor Vehlcle laus

by applying the t-test using a level of sign!ficance of 0.05., Re-

sults of the s.ialyses are presented in the succeeding chepter.



CHAPTER IV

RESULTS

Data gathered from the field cbtservatlons were enalyzed to deter-
mine the effecté of <ype of intersection traffic control upon turn-
sighalling behavior of motor vehicle operators.

Table 1 presents fleld da'a taken at the twenty-Cive test cltes
selected to represent the methods of intersection control being investi-
gated. T[he data includes the total number of vehicles making left
turns, the rimber s'gnalling or non-signalling, ond the percent of
vehicles which r.gnal a left turn movement,

An analysis of variance was performed to compure the metns cof the
turn-sigaalling frequency of the three systems of {ntersection control,
the results of which are given in Table 2, From this analysis it wus
cor.cluded that signal controlled intercections %end to ellcit a siyni.
ficently greater use of left turn eignals thun do eitlier two-way stop
or four-way stop intersectione., It was «lso concluded trat tvo-way
6*op and four-way stop intersecticns do nov d'ffer significantly
(P>0.05) in the eliciting of left turn sigrals. A further compariron
was wadr 18 to the effects of method of intersect ion control upon the
distance at which drivers initially signal an intention to turn left,
Table 3 gives the percentages of the tctal slgnals given for each par-

ticular range as observed at each of tlie three tyjes of intersectlons,

12



TABLE 1

TURN-SIGNALLING FREQUENCIES AND PERCENTAGES AT TEST SITES

Intersection Total left
turns

TWO-WAY

192
272
184
200
210
206
221,
228
2ho
al 1656

O O3 AV W

(28
Q

FOUP-WAY

233
226
221
229
217
219
als
2n8
1798

. G ST (Y™

&+ @
&

SIGNAL

c27
209
2u&
232
211
195
206
1k
1673

- A\ £ N

[2d
3
o>
-

Signal
used

108
169
127
128
1oL
136
138
142
169
1238

136
138
143
166
154
138
170
142
1187

182
163
179
142
143
145
164

1232

No signal 1514,
used
84 56.21
102 62.13
57 €9.02
T2 64,00
89 57,01
70 65.53
85 61.60
o6 62.28
71 70.41
718 avg. 63.29
97 58,37
85 €1.05
78 64,70
63 72,48
€3 70.96
31 63.C1
75 69,38
66 €8.26
611 avg, »6.02
Ly 30,17
L6 T7.99
67 7276
91 60,78
68 6177
L7 75.69
22 T79.62
35 76,19
Ly avg. 73.89
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TABLE 2

STATISTICAL COMPARISON OF TURN-SIGNALLING FREQUENCIES

METHODS SIGNAL TWO-WAY FOUR-VAY
OF CONTROL CCGHTROLLED ETOP sToP

SIGNAL
CONTROLLED 0.0l 0.05

TWO-WAY
STOP 0.01 , NS*

FQUR-WAY .
5TOP 0.05 NS

* Mot significant at the 0.05 level

It vas conclude? “‘hat no significant difference (P>0.05) existed
smorg the effects of the three syetems of {ntersection traffic con-
trol vpon the distance at which drivers initially signel thei{r inten-
tion to turn left.

Also, 1t was found that the meen signalling dictances of the three
types of intersections were significantly less (P>0.05) than the stan-

dard distance of 100 feet set forth in the Texas Mctor Vehicle lawe, A

discussion as to the findings »of this investi{igation {s included in

Chapter V.
TAELE 3
SIGNALLING DISTANCE
DISTANCES SISNAL TwWO-WAY FOR-WAY
CONTROLLED STOP CTOP
0-20 feet 20.hy # 20,9% ok, 1%
20-40 feet 16.0% 17.1% 17.3%
Li-60 fee- 14,5% 9.9% 10.1%
60-80 feet 10.9% 8.9% 8.6%
80-100 feet 11.1% 12, 4% 1%.5%
over 100 fest, 27.1% 29.0% 25.°%

% percentage of the total number of signals
given for the particuvlar intersection



CHAPTER V

SUMMARY

The objective of this research was to Investigate the use of
turn signals at urban intersections. More specifically, the study
was designed to provide some knowledge as to the effects of type of
intersecticn upon lef't turn-signalling behavicr of motor vehicle
operators. Results were obtained from the analysis of data which
indicated the following relationships between left turn-signalling
behavior and type of intersection traffic control:

1. Signal controlled intersections elicit a significantly
greater signalling frequency than do two-way stop and four-way stop
intersections.

2. Two-way stop and four-way stop intersections do not differ
significantly in thelr effects upon slgnalling frequencles of left
turns,

3. No significant difference exist among the effects of two-way
stop, four-way stop, and s’gnal controlled intercections upon the dis-
tance at which drivers initially sigﬁal their intention to turn left.

4, The mean signalling distances of the three trpes of intersec.
tions vere significantly less than the stardard distance of 100 fret

prescribed by the Texas Motor Vehicle Iaws.

It was further determined from the 5,427 obgervations mnde at the

various test sites, that a signal of ‘7tention to turn left wns glven

15
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for approximately 68 percent of the observed turns; yet only slightly
more than one-fifth of those signals were given fcr a distance of at

least 100 feet as set forth by law.

Additional research will be required to determine the effects of
more complex systems of Iintersection traffic control upon driver be-
havior. Also further research 1s needed to investigate the =xtent to

which various situational or environmental factcrs Iinteract.



APPFNDIXES
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APPENDIX 1

‘Work Sampling
A sample taken at random from a large group terds to have the
same pattern of distritution as the large group or populoticn, If s
sample 15 large enough, the characteristics of the sample will differ
but 1little from the characteristice of the population. Work serpling
is one technique used to determine an adequate sample size, such thrat
the sample will exhibit the characteristics of the parent population,
The formule given here is customarily used for determining the .umber

of obeervations for work sampling studies.

Sp = k Vp(l-p)/n A.l.1

This formula assumes that the binomial distribution is a reason-
able gpproximation of the true condition (Barnes, 1957). Equatton

A,l.l1 may be similarly expressed as follows:

N = k° (1-p)/5°p Al2
vhere S = desired accuracy
P = percentage of occurrence of an activity

k = confidence level expressed in uvlgma limits

N = number of random cbservations
" ilues of S and k are selected based or suc'y governing criterisa
as desired accuracy of results, economics, risks involved, etc.; where

as, a value of p (the percentage of occurrence of an activity) can be

18
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initially estimated by taking a small sample and determining > frou
that sample. lLater, as more data or samples are obtained, thz estlunte
of p can be corrected.

For purposes of this study, a sample slze was determined based on
a modification of Equation A.1.2. The discuselon of this modification
18 beyond the scope of this papeir, but the interested reader may refer
to the text 2255 Samgling by Ralph M. Barnes for a detailad discussicn

of the subject.



APFENDIX 2

Stetlsiicil Aralyses
Aralyses of varianc: were used to “est the hypothesis “hat the
mean signalling frequencies of the three types of intersection were
equal, The purpcse of the analysus was to compare the effectiviress
of the methods of intereccticn tratic control {n the ellciting of
proper left turn sig-e.3 glven by metorists performing such turns,
An excellent discussion of the uechanics ot an arulysls of varlarnce

o be found in the text Ingirverirg Statisticn by Albert H. Bowker

and Gerald J. Lieberman.
Tableo Al, A2, A3 und AM present the results c¢f the asnalysen of
variancee,
TABLE Al

CQMPARISON OF TWO.WAY STOP, FOLER. .Y OTCT,
AND SITUAL CCHTROLLED INTERE:R:.”IGND

Sum of Squares Val.e Degrees of Meor
Due to of LS Freedom Oqunre

0S Total 156.1 24

£S Between L0b, L 2 92,2

£5 Within 51,7 22 72).02

Fu252,2/ 29.62 = 8,51
Hypothesis: The mean elgrnn’lirg frequencles Hf twoe
way stop, four-wny stop, krd olgnal con-

trolled intescectione are equal,

F = 8,51>F g1 » 5.73. lnJect the hypothes!s



TABLE A2

CUMPAKISON OF TWO-WAY {TOP AND SIGNAL
CANTROLLID INITERSZICTIGNS

Sum of Squeres Value De siees of Mean
Due to of 55 Freedom Square

SS Total 960.3 16

SS Between ugh,7 1 Ley, 7

§S Within L75.6 15 31.67

F = LEL,7/ 31.67 = 15.3

HBypothesis: The mean signalling frequenclies of two-
way stop and signal controlled intersec-
tions are equal,

Fwl5.3>F 1 = 8.53 Pejlect the hypothesis

TABLE A3

COMPARISOH CF FQUR-WAY CTCP AND SIGNAL
CUNTROLLED INTERSECTIONS

Sum of ESquares Value Degrees of Mean
Due to of &5 Freedom Square

SS Totnl 732,77 15

SS Between 297.7 1 2877

55 Within 485.0 14 3b.6k

Fe2b7,7/ 34.6k = 7.15

Hypothesis: The mecn clgralling frequerncies of four-
way stop and 6ignal controlled {ntersec-
tiors are equal.

Pe=7.15 >'F105 = 4,60 [ejest the hypothesis

21
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TABLE A4

CQMPARISON OF TWO-WAY CTOP AND
FOUR-WAY STOP INTERCECTIONS

Sum of Sguares Vulue Degrees »t Mean
Due %o of 88 Freedom Bguare

SS Total 376.8 16

SS Betwrei: 34,0 1 34.0

SS Within 342.8 15 22.85

F= 340/ 22.85 = 1.49

Hypothesis: The mean sigralling frequencies of two-
way stop and four-way stop intersectione
ere equal,

Fell9< Fos = L.s4 Do not reject hypothesis

Chi square tests were performed t5 substantlute the results of
the aralyses of variance. It was found that the :*esults of the chi
square tests were in complet~ agreement with those obtainei in the
analyses of variance. The recults of the chi square tests are given
in Tables A5, A6, and AT. Reference may be made to the text Stnt!sti.
cal Analysis by Edward C. Bryant in order that the chi squuare test (no
it applies to the comparison of frequencies) might be Letter understond.

Signal distances (ol 100 feet or greater) at which driveru {1i-
tially signal their intentions to turn left were compared by using n
chi square test. The results of the compuricon are given in Tnule AS,

A final analysis was performed, usirg a t-test, to compare the
mean signalling distances of two-way ctop, four-way stop, and signnl
controlled intersections with the standard distarce of 100 feet pres-

cribed {n the Texas Motor Vehicle laws, The computed mear distances

and estimated standard devia‘ions for each of the three types of inter-
section are listed in Table A9, The results cf the t-tests nre given

in Table AlO,
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TABELE AS

L NOMPARISON OF TWO-WAY STOP VS, SIGNAL
CONTROLLED INTERSECTIQNS

Intersecticn £ t* |tg-rd -b (|r°-fc\-5)2/rc

Two-Way Stop 1238 1331 92.5 6.42

Signal 1232 1139 92.5 7.51
Z3% Z570 13.93

x2 = 13.93 *

Hypotheois: The signalling distribution is in the ratio of
1956/1673.

x‘:OI = 6.63
2. 13.93 >x?01 = 6,63 Reject the hypothesis

TABLE A6

A COMPARISON OF FOU .WAY STOP VS, SIGHNAL
COQNTE.OLLED INTERSECTIQHNS

Intercection £* rr |fo-te] -4 (|fo-rl -2/t

Four-Way Stop 1187 1236 L8.s 1.90

Signal 10132 1183 L8.5 1.99
2h19 2519 3.09

x2 - 3,89 #

Hypothesis: The signerlling distribution is in the ratio of
1798/1673.

.’?C‘; - 3.81&

x° = 3.89 > 1?05 = 3,84 Feject the hypothesis

*vhere f, = observed frequency
f. = calculnted or thecreti{cal frequency

X = chi square variesile



TABLE A7

A COMPARISON OF TWO-WAY STOP V3,
FOUR-WAY STOP INTERSECTICNS

Intersection £ * fo* ,fo-fcb -4 (Iro-fcl-g)z/rc
Two-Way Stop 1238 1253 2,5 0.47
Four-Way Stop 1187 1152 24,5 0.51

25425 2h4es : . 0.98
x° = 0.95 #

Hypothesis: The signalling distribution 1e L{n the ratio of
1956/1793,

2 .
x.os - 3.31‘

x2 = 0.73 < X?OS = 3,84 Do not reject the hypothesis

TARLE A8

CQVPARTSON COF SIGNAL DISTANCES OF
100 FEIT' OR GREATER

1y2
Intersection fo* £ lfo-fcl -5 ( lfo-fcl -1) I/fc
Two-Way Stop 361 36 24,9 1.84
Four-Way Stop 299 323 24,2 1,40
Signal 333 334 0.1 0.09
993 993 ERQ
x° = 3,64 *

Hypothesis: The signal distances for 100 feet or greater are in
the 1atio of 1238/1187/1232.

X?os - 3.8’4

x° = 3.64 < X?OS = 3.84 Do not reject the hypothesis

*where f, = observed frequenty
fo = calculated or theoretical frequency

x2 = chi square variable



TAuLE A9

MEAN CISTANCES AND ESTIMATED
STANDAFD DEVIATICNS

intersection Mean Distance Standard Devirtion

Two-Way Stop k1.6 29.6

Four-Way Stop La,s 30.2

Signal L34 8.3

Combined 2.5 29.0
TABLE AlO

COMPARISON OF MEAN DISTANCES WITH THE
STANDARD DISTANCE OF 100 FEET
Hypothesio: The mean (distance) of the population {5 100 feet,
Two-Way Four-Wey Signal Combined
t statistic value 56.3 56.6 60.0 84,5

critical ¢ 05 value 1.96 1,96 1.96 1.96

RejJect the hypothesin for el!l cages.
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