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ABSTRACT 

This study '\i8.S designed to provide some knowledge of c•m; aspect 

of driver behavi.: q the effects of traffic controls upon tu.rn-GiSJ1B.l· 

ling beha,•ior of motor ve.,'.~le operators. For this purpose, three types 

uf intersection traffic ccntrol vere choaen for study. Tvo-vay stop, 

fou.r-ve;.r ~top, &nd signal controlled int(•rsect1ona were selected for 

comr~).t'iflon of their effects npcn the frequency of uGe and the distanct.• 

ut employment of left t.1rn s1gr:als given by motorists performing such 

~urns. 

R.?sult., vere obtained !ro~1 the llll8lyais of data vhich indicated 

t~t sevc~al definite relation£hips A.Xist between left turn-signalling 

t-ebavior and type of intersection tl'atf'ic control. 
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CHAPl'ER I 

INTROI.UCT! ON 

Each year millions of drivers of motor vehicles are involved in 

traffic accidents, r~sulting in a tremendous loss of human and economic 

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

the highway is of critical importance for those concerned with traffic 

safety, possibly as important as efficient highway design, good vehicle 

design, and effective traffic regulation. This study was designed to 

provide some knowledge of one aspect of driver behavior; the effects 

or traffic controls upon turn-signalling behavior or motor vehicle 

operators. 

The obJective or this investigation was to det~rmine which type 

of intersection tr,ffic control was most effective 1:; the encourage

ment of the use of proper left turn signals. For this purpose, three 

types or intersection traffic control were chosen for study. Two-way 

stop, four-way stop, and signal controlled intersections were selected 

tor comparison of their effects upon the frequency of use end the dis

tance of employment of left turn signals given by motorists performing 

such turns. Observations of signalling behavior were made.at twer.~~

tive intersections with traffic controls rP.presentetive of the distinct 

types selected !or study. 

Legal aspeCts associated with signalling for a left turn and a 

literature Iurvey referencing pertinent solutions to similar problems 
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involving turn-signalling behavior are contained in Chapter II. The 

method of approach to the problem br:~ the techniques employed in de

termining the type of intersection trai'fic co~~rol moat effective in 

eliciting proper left turns are presented in Chapter III, while Chap

ter IV is devoted to the findings of the investigation. A summary of 

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

are presented 1n Chapter V. 



CHAPl'ER n 

Legal :1a.ckground 

Tb~ interse~tions under study were located in the cities of 

Texarkana, Bryan, ~nd College Station, Texas. Therefore the in-

vestigation of lecal responsibility concerning the use of left t•.1rn 

signals was primarily confi.ned to sections of the ~ ~ ~

~ ~· Sectio~ 65a of the Motor Vehicle ~ states that the 

driver of a vehicle intending to turn left at an intersection must 

d-:> so as follows: "Approach for a left turn shall be made in •.• 

the right hal!' of the roadway ne11rest the center Hne • and after 

entering the intersect ion the left turn shall bl• made so as to leave 

the intersection t" t:1e right of the center line being entered." It 

further declares in Section 68 "No person shall so turn any vehicle 

without giving an app·:oprinte signal • 11 the event any other traf-

fie may be e.ffected by svch movement A signal of .ntention to 

turn ••• left vhen required shal:!. be given continuously during not 

less than the last one hundr~d (100) feet traveled by the vehicle be-

!ore tlC"nir!g" (~~Vehicle ~. 1969). 

These sections of the Texas Motor Vehicle Laws are in complete 

agreement with the national Uniform Vehicle Code, sections 11-Gol and 

ll-6o4 (~!~z:! Vehicle Code, 1962). It should be noted that a turn 

81gru1l 1e requ!.. \'~ by law onl.r when the turning l!.dneuver !lillY affect 
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other traffic. The use of the signal is for information only. It 

does not assure the turning vehicle the right-of-way, though !n certain 

situations signalling may result in some manner v! courteous response 

from other Grivers. 

Survey of the Literature 

Early exploratory research justified the use of turn-signalling 

behavior ~o; an area of driver behavior worthy of intensive study. The 

results of previous studies (Ba~ch, Nangle, and Trumbo, 1958) and (Rock

well and Treiterer, 1968) revealed th~t signalling behavior could be 

measured in a reliable manner. It was found from these investigations 

that behavior was related to a number of si';uational characteristics 

(such as type of intersection and direction of turn) in ways that were 

neither insignifica~t nor obvious. 

While the earlier of the two studies was primarily an exploratory 

one, designed to provide insight into the signalling behavior of He 

driver; both investigations sought to determine ~he limitation of turn 

signals as a ~eans of intervehicQlar communication. Primar~ly two under

lying assump~ions constituted the basis for research in both studies. 

The first assumption was that different environmental or situational 

cor;ditions will evoke different frequencies of s ignnllir:p;. Cecondly, 

it was assumed that frequency of turn-signalling at a given location 

will be influenced by characteristics of the driver-v~h!.cle u.ni•_. 

As tor the results of the two investigations, similar conclusions 

were reached re~ard1ng the ~ffects of the type of interc~ction, direc

tion of turn, and sex of the dl'1ver upon sign~lling behavior. It vns 
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concluded that: (a) turn-signalling behavior lolftS influenced aignif1-

c&.nt!;r by the type of intersection, (b) female drivera ge·~ernll/ sig

nal!~d nore frequently than did male dr!:rers, ar.d (c) ger:ers.lly left 

turn• were dgr.c.U.ec1 !!lore frequently than right turr:1, Yet eontrtt41o

tory conclusions vere dravn concerning the presence 0f oth?r v"!bicles 

and the signa~i..i.ng behavior of such vehicles. The study of (Branch, 

Nangle, and Trumbo, 1958) suggested that t~·n-aignalling vas not re

lated to the presence of other traffic, or the signalling tehav1or of 

preceding vehicles. To the co'ltrary, the study of (Rockwell ana 

Treiterer, 1968) supported th~ following: (a) the presence of prec~d

ing turning vehicles reduces signalling fr~quencies, (b) slgn<>.llil'g hy 

preceding vehiclee increases the signalling frequencies of the foilov

ing vehicles, and (c) single vehicles signal more t~an vehicles travel

ing in the middle of platoons. 

Also, additional findings (Rockwell and 1'reiterer, 1~68) which 

vere not inr.luded in the eazlier research vere: {e) driverL of ~ommer

cial vehicles signal less than drivers of pusse~er vehicles, (b) the 

presence of passengers appeared to increase frE:q1:e. JCY of aip;nnla, nnd 

(c) drivers of nev vehicles signal more th.ln drive.-ll of older veh!.clee, 

The sitnilar findings concerning the effects of t~ "!' interRec

tion upon signalling behavior are more important in regardR to this 

study. Tbe conclusion vas dravn that signalling behavior appeared to 

be sensitive in relation to intersection and road charncteriatice; yet 

the determination of the relative importance of va~ious intersection 

characteristics required more study. No in-depth study vas made in 



6 

either of the pn·vi:-usl:l sited irNeet' gr..~ions '~" ';o thf. r·ompnrlson of 

effectiven~eb of spec!.!'ic m~tt.oda of irtr-:r 3P.~tio:1 traffic control ;pnn 

the el1cit1nc ot proper .tan.allina aa l;rur:ribed by .L••"'· 

Therefor~, u."llike the prevro•Jol:f mentioned studten, i+; w.<u; tf.e 

pw·pose ct r.:1iR in'lett.tgati.c'l ... o ex .. ni:e in greater dr·•,nil tbP •!1'fects 

of sel~-::t~:d typ:~l or intersection conr,rol up.)n left tu-n -aie,nalllng 

be!:Bvtor --· RP'!'-!J.fically; the ef1'ect ~1pon ':.he enc~·, ... rag~ent of u&e 

ot p:o:-c,er let~; turn n1gnals as prescr!ued b~ 1nv. 'I'w! m<>thod of 

approach to the problem of ot.t.ai,lir~ ·,:ur•nt 1.7'1-ed mc1unree of th~ aLH1-

t La of interoection controls to elf.. c.:.~ !Jroper signalling ia preBeiitf d 

1n the f<:>l.l.o1. l.ne; d'.a pter. 



CHAPl'EF II! 

MEl .HOT.' 

Gen~ral ProceJ~~e 

S1gr::.ll1ng behav lor vas boserv•~d ~ t st·le(;ted tvo-'Wf.'.y stop, i"our

vay stop, and signal controlled 1nter3ecti·;1s from lat'! April to mid

July, 1970. A total or 5,42'7 ·~b6er'w'"lt1?ns vere made at t .... enty-five 

1ntersecti.ous chosen as test sltr!s. All •j01ta vas taken manuAlly, in 

good weather, and under b.)th night a11d daytime conditions. CbservR

tlons ver~ made as to vht!1~her a driver &i.gnt.lled or failed to :;tgllnl 

his intention to turn left, 8s vell 8S the distanc-e •Jt 1fh1ch the s1gnRl 

vas 1n1t1al.ly given. Diatt.r.ces vere recorded in increments of ~vPnty 

teet up to 100 teet from the intersection. 

f.ample !.J1ze 

Work sampling techniques vere employed ln determining an ndequate 

&ample size needed to give sufficient accurr•cy of resnlts. A 9'! J*r

cent confidence level and a 1es1red relative accur&-:y of !2.5 perf'f'nt 

vere ~elect~ as crlte·ria to be use.\ in S?ec.1fy1ng St;mple sil.e. o;·.Jfl:l't.h

er vlth thfs cr!teria, the perce11tage of signalling occurr,.ncf' vno 

used to de~ertulne tt,e required nUl!lbe .. of ob6ervat.iona. Sine,. Nlch of 

the u,ree systell'lB or intersect ion traffic control el1.c1 ted fj pert leu lflr 

slgr11tll1~ frequency, e differently s1z.ed ~>ample vAs tAken for ,.ach 

type ot intersection. These three sample• compr111ed the totol n..;,,Jb,.r 

1 



ot observations re-corded dun·:g tlJ1 s investtgation. A furtr:er d1&

cu~:s1on of work sampling techniquea used in th~.s s~udy ls ?resented 

in Appendix 1. 

Observat!:>n n1tes 

8 

•relit uites were r.elecCc!d on the basio of ':he method of traffic 

c0ntro! ~~mploj·ed at the iu~ c•r&€ction. Ill1:e t'WO-'WO.:·· btop, eight four

way .stop, and t-ight signal r·ontroJ~ec tn•.ero.-ctions 'Were choc;en for 

observati•::m. Eich :::>f th'!' three typen 0:· interse~:t.io1 . ...,ere stnndo.rdiz

ed in e i.:lllnner that a re.' :.!lt,],~ C'.'UlpP.:tiscn as to the effect of trnffic 

controlb upon signn:..:.i~; beh;nfor could ')e made. For purpoi'PS of this 

inves·dgation, the> types cf intersections selected for study "Wer:· stan

dardized as follo"Wn: 

1\lo-'lr.ly !!.~· T:1e t\.·o-w£J..' E.' top intersect ion c0r:c is ted of t ·.w 

paved, t.wo-lane road'Ways meet tng n.rpro:r fmat.ely at rieht l'.r.zlcs 'vo 

each other; one of "Wbich 'WaS control~r·d I:'J Gtop oigno prc.r.erly located, 

where sa trc,!'t'il! cont.·ol d•·vices -were omitted fr·un the other r:md\offiy, 

Both rCI.\dv:qs 'WP!'e free of any rvad mnrk1ngu ( ot .':~r thM center line 

markings) nnd v1sunl obstruc<:.J one luc'ltF!f. •.birt:;-1 1 ve fer!t or 1"68 

from the center lines of •.iJe intersecting ro:.~. i•ays, 

f..;::l:o--\t'ay ~· The four-~omy stop in':erEr>~.:tir:•J won ~o::JpricPd of 

two pc..·red, two-lane road'Ways !Jeet1ng apprcx lrn••tely nt r1p;ht ur.~lr!fl tc 

each ot:1t!", controlled by a s;rst'!'ll of four-wy etcp olgns prJp'.'rl;,

locat.ed and supplemented by utop lir.l':' e.nd center Hne mark1r.po; h•Jt 

with no other means of traffic control. Th!'! intereect!.on vns free of 

any vieual obstructions located th1r1:-y-f1'1e t'eet cr less from t.he cen

ter lines of the intersecting roadways. 



Signl!l.l e;ontrolled. A signal controlled intersection consisted of 

two paved roadw~ys meeting approximately at right angles to each other, 

co:1trolled by a pre-timed traffic signal hav!.ng three lenses only -

red, yellov, and green --- aupple~er.ted by stop line and c~nter line 

lllllrkings. Th~ intersection was free of any other traffic control de

vices an1 markings, as well as visual obstructions thirty-five feet ·.>r 

less from the ce~ter line& of the intersecting roadways. 

Typical two-way stop, four-\~Y stop, and s!gnal controlled inter

sections observed in thu investigation e:e depicted in Figurt>s 1, 2, 

and 3 respectively. 

Statistical Analysis 

The infl~.:ence of traffic controls upon turn-signalling wRs t>valu

ated by conducting an analysis of variance to test the hypothesis that 

the mean& of the si~nalling freq•lPncies for each of the types of inter

section control were eq1~al. The testing of this hypotht>sis was accom

plished by comparing the variance among the means of the three types of 

intersections with tte variance of' signalling frequenc1eo of the t'oolenty

five individ•.te.l !.;1terse<::i..iolle 'ool!thin the specific types. The rat1onalt> 

VAs that if the vari~nce among the means of the three upecif1c types 

of inteJ·sections was significantly greater than the variance "!thin 

the individual intersections, the add~d variance muot be d\.le to :~f>nl 

differences among the types of !.nteroect1ons, rather than to chnnce 

factors. The stat1sticP.l significnnce IU!Iong the means wat cnlled ''high

ly significant," "signiticftnt," or "not significant" 'ls th(~ s1gn1f1c:nnc~ 

level vaa foun-J to be leos than 0.01, lees tha.'l 0.05, 01' grP.ht~r thAn 
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F'IGURE l. TWO-WAY STOP DITERGECTIOU 

FIGURE 2. ?CUR-WAY CTOP I.NTrn::w:riON 
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FIGURE 3, f)!GNAL Ccrr:t'ROLLED INTERSF:C"l':LON 

0.05, reapectf.vely. Chi square testa "'ere .,.,'!rforrned to substantiAte 

the results of the analysiu of variance. Al"11YGis procedures and cal-

culatio~o are presented in Appendix 2. 

The mean distances, of the three types of ~ntersectiona, at vnich 

driv~rs initially signalled their intention tc• turn "'ere compard to 

the standard dietance of 100 feet prescribed in t:.e ~2! V~h1~le ~ 

by ~pplying the t-test using a level of sign~ficance of 0.05. Re-

•~lte ot the ~.ULlyses are preocnted in the succeeding chepter. 



CHA?I'ER rY 

RESUUl'S 

Ieta ga+.hereii from the fleld otservatione vere analyzed to deter

mine the effer:ts of type of in t ersection traffic cor.trol upon turn

sig · ~lling behav~or of motor vehicl~ operators. 

Table 1 presents field da~·. a taken at tht! tYent y-:'!.ve t er.; t Gi te s 

selected to represent the methods of .i.ntero~ction control be ing 1nveoti

gated. me 1ata includeo the t otal Tllll'!l~er o f veh i cles llllikin~; l<:>ft 

t,•J.rns, the r ~ • rnb'!r.· s •.gnaJ.ling or non-signalling, end t.he p':' .~ cent ·,"f 

vehicles \lhich (. i gJ .al A left turn movement. 

An ana.lyais of ·,ar!.ance vas performed to corr.p•1re the rnN . :·1s cf the 

turn-sig;lalling frequenc::y or the three uyotems ·Jf im e rr.;cct!. <Jii contr:Jl, 

the results of vhich are given in Tnbl~ 2. ~·om :r.io F.lllnl.yo i s 1 t \illS 

concluded that signal controlled interredionr.; ~ enrl to elicit a r.1 Fd·· 

t'iCP.ntly greater use of left, tttrn s tgn11lc; ttmn do P.t t l,f' r t w•.' -"''.lY Gtop 

'Jr four-vay stop 1ntersectionc. I t waG ltlno conc!. uded t'~ o. t t.vo -wn:1 

s•.op and t'our-vay stol-' 1ntersect1cnf! do no·c rl". ff,..r r.i~J ; ift cnn t ly 

(P>0.05) in the el1c1ttng of left turn sip-r:<.ln. A fur t.h t> r C'>r!:!Yi ri r;on 

vas roodr- '18 to the effects of rr.ethod o!' int<-·ruec:t ·'.on :=or.t r o l upon tile 

distance ut vhich dr1veru initially s1gn.e.l an 1r•t '':lt !.on to turn lr!ft.. 

Table 3 gives the per~entogeo of the toto~ signals give n f0r eo ch ~~r

ticul.ar range aa obeerv~d at eoat.:h of the three ty .:><~B of i nt ernt:!ct ~ o n o. 

12 
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TABU: 1 

TUFIN-SIGNALLil'iG FREQU~CID3 AND PERCUID\GES AT ':'EST SITF;3 

Interr.ect1on Total left Signal No signal !Si,5. 
turns used u~,;ed 

TWO-WAY 

1 192 1.C3 84 56.21 
2 2'72 169 103 62.13 
3 184 127 57 6<J,02 
4 200 128 "i2 64.00 
5 210 .12.1 8') 57.61 
6 206 136 70 65 .)3 
7 221, 138 8' '..J 61.6o 
8 228 142 66 62.28 
9 21~0 169 Tl 70.41 

total 1956 1238 718 avg. 63.29 

FaJI'-WAY 

1 233 136 9"f 58.~7 
2 226 138 8o 61. or) 

3 221 ].!~3 78 64.'10 
4 229 166 63 72.48 
5 211 154 (3 '{0.96 
6 219 138 -31 63.01 
7 245 170 15 6'}. 38 
8 208 142 66 68.26 

total 1798 U87 611 avg, ()6.02 

SIGTiAL 

1 227 182 1+> 80.17 
2 20') 163 46 77. ')') 
3 246 11) G·r 7;:. '(6 
4 232 142 91 w .. -rb 
5 2ll 143 68 6'(. Tr 
6 195 14G 47 7S.fi'J 
7 206 1f>J~ :.2 7').62 
8 147 ll2 j5 ·r6.19 

total 1673 1232 441 avg. 73.89 
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TABI£ 2 

STATISTICAL CCJ.r...,AR!SON OF TURN-SIGrlALLING FREQUENCI.E1J 

METHOOO f'IGNAL TWO-WAY FOJP.-r!;\V 
OF CONTROL CCJiTROI.!.ED STOP S':t:OP 

SIGNAL 
CCJITROLLED 0.01 0.05 

TWO-WAY 
STOP 0.01 NS* 

F<lJR-WAY 
* STOP 0.05 !'IS 

* Not stgnif1cant at Ule 0.05 1~vd 

It ._1l8 conclude~ '..,hat no t~1gnif1car.~ difference (P>0.05) exist('d 

.~.mor:g the effects or the three ayetemo of intersection traffic con-

trol •Jpon the dif;tance at which dri vera 1ni tially signal their inten-

t1on to turn left. 

Also, it was found that the mean si~nnll1ng dif:;tRnc~s of the three 

types of intersections were significantly lese (P>0.05) thnn the stan-

dard distance or 100 feet set forth in the T~XIlS Mc,tor VPhic1e LAws. A 

discussion as to the f1nd1ngs ')f thia inv~stlg'lt1on 111 1nc1udf'd tn 

Olapter v. 

TABLE 3 

SIGNALLINr; DIDTANCE:; 

LI::JTA11 r;rn Sl";IIAL n.·o.wr,y FCA TTi- ·..,·11 'f 
C<JITROLLED ~;TrJP ~~TCP 

0-::-o feet ?O.l1J, * 2? .'J"f ?11.11o 
20-40 feet lf). of, H.lf, rr. ~1 
4-:J-&1 fe~~- 14.)% <). ':J1> lO.l;t, 
6o-8o feet 

10. ''"' 
f3 • <)'~ 8.fif, 

80-100 feet 11.11> l? ,llf, 1 1
1. )1> 

CTVer lOO feet 27.11> 2').?f, <'5.?'1 

* percentage or the totlll m.ur.ber of e1~nn1fl 
given tor the pkrticvlar intersection 



CHAPI'ER v 

SUMMARY 

The objective of this research .... as to 1nvest1gate the uoe of 

turn signals at urban intersections. More specifically, the study 

'WSS designed to provide soffie kno'Wledge as to the effects of typ~ of 

intersection upon left turn-signalling behavior of mot.;or vehicle 

operators. Results 'Were obtained from the analysis of ch~.a which 

indicated the follo'Wing relatiom;">!ips between l.:?ft turn-oignnllin~ 

behaYior and type of intersection traffic control: 

l. Signal controlled intersections elicit a significantly 

greeter signalling frequency th~n do t'WO-'Way 5top and four-way stop 

intersections. 

2. T>~o-vay stop and four-'lnly stop intersect ior.s do not differ 

a1gnif1cantly in their effects upon signalling frequ~nciea of left 

turns. 

3. No significant difference exist among r,he l'f'f••c.:tr, of t'Wo-wny 

stor•, fo•Jr-'Way stop, and s!.gnal controlled i:-Jtercectionr, upon the dill

tance at 'Which drivers initially signal their intention to tnrn left. 

4. The mean signalling dictur.ces of th(' three t;•peo of 1ntPrs<>~

tions were significantly less thnn the star.1nrd distnnce of 100 f,.et 

prescribed by the ~ ~ Vehicl~ ~· 

It 'WSS further determined from the 5,427 obsenations r:u,de nt the 

various test sites, that a signal of '1tention to turn left vns giv<>n 

15 
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for approximately 68 percent of the observe1 turns; yet ,1r:.ly slightly 

more than one-fifth of those signals were given fer a diEi'.·"-nc~ of at 

least 100 feet as set forth by law. 

Additional reaeareh wi~ be required to determine the effeete of 

more complex systems of intersection traffic control upon driver be

havior. Also further research is needed to investigate the extent to 

which various situational or env1.ronmental factors interact. 



APmiDIXES 
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APPENDIX 1 

Work Crunpl1ng 

A sample taken at random from a large group tends to llwre t:he 

same pattern of distritution as the large group or p-:>pulat •.:..r.. If n 

sample is large enough, the characteristic:.J of ti"Je sample ·.;ill differ 

but little from the characteristics of the population. Work ror1.pl1ng 

is one technique us•~d to determine an adequate sample &ize, such tr3t 

the sample will exhibit the characteristics of the parent popu].nt i. )CJ. 

The formula given here is customarily used for do;otermining the .n:mbf>r 

of obeervations for work sampling studies. 

A.l.l 

This formula assumes that the binomial distribution io a reavon

able qppraximation of the true condition (Barnes, 1957). Equat!on 

ft.l.l may be similarly expresoed as follows: 

where S • desired accuracy 

p • percentage of occurrence of an activity 

k • confidence level expresned in uigmn limits 

N • number of random obseriationo 

A.l..2 

' >lues of S and k are selected buaed or suc'J governing cr1t,..r1a 

as desired accuracy of results, economics, 1isko involved, ~tc.; wlle•e 

as, a value of p (the percentage of occurr~nce of an activity) can be 

18 
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initially estimated by taking a Cl1118.ll saMple and determining .> fro:~ 

that sample. !Liter, as more da La or camples are obtn !.ned, u·,.= est tJc.n te 

of p can be corrected. 

For p•.u-posea of this stucly, a sample s!.ze ;.•ao determined bnued on 

a modification of Equation A.1.2. The discussion of this modif~cati~n 

is beyond the scope of this pape1·, but the intereet.~d re1.1der may refer 

to the text ~ Sampling by Ralph H. Barnes for a de·~ail<?d discuesicn 

ot the subject;. 



APrnm.o: 2 

Al:·U,yses of var!.snc-•; vere Ul:E'd to ~est. -::t.e hypothesis '.hat the 

1De8l! &i@'nalll.ng frequ~nc1ea of the t,hree type:J of 1ntt•r~:~ect1on 'Were 

equal, The purpose of the Hnalj'5•.~s was to C:)!llpare U1e effect 1 nr.!."BB 

Of the methods of 1nter&o,•ct1cn tre.f::'ir: ClJntrol in the el1c1t1r:g af 

pro~r left turn s1;.:~1-:...a gi·t•:n by m'Jtoz·isto perform!~ 11uch turr1s, 

An excellent discuss:.on of the L·.echnnics ':.If fu ar ulyo1u of ·;nrinnce 

and Ger~d J. Lieberruan. 

'l'ableo Al, A2, A~ und /•4 pre!HJ:lt t:Je results e:f the &nnlyoeo of 

var1ancee. 

TABLE Al 

CCMPAFLSON OF TWO-WAY STOP, FO.F- .. Y CTC•T, 
AN!J SI ::!i:U. CC!ITROLLED Dr.l'E;;~n ,. , ~ Ir.1l:3 

Zum or Squar,..s Val·,e Deerf•eo vf gcnr. 
Ole to of :;s Fret>dom ~q mre 

r;s Total lly(i,l 24 
6S ~tween ~04.4 2 ;.')?.? 

"''" ~ ... ) W~thin 6~71. 7 22 ;; ) • tJ?. 

F • 252.2/ 2J.C2 • 8.)1 

Hypothesis: 'fil•~ mP.on lJ!gr.n:ltr.g freq!Jenc1t•n ,?f two
'rlft.Y a;top, fo,Jr-wlty otnp, ,,r.d oigr1lll con
troll-::•.i 1nt.t•J'£ec-!'~1or.E are eq•;nl. 

F • 8.51 >F. 01 • 5. 73. 



TABLE A2 

CCMPAFtiSON J.!i l'WO-:.fAY CTOP AND S!:.mAL 
ccrrrnou.:r> IN'l'ER.3:::c:rror~s 

Sum of Squ~r~.c Value DI!J:·ees or Mean 
n..te to of SS .F'r"!"!dom 3quare 

SS Total 96o.3 16 
SS Betveen 484.7 1 4C'4. 7 
SS 'ii1t.h1n 475.6 15 31.67 

F • 484.7/ 31.67 • 1).3 

H,ypothesis: The mean signalling frequencieu of two
way stop and signal controlled intersec
tions are equal. 

F • 15.3 > F". 01 • 8 /X3 Re,l ect the hypot!':es ta 

'lADLE A3 

CCMPAAI.SOU OF FOJR-WAY GTCP AUD SIGNAl, 
CCtfrnOLLED Dl'l'ERSE~'IO!IS 

Sum of l::quares Y!!lue Degr<?es or Mean 
fue to of ;:;s Freedom Sq•.t.'lre 

SS Tot111 T32. ·- 1~ 
SS Between ;,47. 7 1 21~7 .. , 
SS Within 485.\J 14 34.(,4 

F • 247.7/ 34.64 • 7.15 

Hypothesis: The mecn c 1~r.alllng frequ~Lci~>a of four
vny st~'P anu r.ig~•ul controlled intf.roec
t1ons are equul. 

P • 7.15 > '· 05 • 4.6o Heje-:t the hypothesis 
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TABLE A4 

CO-iPARIEOll OF TWO-WAY STOP AIID 
FOOR-WAY STOP DITER~Ec:I'IONS 

Sum of SQuares Vulue Degrees '11' 
~·to ot 00 J'reed0111 

ss Total 376.8 16 
SS Bet"~mei~ 34.0 1 
SS Within 342.8 15 

F • 34.0/ 2~.85 • 1.49 

22 

l·lcnn 
B~uare 

34.0 
22.85 

HYPothesis: TI1e mean aigrall1ng frequenci e s of t~o
~t~ay st.op and four-vay stop intersection~;~ 
f.·.Tf! equal. 

F • 1.49 < F. 05 • 4.54 Ib not ~eject hypothesio 

Oli square tests vere performed t) subotan~i11+;e the rt:!oul t ~> n f' 

the ar.n.lyses of variance. It ~as found that the :·enulta of th!: chi 

square testa vere in complet'! aereement ~1th tho.;e obtainrd in the 

analyses of variance. The reoults of the ciJ1 square tests Rre p,iven 

in Tables A5, A6, and A7. Reference may be mnde to th(· tr:xt ~ta'. !. t ; tl-

~Analysis by Ed~ard C. Brynnt in order that the chi aq,mre teat (no 

it applies to the comparison of frequencieo) migh t be bet tr r und t:rr:t.o 'Jd. 

Signal distances (o: 100 feet or greuter) at which drivcro i11i-

tiall,y signal their intentions to turn left vere compared oy u:j i np, n 

chi square test. The result!! of tt;•: comrn.rir,un IJ.re gi•ten ir1 Tn;Jl'' N1. 

A final analyois vas perforrr.o::~, usir;g a t-t~:at, to c ~mpnre t.h<> 

mean signalling diat'lnceo of tvo-·,..ay otop, four-wy stop, nn<1 o1~~~~ ~~1 

controlled interoections vi th the otandnrd d16t.arJCC of 11)0 fr.·et pr,..n-

cr1bed in the ~ ~ Vf!hicle Ltt~s. TI1"' computeu mPar; d1otnnceo 

and estimated standard devia~1ons for each of the three t:~a of int~r-

r.ection are 11.1ted in Table A9. The results cf thl'! t-t~st.s nr~ gtv~n 

in Table Al.O. 



TAELE A5 

1~ r,CMPARISON OF TWO-WAY STOP VS, SIG!IAL 
CONTROLLED L'iTERSEcriorlS 

Intereecticn f * f * I fo-r c! -~ ( lro-l'c\--~)2/fc 
0 c 

Two-W!'ly Stop 1238 1331 92.5 6.42 
Signal 1232 1139 92.5 7.51 

uru ~ lj.'yj 

x2 • 13.93 * 

Hypoth~wis: The signalling distribution is in the ratio of 
l956/16n. 

x:01 • 6.63 

x2 • 13.93 >x:ol • t1.63 ReJtct the hypotheais 

A CCMPARlf:ON OF FOJ .-WAY STOP VS, SIGNAL 
C'Cffl'F. OLLED INTERSEcrioriS 

Interl:iection f * () fc* lro-f ~:I -t ( lro-fc~ -02/rc 

Four-Way Stop 1187 1236 48.5 1.<)0 
Signal 1232 1183 48.5 l.<J<J 

2419 24ly 3.0) 

Ryp:lthesis: The signr.lling d1otr1but1on is 1n the ratio of 
1798/1673. 

:!c.~ • 3.84 . " 
x2 • 3.89 > x705 • 3.84 Reject the hypothesis 

*vhere r 0 • observed freque11Cy 

fc • •!U.cull\ted or theoretical frequency 

x2 • chi square var~v:Jle 
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T..~BLE A7 

A CCMPARISON OF 'IWO-WAY STOP VS. 
FaJR-'NAY STOP Dri'EHSEcr'ICilS 

!nte:section jro-fc) 
_, 2 f * fc* Cjro-fcl -~) /fc 0 

Two-Way Stop 1238 12<'} 
''J 24.5 0.47 

Four-Way Stop ll87 1162 24.5 0.51 
2425 ~3" 0.98 

Hypothesis: The aignRlling dlatribution is in the ratio of 
1956/1793, 

x:05 • 3. :i4 

x2 • 0.~ < ~05 • 3.84 Do not re,ject th~:: hypothesis 

CG'.PAR':"SON OF SIGNAL DIETANCF::l OF 
100 FE~' OR GRF.ATrn 

Intersection f * fc* jro-fcl 
_, ( jr0-fcj-~) 2/rc 0 

Two-Way Step 3,..., 
O.L 336 2!+,9 1.84 

Four-Wa~ citop 2')') 323 24.2 l.iYI 
Signal 333 334 0.1 O.O'J 

993 993 'f."[,ii 

Hypothesis: The n1gnal distances for 100 feet or greater m·e tn 
the utio of l23t3/U8'f/l232. 

x~05 • 3.84 

x2 • 3.6~< x~05 • 3.84 Do not rej~ct the hyp0thes1s 

*vh~re f'0 • obaerved frequency 

f'c • calculated or theoretical frequency 

x2 • chi aquare variable 
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TJ..:JLE A9 

MEAN t.tsTATiCES AND ESTDJ.ATED 
Sl'A!lDAl;D DEVIATICNS 

Intersection Mean Distance Staudard D<!vif•t1on 

~~-Way Stop 41.6 29.6 

Four-Way Stop 42.5 30.2 

Signal 43.4 28.3 

~~!ned 42.5 29.0 

TABLE AlO 

CCMPARISCfi OF MEAH DISTAr' ..:ES wrrn TilE 
STA!lDARD DirJ!MICE OF 100 Fl::E:r 

H,ypothesio: The mean (diotance) of the population in 100 feet. 

1"..-o-Way Fou:--Wey Signal Combined 

t statistic value )6.3 56.6 6o.o 84.5 

critical t. 05 valu~ 
1.91) 1.96 1.96 1.96 

Reject the hypothesill for eJ.l cases. 

25 



1. Barch, A.M., Nangle, J., and Trumbo, D. "Situati·mal Chnra ·:tcris
t1cs and Turn Sig:"'.allL g Behavior." HiP,h•my Beseu.rch 13oa:~d 
Bulletin ~· Highway Research Doard, l y)8. 

2. Barnes, Ralph M. ~ ~~· 2nd ed. New York: John Wiley and 
Sons, Inc. , 19') 7. 

3. Bowker, Albert H. r.:.nd L!cbenr.tm, Gerald J. Llgir:eeri· ~ e: ~':..!:.!!~· 
Engle1o10od Cliffs, N.J.: Pren1 . ~. ce-Hall, r: .. 1'}) ~ . 

4. &yar.t, Ech·ard C. Stutir;tical Anulyr.ir.. llew York: Mc:Graw-.lll.ll 
.a..-..ok Co., .!.9&6. -

5. riation.':\1 Con:::J!.t-r.ee on l'•liform Traffic w ·•s a nd Ordi 11 nnceo . 
Un!.forn '/chicle Code. Wachir:eton, D. C.: l <JG2 . 

6. National Safety Counr:U. Acctdnnt Fncts. Chicago, Illir.,>ia: 
fhtiomu Sn~·ety CounciL,lyG-J. -

1. Rockv:!ll, Thorr.as H. and Trf:iterer, Josep.1. "Sensing and Comm"Jn ic-!l
tion Betveen Vehic.L~o." !!_at1onnl r/)opcrative Higlrwn:z:. Researc!! 
Program Ft~port 51. :d!ghvay Heueach Bot~.rd, l.YW. 

8. Texas H1ghvay Departmer:'r; . 
. TeJta8: 1969. 

Texas ~1otor V~hicles UI'tB. ---

26 

kJ'Jtin , 



SELEC"l'ZD BIBJr ::;r \PHY 

l. I!aerwald, John ':, (Ed.). Tr9.ff1e Enfineerir.!l; Ht.ndbook. 3rd. 
edition. Washington, 1).';"7:-rnst tute o1'"-::'raH!c R"'lgineers, 
1965. 

2. Dal'ch, A.M., llangle, J., and Trumbo, D. "Bituatic ;nal Charncteris
ti,!B and Turn Signell1ng Behavior." Highw&y Rere>:trch Board 
~ ~].~ill· Highway Res~a.rch Bcnrd, 1~ 1 :, 8. ----

3. Barnes, Ralph H. ~ ~~pl1ng. 2nd ed '.tion, New York: John Wiley 
and Sons, I.nc. • 19~ r. 

4. Bayley, J .H. "Inter:•ection Capacity." T~·affic Eng i neerine. 
Vol. 2'), No. 6 \1959). 

5. Bowker, Albert H. and Liebennan, Ckrald J. Engineer inc< Statis
tics. Englewood Cl1!'fs, N ,,r. : Prent ice-Hal.l, Inc. , l~~y. 

6. Br-yant, Edward C. Statistical Annlynin. ll~w York: McGrl •.w-Hill 
Book Co., 196.1, 

7. Fl'ench, A. "capacities of One-Way ar:G Two-W'ly Gtree". e with 31gi:~i.o 
and [.top Sigr:s. •· Hl5hw~ Resenrch .!30ard l:' ulle.in 112. 
Highway Res~~ch Board, 19)6. 

8. Hall, E.~. "Intt!rsection Delay - Sie,nul vs. Four-Wny Stop." 
~edir:ge ~!.~ ~ ·.~'rnffic Engine~ 1952 . 

9. Hs.nson, D.J, "Are Then• Too l-1any Four-Wa:r Stopn7" Traffl '
~r:_f!ering. Vol. 28, t•:o. 2 (1957). 

10. Harrison . H. H. "Four-Wny Stopn." Traffic ~.:f.1Tlf'ering. Vol. 19, 
No. :;_ ( 1949) . 

ll. Keneyop, J .M. "Efficiency of Four-Way ~t op '-''· Ur b•.w In•.err.ec
tions." Traffic Er l !;;1.r , "~r1ne. Vol. 21, He.') (19) 1). 

12. Lest.~, J . •:: , "Presence De'...et:tor for .:£f t -Tlur;1r.g Veb 1cl·~r; . " 
\"r ( c~•:ding6 Inntitute !?£. 'I'rnffic Enghc<: rn., 1•;6o . 

13. Me.r~oni, William "The Relative ~!'ici~ncy of Vnri o\.l n T~o of 
Traffic Signal Control." Traffic Eng1r.,.~r1 ng . April, l :JIJ3. 

14. Matson, Theodore M., fu1th, Wilbur S., anci Hurd, Frederick W. 
Tratf'1c .Engineering. New York: McGrav-HiU Book Co., I..nc., 
1<~55. -

27 



28 

15 • .Nntic-1ul Committee on Unifo.·m l're.f!'ic In;;:~ and Ordinances. Ur;'.
fo·.ill Vehicle Co-Je. Wanh.:.n~;ton D. C. : 1962. 

16. N•tional Sa~ety Council. Accidento Fact•. Chica~o, I1l1no1•: 
.National. S~L'ety Council, l;it~. 

17. Roc.k;;ell, ThC'>!IlaS H. and Treiterer, Joseph. "Sensing and Commun1-
t::a.tion BetveP.n Vehicles." National Cooperative Highvay 
Researt!h Program RP.port 51. Hignway Research oou.rd. 1')68. 

18. Zchvwlhausr.er, W.E. "A Turn to the Left." Traffic Er:einePring. 
Vol. 27, No. 7 (1951'). 

19. Texas High~y Departmer.t. 
Texas: 1969. 

20. United Sta~es Army. HW!llin Factors Eng!~~-~ Bl bl!0e;rnph:·.· 
Volumes 1 and 2. Aberdeen Proving Jrow-,c.l, Md. : Hum :.in 
Engineering Laboratories, 1966. 




	Front Cover
	Front Matter
	Document Control Data R&D
	Abstract
	Acknowledgement
	Contents
	Figures
	Tables


	Chapter I Introduction
	Chapter II Literature Survey
	Chapter III Method
	Chapter IV Results
	Chapter V Summary
	Appendixes
	Appendix 1
	Appendix 2

	References



