


F I N A L  REPORT 

PORTABLE SCHOOL STOP SIGNS AND OTHER 

NON- Ul4 I FORM SCHOOL STOP CONTROL DEVICES 



EXECUTIVE SUMMARY 

Por tab le  ( ro l l -ou t )  s t o p  s igns  a r e  used a t  school c ross ings  i n  over 

300 c i t i e s  i n  Iowa. Their  use conforms t o  t h e  Code of Iowa, al though i t  

is not  cons i s t en t  wi th  t h e  provis ions  of t h e  Manual on Uniform T r a f f i c  

Control Devices adopted f o r  nationwide app l i ca t ion .  A survey ind ica t ed  

t h a t  most u s e r s  i n  Iowa be l i eve  t h a t  po r t ab le  s t o p  s i g n s  provide ef fec-  

t i v e  p ro tec t ion  a t  school  c ross ings ,  and favor t h e i r  continued use. 

Other non-uniform s igns  t h a t  f o l d  o r  r o t a t e  t o  d i sp lay  a  STOP 

message only during c e r t a i n  hours a r e  used a t  school c ross ings  i n  over 

60 c i t i e s  i n  Iowa. Thei r  use does not  conform t o  e i t h e r  t h e  Code of 

Iowa o r  t h e  Manual on Uniform T r a f f i c  Control  Devices. Users of t hese  

devices  a l s o  tend t o  favor t h e i r  continued use. 

A survey of o t h e r  s t a t e s  ind ica t ed  t h a t  use of temporary devices  

s i m i l a r  t o  those used i n  Iowa is not  gene ra l ly  sanct ioned.  Some un- 

sanct ioned use apparent ly occurs  i n  s e v e r a l  s t a t e s ,  however. A 

d i f f e r e n t  type of po r t ab le  s t o p  s ign  f o r  school c ross ings  is author ized  

and widely used i n  one s t a t e .  Po r t ab le  s t o p  s igns  s i m i l a r  t o  those  

used i n  Iowa a r e  authorized i n  another  s t a t e ,  although t h e i r  use is 

q u i t e  l imi t ed .  



A Tew r e p o r t s  i n  L h c .  Li te ra tu re  revicwcd Tor t h i s  rcscarch d i s -  

cussed t h e  use of po r t ab le  s t o p  s igns .  The authors  of t h e s e  r e p o r t s  

uniformly recommended aga ins t  t h e  use of po r t ab le  o r  temporary t r a f f i c  

con t ro l  devices.  Various reasons f o r  t h i s  recommendation were given,  

although d a t a  t o  support  t h e  recommendation were not  offered.  

A s  p a r t  of t h i s  r e sea rch ,  f i e l d  surveys were conducted a t  54 loca- 

t i o n s  i n  33 communities where temporary s t o p  c o n t r o l  devices  were i n  

use a t  school  c ross ings .  Research personnel  observed t h e  obedience 

t o  s t o p  c o n t r o l  and measured t h e  vehicular  delay incurred .  Stopped 

delay averaged 1.69 secondsfenter ing  veh ic l e .  Only 36.6 percent  of t h e  

veh ic l e s  were observed t o  come t o  a  complete s t o p  a t  t h e  s tudy l o c a t i o n s  

con t ro l l ed  by temporary s t o p  c o n t r o l  devices.  However, t h i s  l e v e l  of 

obedience does not  d i f f e r  from t h a t  observed a t  i n t e r s e c t i o n s  con t ro l l ed  

by permanent s t o p  s igns .  

Accident experience was compiled f o r  76 i n t e r s e c t i o n s  i n  33 com- 

munit ies  i n  Iowa where temporary s t o p  s igns  were used and, f o r  compara- 

t i v e  purposes, a t  76 comparable i n t e r s e c t i o n s  having o the r  forms of 

con t ro l  o r  opera t ing  without s t o p  con t ro l .  There were no s i g n i f i c a n t  

d i f f e r e n c e s  i n  acc ident  experience between t h e  s tudy loca t ions  and t h e  

con t ro l  l o c a t i o n s ,  d e s p i t e  t h e  higher  pedes t r i an  exposure a t  t h e  des- 

ignated school  c ross ings  us ing  temporary s t o p  s igns .  

An economic a n a l y s i s  of veh ic l e  opera t ing  c o s t s ,  delay c o s t s ,  and 

o the r  c o s t s  indica ted  t h a t  temporary s t o p  c o n t r o l  generated c o s t s  only 

about 12 percent  a s  g r e a t  a s  permanent s t o p  con t ro l  f o r  a  s t r e e t  having 

a  school c ross ing .  Midblock pedest ian-actuated s i g n a l s  were shown t o  

be cos t  e f f e c t i v e  i n  comparison with temporary s t o p  s igns  under t h e  



condi t ions  of use assumed. Such s i g n a l s  could be used e f f e c t i v e l y  a t  

a  number o? loca t ions  where temporary s t o p  s igns  a r e  being used. 

The r e s u l t s  of t h i s  research  do not  provide a  b a s i s  f o r  recom- 

mending t h a t  use of po r t ab le  s t o p  s i g n s  be prohib i ted .  However, 

e r r a t i c  p a t t e r n s  of use of t hese  devices  and inadequate des igns  suggest 

t h a t  improved s tandards  f o r  t h e i r  use a r e  needed. Accordingly, n ine  

recommendations a r e  presented t o  enhance t h e  e f f i c i e n c y  of veh icu la r  

flow a t  school c ross ings ,  without  causing a  dec l ine  i n  t h e  l e v e l  of 

pedes t r i an  p r o t e c t i o n  being af forded .  These recommendations a r e  a s  

fol lows : 

1. After  a  school  c ross ing  manual is prepared,  t h e  Code of Iowa 

should be rev ised  t o  a f fo rd  l e g a l  s t a t u s  t o  t h i s  manual and 

t o  c o r r e c t  i ncons i s t enc ie s  r e l a t i v e  t o  t h e  use of temporary 

s top  con t ro l  devices  a t  school  c ross ings .  

2 .  The Iowa Department of Transpor ta t ion  should prepare and 

disseminate a  school  c ross ing  manual t o  a s s i s t  l o c a l  j u s i -  

d i c t i o n s  i n  planning and implementing programs of school  

c ross ing  p ro tec t ion .  

3. Ex i s t ing  l o c a t i o n s  a t  which temporary school  s t o p  c o n t r o l  a r e  

being used should be s tudied  with a  view toward e i t h e r  elimin- 

a t i n g  s t o p  c o n t r o l  o r  s u b s t i t u t i n g  a  f e a s i b l e  and e f f e c t i v e  

a l t e r n a t i v e  form of con t ro l .  

4 .  A s tandard  des ign  should be prepared f o r  a  roadside-type 

temporary school  s t o p  con t ro l  device.  

5 .  Po r t ab le  ( ro l l -ou t )  s t o p  s i g n s  should be loca ted  i n  advance 

of t h e  c ross ings  t o  be pro tec ted .  
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I .  INTRODUCTION 

Background f o r  t h e  Study 

Uniformity among t r a f f i c  con t ro l  devices  

is e s s e n t i a l  i f  d r i v e r s  a r e  t o  recognize 

a  device nea r ly  ins tan taneous ly  and re- 
I 

spond r a p i d l y  i n  t h e  f e s i r e d  manner t o  i ts  

message. Instantaneous recogni t ion  and 

rapid  response a r e  funct ions  of t h e  place- 

ment of a  device,  i n  add i t ion  t o  i ts  

manner of use and des ign ,  inc luding  c o l o r ,  

s i z e ,  p a t t e r n ,  and o t h e r  f ea tu res .  To achieve unif,orm usage, t h e  Manual 

on Uniform Control  Devices (MUTCD) has  been prepareh t o  a f fo rd  guidance 

i n  t h e  design and placement of t r a f f i c  c o n t r o l  devices .  Adherence t o  

t h e  MUTCD may be expectqd t o  enhance t h e  c a p a b i l i t y  of a  roadway t o  

ca r ry  t r a f f i c  exped i t ious ly  and s a f e l y .  

Problems a r i s e  when l o c a l  p r a c t i c e s  i n  t h e  use of t r a f f i c  con t ro l  

devices  c o n f l i c t  with t h e  MUTCD. Local persons may become f a m i l i a r  

with a  p a r t i c u l a r  usage. However, those  from o u t s i d e  t h e  community may 

f ind  a  p r a c t i c e  confusing o r  even con t rad ic to ry  when i t  i s  r e l a t e d  t o  

those wi th  which they a r e  f a m i l i a r .  This ,  i n  t u r n ,  g ives  r i s e  t o  t h e  

p o s s i b i l i t y  of e r r a t i c  behavior with a  concomitant adverse e f f e c t  on 

t r a f f i c  flow, and t o  t h e  p o t e n t i a l  f o r  acc iden t s .  

One such dev ia t ion  from s tandard  p r a c t i c e  occurs  commonly i n  Iowa, 

when va r ious  types of temporary s t o p  s i g n s  a r e  used t o  a f f o r d  protec-  

t i o n  during c e r t a i n  time per iods  a t  school  c ross ings .  The most common 



type is a portable (roll-out) stop s ign placed i n  the roadway. Less 

common, but a l so  frequent i n  Iowa, i s  the use of other non-uniform 

stop signs placed a t  the s ide  of the  roadway. Those signs present a 

STOP message only temporarily, using a f u l l  sign tha t  ro ta tes  or  a 

changeable message sign tha t  i s  hinged ve r t i ca l ly  o r  horizontally.  

Use of the l a t t e r  type of device does not have spec i f ic  l ega l  

authority i n  Iowa. However, the  use of portable signs i s  consistent 

with Section 321.249, Code of Iowa, which authorizes the  use of "mov- 

able stop signs" placed i n  s t r e e t s  and highways t o  delimit  school zones. 

Section 321.252, Code of Iowa, d i r ec t s  the Department o - 

portation t o  "adopt a manual and specif icat ions  for  a unifo 

of t raff ic-control  devices......for use upon highways within t h i s  

s ta te ."  Specifications "for a uniform system of t raff ic-control  devices 

i n  legal ly  established school zones" are  t o  be included i n  t h i s  manual. 

The MOTCD has been adopted f o r  use i n  Iowa i n  response t o  t h i s  legis la-  

t i v e  mandate. 
t 

Section 7B-6 of the MUTCD provides that  "Portable school signs 

s h a l l  not be placed within the roadway a t  any time." This o f f i c i a l  

posit ion was recently re i te ra ted  i n  the  following comment made a s  par t  

of a ruling by the Federal Highway Administrator i n  response t o  a re- 

quest fo r  changes i n  the MUTCD ( in  "Officiel Rulings on Requests for  

Interpreta t ions ,  Changes, and Experimentations," Vol. V, June 1974, 

Section 7B-6 of the MUTCD expressly prohibits  portable 
school signs from being placed withih the roadway a t  
any time. The reason for  t h i s  prohibition r e l a t e s  t o  
the inherent dangers of vehicles s t r ik ing  the device or  
i ts  support and being thrown out of control  and of 
vehicles s t r ik ing  pedestrians who must place the device 
i n  the roadway and then remove i t  a f t e r  school hours. 



Hence, the provisions of the Code of Iowa and the s t a t e ' s  manual on 

t r a f f i c  control  devices seem clear ly  t o  be inconsistent with each other.  

Because of the c lear  confl ic t  with the MUTCD, the Federal Highway Admin- 

i s t r a t i o n  is not able t o  approve recommendations for  portable stop signs 

that  a r e  formulated through s tudies  conducted under the Federal-Aid 

Highway Safety Program. This occurs despite the perceived advantages 

of the portable signs and t h e i r  previous use i n  the study communities. 

Hence, the value of these safety-oriented s tudies  is diminished. 

Project  Overview 

Objectives 

The objectives of t h i s  research were t o  determine the advantages 

and disadvantages of use of portable school stop signs and other non- 

uniform school stop control devices; t o  es tabl ish whether t h e i r  advan- 

tages outweigh the i r  disadvantages when compared with a l te rna t ive  forms 

of control;  and to  recommend the most appropriate controls fo r  school 

crossings having d i f f e r en t  charac te r i s t ics .  

Research Plan 

The conduct of t h i s  research involved the accomplishment of t he  

following research tasks: 

Task 1. Review of l i t e r a t u r e  and previously accomplished research. 

Task 2 .  Survey of current practices.  

Task 3 .  Field surveys. 

Task 4. Analysis of f i e l d  survey data. 

Task 5. Formulation of recommendations. 

Task 6. Reports. 



Tasks 1 through 5 are described and the results are summarized in 

Chapters 11 through VI of this report. Quarterly reports were submitted 

during the course of the research to describe progress and provide an 

interim reporting of research results. 



i n  tu rn ,  lead  t o  s i m i l a r  v i o l a t i o n s  a t  o t h e r  loca t ions  and may contr ib-  

u t e  t o  a  genera l  i nc rease  i n  acc iden t s  (4) .  He a l s o  cons iders  the  

f a l s e  sense  of s e c u r i t y  afforded t o  c h i l d  pedes t r i ans ,  which r e s u l t s  

i n  acc idents  when c o n f l i c t s  occur with moto r i s t s  who have learned t o  

v i o l a t e  t h e  regula t ion .  

An e a r l i e r  study by White a l s o  addressed the  mat ter  of po r t ab le  

s top  s i g n s  (5).  A conclusion r e s u l t i n g  from t h i s  s tudy is a s  fol lows:  

$ 1  From a motor is t  s tandpoint  it was found t h a t  p o s i t i v e  
s t o p s  were not  popular. This  can b e t t e r  be appreci- 
a t ed  when we recognize t h a t  t h e  motor is t  was requi red  
t o  make unnecessary s tops  a t  per iods  of t h e  day when 
school  ch i ld ren  were not  i n  the  process of going t o  
o r  from school. The use  of t h e  s i g n s  was i n  many 
cases  very poorly supervised.  Frequently they were 
r o l l e d  i n t o  t h e  s t r e e t  f o r  ex tens ive  periods p r i o r  t o  
t h e  opening and c los ing  of schools  and during t h e  en- 
t i r e  noon hour period.  A w e l l  recognized form of 
t r a f f i c  r egu la t ion  has been found t o  be  one t h a t  is 
popular wi th  t h e  moto r i s t s .  Out-of-town moto r i s t s  
were being apprehended, paying t h e i r  f i n e s  and com- 
p la in ing  about t h e  l a c k  of uniform regula t ions .  The 
school ch i ld ren  were beginning t o  bu i ld  up an a i r  of 
d e f i a n t  confidence i n  t h e  school s top  s igns .  I n  many 
cases i t  was common t o  observe the  school chi ldren  
walking i n t o  t h e  s t r e e t  unmindful of t h e  poss ib le  d i s -  
obedience of the  school  s ign  on t h e  p a r t  of the  
motor is t s  ." 

It is c l e a r  from these  opinions and the  ac t ions  of the  National  Advisory 

Committee on Uniform T r a f f i c  Control  Devices i n  recommending aga ins t  

t h e i r  use t h a t  t h e  genera l  opinion among t r a f f i c  a u t h o r i t i e s  i s  one 

of s t rong opposi t ion t o  t h e  use  of temporary s t o p  c o n t r o l  devices  at 

school crossings.  



T r a f f i c  Control Devices f o r  U s e  i n  School Areas 

Among t h e  p r o t e c t i v e  devices  s p e c i f i e d  i n  t h e  MUTCD f o r  use  at 

school  c ross ings  a r e  warning s i g n s  (school  advance and school  c ross ing  

s i g n s ) ,  school  speed l i m i t  s i g n s ,  crosswalk markings, and school  a r e a  

t r a f f i c  s i g n a l s .  Recommended p r a c t i c e s  f o r  t h e  use of these  devices  

have been formulated by t h e  I n s t i t u t e  of T r a f f i c  Engineers (6) .  Each 

of t h e s e  devices  has been t h e  s u b j e c t  of d e t a i l e d  study. 

Seve ra l  s t u d i e s  have been concerned pr imar i ly  wi th  t h e  e f f e c t s  of 

va r ious  speed c o n t r o l  devices  upon d r i v e r  behavior while  t r a v e r s i n g  a  

school  zone (7,  8, 9 ,  10) .  These gene ra l ly  show t h a t  comparatively 

l i t t l e  speed reduct ion  may be a t t r i b u t e d  t o  the  presence of warning 

s i g n s  o r  speed l i m i t  s igns .  F lash ing  beacons enhance t h e  e f f e c t  of a  

warning o r  regula tory  s i g n  and tend t o  induce some reduct ion i n  speeds 

under c e r t a i n  circumstances. According t o  one s tudy,  d r i v e r s  tended 

t o  slow down o r  s t o p  more f r equen t ly  when one of t h e  fol lowing condi- 

t i o n s  e x i s t e d  (7) : 

1. The approach speed of t h e  v e h i c l e  was low. 

2 .  The cross ing  took p lace  i n  a  marked crosswalk. 

3 .  There was a  r e l a t i v e l y  long d i s t a n c e  between t h e  v e h i c l e  and 

t h e  p e d e s t r i a n ' s  po in t  of e n t r y  i n t o  t h e  road. 

4. A group of pedes t r i ans ,  r a t h e r  than  an ind iv idua l ,  attempted 

t o  c ross .  

5. The pedes t r i an  d i d  not  look a t  t h e  approaching veh ic l e .  

The e f f e c t s  of marked crosswalks on pedes t r i an  s a f e t y  a s  repor ted  

i n  t h e  l i t e r a t u r e  do not  i n d i c a t e  p a r t i c u l a r  s a f e t y  b e n e f i t s  from t h e i r  



use. Reiss found t h a t  n e i t h e r  d r i v e r s  nor s tuden t s  r a t e d  crosswalks 

p a r t i c u l a r l y  high as a measure t o  inc rease  s a f e t y  (9) .  Hems repor ted  

r e s u l t s  of a s tudy t h a t  ind ica ted  t h a t  t h e  frequency of pedestr ian-  

veh ic l e  acc iden t s  was approximately s i x  times a s  high i n  marked cross-  

walks a s  i n  unmarked cross ings  (11).  The pedes t r i an  acc ident  r a t e  was 

marked crosswalks, however, a f t e r  co r rec t ing  f o r  

a 1  vehicle-pedestr ian c o n f l i c t s .  Lawton a l s o  

concluded t h a t  marked crosswalks "serve a l imi t ed  funct ion" (12).  

However, experience from t h r e e  o the r  coun t r i e s  (Denmark, I s r a e l ,  

and t h e  United Kingdom), a s  repor ted  by Katz e t  a l . ,  demonstrated t h a t  

marked crosswalks were s a f e r  than unmarked cross ings  (7 ) .  A s tudy of 

two l o c a t i o n s  i n  I s r a e l  a l s o  indica ted  t h a t  veh ic l e s  reduced speed more 

when cross ing  a marked crosswalk i n  the  presence of pedes t r ians  than 

when cross ing  an otherwise similar unmarked loca t ion .  

School a r e a  t r a f f i c  s i g n a l s  have been the  sub jec t  of a number of 

inves t iga t ions .  According t o  R e i s s ,  s tuden t s  gene ra l ly  perceive s ig -  

na l i zed  loca t ions  a s  s a f e  p laces  t o  c ross  (9) .  The r epor t  from t h a t  

s tudy a l s o  pointed out  t h a t  problems may a r i s e  due t o  the  l ack  of under- 

s tanding by ch i ld ren  of t h e  meaning of va r ious  s i g n a l  indica t ions .  

The p r o b a b i l i t y  t h a t  a school c h i l d  w i l l  a c t u a t e  a pedes t r i an  push 

button before c ross ing  is a funct ion  of age,  but usage was found i n  a 

study by Mi l l e r  and Michael t o  be l e s s  than 50 percent  when school 

c ross ing  guards were not present  (8) .  V i r t u a l l y  a l l  ch i ldren  crossed 

with the  proper s i g n a l  d i sp lay  when a cross ing  guard ac tua ted  the  s i g n a l .  

A study by Husk found t h a t  use of pedes t r i an  push but tons  was s i g n i f i -  

cant only by elementary school  s tuden t s ,  and concluded t h a t  the  use of 



s igna l i zed  school  c ross ings  f o r  j un io r  high and high school  s tuden t s  

was not  warranted (13) .  

Relevant T r a f f i c  Parameters 

This  s tudy was concerned wi th  t h e  eva lua t ion  of temporary s t o p  

con t ro l  devices  used a t  school  c ross ings .  Three widely used parameters 

f o r  eva lua t ing  t h e  e f f i c i e n c y  of any technique f o r  t r a f f i c  c o n t r o l  a r e  

(1) t h e  ex ten t  t o  which a  p a r t i c u l a r  con t ro l  may c o n t r i b u t e  t o  t h e  

occurrence of acc iden t s ;  (2) t h e  obedience t o  t h e  c o n t r o l  by d r i v e r s ;  

and (3) t h e  de lay  occasioned by obedience t o  t h e  con t ro l .  Each of t hese  

parameters has  been inves t iga t ed  previous ly  by a  number of researchers .  

Some of t h e  o t h e r  s t u d i e s  most c lose ly  r e l a t e d  t o  t h i s  research  a r e  

b r i e f l y  described below. 

The pedes t r i an  acc ident  problem has  been t h e  s u b j e c t  of numerous 

research  e f f o r t s  (14, 15 ,  16 ,  17 ,  9 ) .  The gene ra l  conclusion from these  

s t u d i e s  i s  t h a t  r e l a t i v e l y  few pedes t r i an  acc iden t s  involve ch i ld ren  

making a t r i p  t o  school .  Most ch i ld  pedes t r i an  acc iden t s  occur i n  

r e s i d e n t i a l  a r e a s  a t  non- in tersec t ion  loca t ions .  The age group from 

5 t o  14 i s  over-represented i n  t h e  frequency of occurrence of pedes t r i an  

t r a f f i c  dea ths  and i n j u r i e s .  

Obedience t o  a s t o p  s i g n  has been s tud ied  by s e v e r a l  r e sea rche r s  i n  

many d i f f e r e n t  l o c a t i o n s  (18, 19, 20, 21, 22, 23).  The propor t ion  of 

veh ic l e s  s topping a t  s t o p  s i g n s  a s  repor ted  from t h e s e  s t u d i e s  va r i ed  

widely, from va lues  a s  low a s  3 percent  t o  more t y p i c a l  va lues  of 25 t o  

40 percent .  Only in f r equen t ly  were more than  60 percent  of t h e  veh ic l e s  



observed t o  come t o  a complete stop a t  a stop sign,  according t o  these 

reports.  

Delay a t  an intersect ion approach var ies  qui te  widely depending 

upon loca l  conditions. This parameter is largely a function of the  

volume on the intersect ing s t r e e t  and the c r i t i c a l  l ag  acceptable by 

dr ivers  stopped a t  the approach, according t o  Raff (24) .  A study by 

Vodrazka e t  a l .  developed an expression for  t o t a l  vehicular delay a t  

four-way stop intersect ions  tha t  yie lds  an average delay of about 7 .4  

seconds per vehicle for  the volumes typ ica l  of intersect ions  i n  Iowa 

tha t  u t i l i z e  temporary stop control  (25) .  Research by Volk developed 

expressions fo r  delay for various types of intersect ion control  (26). 

Although the intersect ions  included i n  Volk's study generally had sub- 

s t a n t i a l l y  higher volume than is typical  of those i n  Iowa controlled 

by temporary stop control  devices, the following r e su l t s  a r e  representa- 

t i ve  of the average delay per vehicle found a t  urban and suburban 

intersect ions:  

0 Two-way stop control ,  minor highway: 10 seconds/vehicle. 

o Four-way stop control ,  both highways: 1 2  seconds/vehicle. 

Traf f ic  actuated s ignal ,  both highways: 8 seconds/vehicle. 

0 Fixed-time s ignal ,  both highways: 10 seconds/vehicle. 



11. LITERATURE REVIEW 

Non-Uniform Temporary Stop Control Devices 

A few research  p r o j e c t s  t h a t  r e l a t e  t o  t h e  

use of temporary school  s t o p  con t ro l  devices 

have been repor ted  i n  t h e  l i t e r a t u r e .  A t  

l e a s t  two committees of t h e  I n s t i t u t e  of 

T r a f f i c  Engineers (now t h e  I n s t i t u t e  of 

Transpor ta t ion  Engineers) surveyed use r s  

of t r a f f i c  c o n t r o l  devices  and found s ig -  

n i f i c a n t  use  of po r t ab le  o r  temporary school  

s t o p  s igns .  A s tudy repor ted  i n  1965 found t h a t  19 c i t i e s  ( a l l  wi th  over 

50,000 populat ion)  of 119 r epor t ing  used p o r t a b l e  s t o p  s i g n s  (1) .  A 

s i m i l a r  s tudy repor ted  i n  1967 t h a t  f i v e  c i t i e s  and one urban county of 

48 j u r i s d i c t i o n s  surveyed used "swivel" o r  " f l i p "  s t o p  s i g n s  f o r  tem- 

porary s t o p  c o n t r o l  ( 2 ) .  

Other w r i t e r s  have expressed opinions concerning por t ab le  s t o p  s i g n s  

based on t h e i r  exper iences ,  and have s t a t e d  reasons f o r  recommending 

aga ins t  t h e i r  use.  S i e l s k i  s t a t e s  h i s  p o s i t i o n  a s  fo l lows ( 3 ) :  

1 ,  The e f f e c t i v e n e s s  of any por t ab le  s t o p  s i g n  a s  
pedes t r i an  p r o t e c t i o n  i s  very  debatable ,  and t h e  
r e l i a n c e  on t r a f f i c  observance of i n t e r m i t t e n t  
s top  c o n t r o l  has  proved conclusively t h a t  it pro- 
v ides  i n s u f f i c i e n t  p ro tec t ion  f o r  school  chi ldren."  

He concludes wi th  a  recommendation t h a t  " the  use  of non-standard s igns  

be abandoned. " 

Marks, i n  reaching a  s i m i l a r  conclusion,  p o i n t s  out  t h a t  t h e  use of 

non-standard devices  tends  t o  r e s u l t  i n  v i o l a t i o n s  of a  r egu la t ion  t h a t ,  
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111. MAILED QUESTIONNAIRES 

In order to determine the extent of current 

usage of temporary, non-uniform stop con- 

trol devices at school crossings in Iowa, 

questionnaires were sent to each of the 

955 cities in the state. Questionnaires 

were also sent to each county sheriff. 

Every other state was also contacted to 

determine whether temporary non-uniform 

stop control devices are used in states 

other than Iowa. All of the survey instruments are displayed in Appen- 

dix A. 

Description of Questionnaires 

Cities in Iowa 

An initial questionnaire was sent to each incorporated city in 

Iowa. This questionnaire was directed to the city official considered 

most likely to be in a position to respond. In several cases, however, 

the questionnaire was returned from a school official rather than a 

municipal officer. 

The purpose of this initial questionnaire was to determine whether 

either portable (roll-out) stop signs or other non-uniform stop control 

devices were in use or had been used in the respondent's community. The 

respondent was also asked to designate the appropriate individual to 

receive a follow-up questionnaire if an affirmative response regarding 

use of these devices was given. 



, 
I 

Four d i f f e r e n t  follow-up ques t ionna i r e s  were developed. These were 
i 

mailed t o  those  c i t i e s  i n d i c a t i n g  cu r ren t  o r  p a s t  use  of temporary s t o p  

con t ro l  devices .  These va r i ed  a s  fo l lows,  depending upon t h e  response 

received:  

C 1  f o r  c i t i e s  i n d i c a t i n g  cu r ren t  use of po r t ab le  ( ro l l -o  

s igns  a t  school  c ross ings .  

C2 f o r  c i t i e s  not  c u r r e n t l y  us ing  po r t ab le  ( ro l l -out )  s 

but  i n d i c a t i n g  t h a t  t hese  had been used i n  t h e  pas t .  

0 C3 f o r  c i t i e s  i n d i c a t i n g  cu r ren t  use of o t h e r  non-uniform s t o p  

c o n t r o l  devices  a t  school  c ross ings .  

o C4 f o r  c i t i e s  n o t  c u r r e n t l y  us ing  o t h e r  non-uniform types of s t o p  

con t ro l  dev ices ,  but  i n d i c a t i n g  t h a t  t h e s e  had been used i n  t h e  

p a s t .  

Some c i t i e s  repor ted  cu r ren t  use of one type of device  and pas t  use  of 

another ,  o r  e i t h e r  c u r r e n t  or  p a s t  use  of bo th  types ;  they t h e r e f o r e  

received two follow-up ques t ionna i r e s .  

County S h e r i f f s  

There were two purposes f o r  sending ques t ionna i r e s  t o  county 

s h e r i f f s  i n  Iowa. F i r s t ,  they  were asked t o  i n d i c a t e  those  c i t i e s  i n  

t h e i r  county us ing  temporary s t o p  c o n t r o l  devices ,  and second, they were 

asked whether such devices  were i n  use i n  r u r a l  a r e a s  i n  t h e  count ies .  

I f  a s h e r i f f ' s  response ind ica t ed  use of e i t h e r  po r t ab le  ( ro l l -out )  

s t o p  s i g n s  o r  o t h e r  non-uniform s t o p  c o n t r o l  devices  wi th in  a c i t y ,  and 

if no response t o  an i n i t i a l  ques t ionnai re  had been received from t h a t  

c i t y ,  the  c i t y  rece ived  t h e  appropr i a t e  follow-up ques t ionnai re  C 1  o r  

C 3 .  



Other S t a t e s  

The ques t ionnai re  s e n t  t o  o the r  s t a t e s  was very b r i e f .  It was 

d i r ec ted  t o  t h e  person i n  charge of t h e  t r a f f i c  engineering funct ion 

i n  t h e  s t a t e  highway o r  t r anspor t a t ion  department. It merely asked 

whether non-uniform types of s top  c o n t r o l  devices were being used i n  

t h e i r  states and i n v i t e d  comments. A l e t t e r  o r  supplemental question- 

n a i r e  was then ind iv idua l ly  s t ruc tu red  a s  a  follow-up t o  each s t a t e  

responding a f f i rma t ive ly .  

Quest ionnaire Responses 

C i t i e s  i n  Iowa 

Of 955 c i t i e s  i n  Iowa, 681 (71.3 percent)  of t h e  i n i t i a l  question- 

n a i r e s  were re turned.  The following is a summary of t h e  numbers of 

responses: 

e Currently us ing  por t ab le  s igns  only. 204 

o Currently us ing  both por t ab le  s i g n s  and o t h e r  

non-uniform s t o p  c o n t r o l  devices. 28  

e Current ly us ing  por t ab le  s i g n s ;  had used o t h e r  

non-uniform s t o p  c o n t r o l  devices.  3  

e Currently us ing  o ther  non-uniform s t o p  c o n t r o l  

devices only. 

e Current ly us ing  o the r  non-uniform s t o p  c o n t r o l  

devices ;  had used por t ab le  s igns .  

e Discontinued use of po r t ab le  s igns .  

e Discontinued use  of o the r  non-uniform s t o p  

c o n t r o l  devices.  



Discontinued use of both types  of devices .  8 

Blank o r  unusable r e tu rn .  3  

Use n e i t h e r  type  of device and no p a s t  usage. 365 

0 Not re turned .  274 

T o t a l  955 

Many of t h e  c i t i e s  r e p o r t i n g  no use  o r  having discontinued use ind ica t ed  

t h a t  no school  was loca ted  i n  those  communities. 

I n  a d d i t i o n  t o  t h e  c i t i e s  responding a f f i r m a t i v e l y  t o  t h e  f i r s t  

ques t ionna i r e ,  o t h e r  c i t i e s  were descr ibed  by s h e r i f f s  a s  us ing  e i t h e r  

po r t ab le  s t o p  s i g n s  o r  o t h e r  non-uniform s t o p  c o n t r o l  devices  a t  school 

c ross ings .  Using information rece ived  from both sources ,  follow-up 

ques t ionna i r e s  were s e n t  a s  fol lows:  

o C l  - 312 sen t  ( inc lud ing  34 t h a t  a l s o  received another  quest ion-  

n a i r e ) ,  239 r e tu rned  (76.6 pe rcen t ) .  

C2 - 70 s e n t  ( inc luding  21  t h a t  a l s o  received another  quest ion-  

n a i r e ) ,  53 re turned  (75.7 percent ) .  

0 C3 - 57 sen t  ( inc luding  43 t h a t  a l s o  received another  quest ion-  

n a i r e ) ,  37 re turned  (64.9 percent ) .  

C4 - 15 s e n t  ( inc luding  12 t h a t  a l s o  rece ived  another  quest ion-  

n a i r e ) ,  10 re turned  (66.7 percent ) .  

The t o t a l  re turned  w a s  339 (74.7 percent )  of 454 follow-up ques t ionna i r e s  

s e n t .  Responses t o  t h e s e  ques t ionna i r e s  a r e  summaried i n  Appendix B. 

Combining responses from Quest ionnaires  C l  and C3, t h e  frequency 

and dura t ion  of usage of temporary school  s t o p  con t ro l  devices  i s  shown 

i n  Table 1. The average number of t imes e f f e c t u a t e d  was 2.23/day. 



Table 1. Frequency and duration of use of temporary school stop control 
devices 

Number of Number of Average 
uses/day cities duration, hr 

Not reported, indeterminate - 28 

Total or average 276 

County Sheriffs 

Responses were received from 87 (87.9 percent) of the 99 county 

sheriffs in Iowa. These responses indicated use of some type of tempor- 

ary school stop control device in rural areas in three counties. 

When responses to this questionnaire were used to supplement 

responses from the initial questionnaire directed to cities in Iowa, 

information on total usage of temporary stop control devices was avail- 

able for 914 cities. These data are summaried in Table 2. 

Table 2. Reported use of temporary school stop control devices 

Number of Percent of 
Usage cities total reporting 

Use portable (roll-out) signs 3 15 

Portable only 281 30.7 

Portable and other types 34 3.7 



Table 2. (Continued) 

Usage 
Number of Percent  of 

c i t i e s  t o t a l  r e p o r t i n g  

Use o t h e r  types of s i g n s  64 

Other types  only  30 3.3 

Por t ab le  and o t h e r  types  (34) ( i n c l .  above) (3.7) 

No use of temporary s t o p  s i g n s  569 62.3 

Not repor ted  41 - -- 
T o t a l  955 100.0 

Other S t a t e s  

Responses were rece ived  from 48 (98.0 percent)  of 49 s t a t e s  o t h e r  

than Iowa. Fur the r  communication was e f f e c t e d  wi th  s ix  s t a t e s  a s  a  

follow-up t o  t h e s e  responses.  

Only two o t h e r  s t a t e s  repor ted  l e g a l  a u t h o r i t y  f o r  t h e  use of port-  

a b l e  s t o p  s i g n s  of t h e  gene ra l  type used i n  Iowa. Thei r  use is permit ted 

under Wisconsin s t a t u t e s  and s i m i l a r  s i g n s  a r e  used i n  a  very few c i t i e s .  

The s i g n s  used i n  Arizona i n  accordance wi th  t h a t  s t a t e ' s  l e g a l  author- 

i t y  f o r  po r t ab le  s t o p  s i g n s  a r e  s u b s t a n t i a l l y  d i f f e r e n t ,  however. These 

po r t ab le  s i g n s  a r e  placed i n  t h e  roadway and have a  b lack  legend on a  

white  background. They bear  t h e  message STOP WHEN CHILDREN I N  CROSSWALK. 

Normal usage is i n  combination with another  po r t ab le  s i g n  t h a t  p r o h i b i t s  

passing and s e t s  f o r t h  a  15-mph speed l i m i t  i n  a  school  zone. These 

po r t ab le  s igns  r epor t ed ly  a r e  used ex tens ive ly  throughout t h e  s t a t e .  

Eight o t h e r  s t a t e s  repor ted  some l o c a l  unauthorized use of p o r t a b l e  

s t o p  s i g n s  i n  school  zones. Most of these  s t a t e s  ind ica t ed  t h a t  such 



use was not  l e g a l .  One s t a t e  o f f i c i a l  commented t h a t  h i s  s t a t e  d id  not  

want a  v a r i a b l e  s t o p  condi t ion  on highways because i t  was bel ieved t h a t  

such a  condi t ion  would lead  t o  an inc rease  i n  acc iden t s  and t h a t  such a  

s i g n ,  i f  s t r u c k ,  would endanger school ch i ld ren  by becoming a  f l y i n g  

p r o j e c t i l e .  Another s t a t e  repor tedly  had used ro l l -out  speed l i m i t  s i g n s  

i n  school zones, bu t  discontinued t h e i r  use  when a  pedes t r ian  was s t r u c k  

and hur t  while  p u t t i n g  a  s i g n  i n  place. 



I V .  FIELD SURVEYS 

F ie ld  surveys were undertaken i n  order  t o  

determine t h e  condi t ions  accompanying use 

of temporary s t o p  c o n t r o l  devices  i n  Iowa. 

Research personnel  observed t h e  flow of 

veh icu la r  and pedes t r i an  t r a f f i c  a t  a 

r e p r e s e n t a t i v e  sample of school  c ross ings  

where e i t h e r  po r t ab le  ( ro l l -out )  s t o p  s i g n s  

o r  o t h e r  non-uniform school  s t o p  c o n t r o l  

devices  were being used. These observa- 

t i o n s  took p lace  during t h e  per iods  of use t h a t  could be  expected t o  

co inc ide  wi th  peak per iods  of school  t r i p  t r a v e l .  

Data regarding v e h i c l e  speeds were obtained a t  some of t h e  same 

l o c a t i o n s  during per iods  when t h e  temporary s t o p  was not  i n  e f f e c t  i n  

order  t o  determine free-flow speeds a t  t hese  c ross ings .  Addi t ional  

l o c a t i o n s  were s e l e c t e d  a t  which acc ident  d a t a  could be obta ined ,  i n  

order  t o  expand t h e  sample s i z e  r e l a t i n g  t o  acc ident  experience a t  

c ross ings  us ing  temporary school  s t o p  c o n t r o l  devices.  

Se lec t ion  of Sample 

A r e p r e s e n t a t i v e  sample of l o c a t i o n s  f o r  f i e l d  surveys was s e l e c t e d  

f o r  both po r t ab le  ( ro l l -out )  s t o p  s i g n s  and o t h e r  non-uniform school  

s t o p  c o n t r o l  devices .  S p e c i f i c  l o c a t i o n s  were s e l e c t e d  f o r  bo th  types  

of devices  t o  s a t i s f y  two c r i t e r i a .  F i r s t ,  t h e  number of l o c a t i o n s  

surveyed was t o  be p ropor t iona l  t o  t h e  t o t a l  usage of t h a t  device  by 



populat ion of c i t y .  For t h i s  purpose, t h e  responses t o  t h e  mailed 

ques t ionnai res  were used t o  determine usage. S i x  c i ty - s i ze  ca tegor i e s  

were e s t ab l i shed  with populat ions a s  follows: 

1. Not more than 999. 

2. A t  l e a s t  1,000 bu t  not  more than 2,499. 

3. A t  l e a s t  2,500 bu t  not  more than 4,999. 

4. A t  l e a s t  5,000 but  no t  more than 9,999. 

5. A t  l e a s t  10,000 but  not  more than 49,999. 

6. A t  l e a s t  50,000. 

Second, t h e  l o c a t i o n s  were t o  be d ispersed  geographical ly.  Geographical 

d i spe r s ion  was assured  by requi r ing  t h a t  a t  l e a s t  e i g h t  loca t ions  i n  a t  

l e a s t  f i v e  c i t i e s  be s e l e c t e d  from each of t h e  s i x  Iowa Department of 

Transpor ta t ion  d i s t r i c t s .  

Each loca t ion  w a s  v i s i t e d  p r i o r  t o  f i e l d  survey work t o  assure  i ts  

s u i t a b i l i t y  f o r  s tudy.  I n  a l l ,  235 l o c a t i o n s  where temporary school 

s top  devices  were i n  use were inves t iga ted ,  and reconnaissance v i s i t s  

were made t o  56 c i t i e s  t o  s e l e c t  a sample f o r  f i e l d  surveys. 

F ie ld  surveys were conducted a t  54 loca t ions ,  28 of which were 

cross ings  using por t ab le  ( ro l l -ou t )  s t o p  s i g n s ,  and 26 of which used 

o the r  non-uniform school  s t o p  con t ro l  devices. These were loca ted  i n  

33 communities. A l l  of t h e  f i e l d  survey loca t ions  a r e  i d e n t i f i e d  i n  

Appendix C. 

Of the  54 surveys,  25 were conducted i n  t h e  morning period during 

which ch i ld ren  were t r a v e l i n g  t o  school ,  28 covered an af ternoon period 

of t r a v e l  from school  t o  home, and 1 was conducted during a midday period 

when both types of t r a v e l  occurred. The period of observat ion was 



planned t o  co inc ide  wi th  t h e  period during which t h e  temporary s t o p  

con t ro l  was i n  e f f e c t .  However, because of i r r e g u l a r i t i e s  i n  t h e  t imes 

t h a t  t h e s e  devices  were put  i n t o  use ,  t h i s  d i d  not  always prove t o  be 

t h e  case.  Some por t ab le  s i g n s  were l e f t  i n  p lace  overnight  o r  in-  

s t a l l e d  e a r l y ,  s o  t h a t  observers  were not  always a t  t h e  loca t ion  a t  

t h e  time t h e  device  was put  i n  p lace  o r  e f f ec tua ted .  Observation con- 

t inued  u n t i l  t h e  device was removed o r  rendered i n e f f e c t u a l ,  un le s s  i t  

were l e f t  i n  p lace  continuously f o r  a  prolonged period.  I n  t h e  l a t t e r  

case,  observa t ion  was terminated when i t  became evident  t h a t  pedes t r i an  

flow had ended f o r  t h a t  period of use. The average period of observa- 

t i o n  was 38 minutes,  ranging from 4 minutes t o  145 minutes.  

An e f f o r t  was made i n i t i a l l y  t o  use video t ape  equipment f o r  f i e l d  

surveys. Data were ga thered  by t h i s  means a t  two loca t ions .  However, 

a  s u i t a b l e  vantage po in t  f o r  mounting t h e  camera was gene ra l ly  not  

ava i l ab le .  Consequently, t h e  remaining l o c a t i o n s  were surveyed by 

manual methods. Observers us ing  s t o p  watches and counting boards were 

loca ted  a s  inconspicuously a s  poss ib l e  t o  c o l l e c t  d a t a  regarding v e h i c l e  

obedience and de lays ,  and t o  count veh icu la r  and pedes t r i an  volumes. 

Data obtained i n  t h e  f i e l d  were s t o r e d  temporari ly on voice  recorders .  

General observa t ions  concerning a  l o c a t i o n  were a l s o  recorded us ing  t h e  

form displayed i n  Appendix D. 

Obedience t o  Stop Cont ro l  

Observers a t  each f i e l d  survey l o c a t i o n  noted those  moto r i s t s  who 

observed t h e  l e g a l  requirements of a  s t o p  s i g n  by br inging  t h e i r  v e h i c l e s  

t o  a  complete s top .  A complete s t o p  is a t t a i n e d  when v e h i c l e  wheels 



cease to rotate, at least instantaneously. Vehicles that did not stop 

were noted in one of two other categories, those that "rolled through" 

and those that "did not slow." A vehicle was categorized as "rolled 

through" if it slowed perceptibly but did not achieve a complete stop. 

not perceptibly reduce speed was categorized as 

ercentage of vehicles in each category at each 

survey location dicated in Table 3. 

Table 3. Observed obedience to temporary school stop control 

Percent of vehicles 
Location 
number Stopped Rolled through Did not slow 



Table 3 .  (Continued) 

Percent  of v e h i c l e s  
Locat ion 

number Stopped Rolled through Did no t  slow 
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Table 3.  (Continued) 

Percent of vehicles 
Location 
number Stopped Rolled through Did not slow 

32-3 32 .6  

33-1 92.5 

33-2 9 2 . 3  - 
Average 45.4 

Weighted average 36.6  



The percentages shown i n  Table 3 a r e  based on t h e  observat ion of 

behavior of 5,687 veh ic l e s .  Not included is t h e  obedience of 261 ve- 

h i c l e s  t h a t  could not  be  categorized.  These v e h i c l e s  a r r ived  during 

s h o r t  per iods  of extremely high r a t e s  of flow when t h e  observers  were -- 
unable t o  s e e  v e h i c l e s  a t  t h e  end of a queue o r  more veh ic l e s  a r r i v e d  

than could be processed by manual counting methods. Of t h e  veh ic l e s  

omit ted,  92 (35.2 percent )  occurred a t  Locat ion 23-1, a midblock 

cross ing  where t h e  per iod  of use of t h e  temporary s t o p  con t ro l  device 

coincided with t h e  time of discharge of employees from a nearby f ac to ry .  

Vehicle Delay 

Vehicle delay was measured only f o r  those  veh ic l e s ,  36.6 pe rcen t ,  

t h a t  stopped. Delay was measured from t h e  time t h a t  a veh ic l e ' s  

wheels ceased t o  r o t a t e  u n t i l  forward motion was resumed. Measure- 

ments of t h i s  parameter a r e  summarized i n  Table 4. 

Spot Speeds 

Vehicle speeds were surveyed a t  18  l o c a t i o n s  during periods when 

t h e  temporary s t o p  c o n t r o l  was not  i n  e f f e c t .  A l l  of t hese  were i n t e r -  

s ec t ion  l o c a t i o n s  where po r t ab le  ( ro l l -ou t )  s t o p  s i g n s  were i n  pa r t -  

time use. A r ada r  speed meter was used f o r  t h i s  purpose. The o b j e c t i v e  

of t h i s  survey was t o  determine t y p i c a l  t r a v e l  speeds a t  t h e  s tudy 

loca t ions  f o r  subsequent use i n  e s t ima t ing  c o s t s  of veh ic l e  de lays .  

Spot speed d a t a  a r e  genera l ly  be l ieved  t o  be f r e e  of s i g n i f i c a n t  

b i a s  due t o  t h e  presence of t h e  observer .  Research personnel  monitored 
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Table 4. Stopped de lay  observed a t  temporary school  s t o p s  

Number of v e h i c l e s  T o t a l  Average de lay lveh ic l e ,  s e c  
Location de lay ,  

number T o t a l  Stopped s e c  T o t a l  Stopped 



Table 4 .  (Continued) 

Number of veh ic l e s  T o t a l  Average de lay /veh ic l e ,  s ec  
Location de lay ,  

number T o t a l  Stopped s e c  To ta l  Stopped 



Table 4. (Continued) 

Number of v e h i c l e s  T o t a l  Average de lay lveh ic l e ,  s e c  
Location de lay ,  

number To ta l  Stopped s e c  T o t a l  Stopped 

29-3 45 

29-4 18 

30-1 8 1  

31-1 29 

31-2 18 

32-1 39 

32-2 9  

32-3 4  3  

33-1 67 

33-2 13  

To ta l  5687 

Average 

Weighted average 

(1) To ta l  inc ludes  only veh ic l e s  f o r  which obedience was observed. 

c i t i z e n s '  band r a d i o  channels i n  order  t o  determine whether t h e i r  presence 

had been de tec t ed  and was being broadcast  i n  t h i s  manner. The f i r s t  two 

speed surveys were conducted from a  state-owned veh ic l e .  Af ter  only a  

few veh ic l e s  had passed, moto r i s t s  with c i t i z e n s '  band r ad ios  were on 

the a i r  informing o the r s  of the  prcserice of the  radar  u n i t .  This  problem 

was not  evident  wi th  subsequent speed surveys ,  when the  observers  were 

i n  p r i v a t e  vcli.icl.es and were usin$: n 1.ess c.onspi~:uous radar u n i t .  



Accidents 

Accident d,lLa were obtained from 52 of the  54 survey loca t ions .  

Usable da ta  were not a v a i l a b l e  f o r  two of t h e  l o c a t i o n s .  However, t h e r e  

were no s u i t a b l e  c o n t r o l  l o c a t i o n s  f o r  n ine  survey l o c a t i o n s ,  s o  these  

were a l s o  omitted from t h e  comparative da ta .  Those omitted included 

a l l  midblock c ross ings  because of t h e  obvious d i f f i c u l t y  of f ind ing  

comparable c o n t r o l  l o c a t i o n s .  

I n  a d d i t i o n  t o  t h e  43 survey loca t ions ,  acc iden t  d a t a  were 

c o l l e c t e d  f o r  33 o the r  school  c ross ings  a t  i n t e r s e c t i o n s  where tempor- 

a r y  s t o p  c o n t r o l  devices  were being used. The 76 i n t e r s e c t i o n s  included 

i n  t h e  acc ident  s tudy were loca ted  i n  33 c i t i e s ,  28 of which were c i t i e s  

where f i e l d  surveys were conducted. 

A con t ro l  l o c a t i o n  was se l ec t ed  f o r  each of t h e  76 i n t e r s e c t i o n s  

where temporary school  s t o p  con t ro l  devices  were i n  use. Each c o n t r o l  

l oca t ion  was i n  t h e  same community, had a  geometric conf igura t ion  s i m i -  

l a r  t o  the  i n t e r s e c t i o n  having temporary school  s t o p  con t ro l ,  and 

vehicular  t r a f f i c  volumes were comparable. 

The comparabi l i ty  of veh icu la r  t r a f f i c  volumes had t o  be es t imated ,  

s i n c e  t h e  scope of  t h i s  p r o j e c t  d i d  not  permit volume counting a t  t h e  

hundreds of i n t e r s e c t i o n s  t h a t  were candida tes  f o r  con t ro l  l o c a t i o n s .  

V i r t u a l l y  a l l  of t h e  c o n t r o l  i n t e r s e c t i o n s  were loca ted  t o  inc lude  one 

of t h e  same s t r e e t s  a s  t h e  i n t e r s e c t i o n  under s tudy,  thus  he lp ing  t o  

assure  a  reasonable comparabi l i ty  f o r  veh icu la r  volumes. Since t h e  

c ross ings  s tud ied  were p laces  a t  which pedes t r i an  flow was concent ra ted ,  

i t  was not  poss ib l e  t o  o b t a i n  con t ro l  l o c a t i o n s  a t  which pedes t r i an  

volumes were comparable. 



Accident d a t a  covering a  period of a t  l e a s t  t h r e e  yea r s  were 

sought f o r  each i n t e r s e c t i o n .  I n  f a c t ,  records  were a v a i l a b l e  f o r  up 

t o  fou r  yea r s  a t  some l o c a t i o n s  and f o r  a s  l i t t l e  a s  two yea r s  a t  o the r s .  

Hence, comparisons were made on t h e  b a s i s  of  t h e  average number of 

acc iden t s  experienced per l o c a t i o n  per yea r .  

A summary of t h e  types of c o n t r o l  a t  i n t e r s e c t i o n s  used a s  c o n t r o l  

l o c a t i o n s  is presented i n  Table 5. 

Table 5. I n t e r s e c t i o n  c o n t r o l  a t  l o c a t i o n s  used f o r  acc ident  exper i -  
ence comparisons 

Type of con t ro l  a t  c o n t r o l  i n t e r s e c t i o n s  Number of i n t e r s e c t i o n s  

For po r t ab le  ( ro l l -ou t )  s t o p  s i g n s  

Two-way s t o p  

Four-way s t o p  

Yield 

Pedestr ian-actuated s i g n a l  

No con t ro l  

Sub to ta l  

For o the r  non-uniform s t o p  con t ro l  devices  

Two-way s t o p s  

No c o n t r o l  

Sub to ta l  

To ta l  



31 

Other Characterist ics 

Since the period during which the temporary stop condition was i n  

e f fec t  varied widely a t  the  study locations,  r a t e s  of flow i n  vehicles 

or  pedestrians per hour were calculated i n  order t o  afford a comparable 

basis  fo r  subsequent analyses. These figures are  presented i n  Table 6. 

Rates of vehicular flow varied from 31 t o  769 vph on the major s t r e e t  

and 6 t o  199 vph on the minor s t r e e t  (excluding midblock crossings). 

Pedestrian r a t e s  of flow varied from 0 t o  327 persons/hour. 

Observers were a t  39 of the 54 survey locations a t  or  before the  

time the temporary control was scheduled t o  be effectuated. I n  other 

cases, t h i s  time had not been reported o r  had no prac t ica l  meaning (as  

i n  the case of a survey made i n  the afternoon a t  a location where the 

temporary control  was i n  e f fec t  of the e n t i r e  school day). A t  12 of 

these 39 locations the actual  i n s t a l l a t i on  took place within f i ve  minutes 

of the reported time. Ins ta l la t ion  was l a t e  by as  much as  56 minutes a t  

15 locations. Ins ta l la t ion  was ear ly  a t  12 locations by up t o  55 minutes, 

although one non-uniform stop control  device scheduled for  ear ly  morning 

effectuation had apparently been l e f t  i n  the  STOP posit ion during the 

en t i r e  previous night. 

S t ree t  widths for  school crossings a t  the f i e l d  survey locations 

where temporary stop control  devices were used varied from 18 f t  t o  

50 f t .  The average width was 30 f t .  



32 \ 

Table 6. Vehicular and pedestrian rates of flow at temporary school stop locations 
\ 

, 
Vollrmes Rates of flow, per hr I 

Measurements Me j or Minor Major Minor 
Location period, street street street street 
number min vehicles vehicles Pedestrians vehicles vehicles Pedestrians 1 

I 

1-1 34 108 42 16 191 74 28 



Table 6 .  (Continued) 

Volumes Rates of flow, per hr 

Measurements Major Minor Major Minor 
Location period, street street street street 
number min vehicles vehicles Pedestrians vehicles vehicles Pedestrians 

33-2 9 13 - 18 87 - - - 120 - 
Average 172 47 67 

(1) Data are incomplete due to  f ie ld  equipment malfunction. 



V. ANALYSES 

Accident Experience 

The accident  experience a t  76 i n t e r s e c t i o n s  

using temporary school s top con t ro l  devices 

and a t  76 comparable control  loca t ions  i s  

summarized i n  Table 7. 

It was recognized t h a t  a few i n t e r -  

sec t ions  with very high accident experience 

could d i s t o r t  a comparison of averages f o r  

Table 7.  Accident experience comparisons 

Type of con t ro l  Number Accident experience, accident  /y r  
a t  con t ro l  i n  each 

i n t e r s e c t i o n  sample Study Control 

For por table  (rol l-out)  s top s igns  

Two-way s top  26 0.57 0.72 

Four-way s top  5 0.43 0.50 

Yield 2 0.51 0.00 

Pedest r ian  s i g n a l  1 0.67 1.00 

No con t ro l  8 - 0.48 - 0.45 - 
Subtota l  42 0.54 (Average) 0.61 

For o the r  non-uniform s top  con t ro l  devices 

Two-way s top  28 0.42 0.26 

No c o n t r o l  
Subtota l  

For t o t a l  sample 

0.06 - 0.28 - 
0.36 (Average) 0.26 

To ta l  7 6 0.456 (Average) 0.454 



the study locat ions  and the control  locations,  given the small sample 

s i z e  involved. Hence, a comparison by accident r a t e s  a t  individual 

intersect ions  was undertaken. These data a r e  presented i n  Table 8. 

Only one intersect ion i n  e i t he r  sample experienced more than 2.0 acci- 

dents/year; t h i s  was a control  in tersect ion with an average of 2.70 

accidentslyear. None of the  differences displayed i n  Table 7 and 8 

between the study locations and control  locations is s t a t i s t i c a l l y  

s ignif icant .  

Because of the  nature of t h i s  research, par t icu la r  a t ten t ion  was 

directed t o  accidents involving pedestrians. Seven 

dents were noted of the 220 accidents that  were rec  

the comparative sample for  t h i s  research. Three of these accidents 

occurred a t  study locations and four a t  control  locations.  Only one 

accident involved children making a t r i p  t o  or  from school a t  a t  cross- 

ing protected by a temporary stop sign. This accident occurred when 

two children passed between cars  stopped due t o  downstream congestion 

i n  one t r a f f i c  lane and were struck when they entered another lane (on 

a four-lane s t r e e t )  i n  which t r a f f i c  was s t i l l  moving. Other pedestrian 

accidents involved adul ts  o r  children who were not i n  a protected 

crossing under circumstances not re la ted t o  the type of intersect ion 

control. 

A regression analysis  was undertaken using the accident frequency1 

year as  the dependent variable.  The independent or  explanatory variables 

that  were tes ted i n  t h i s  and subsequent analyses are  described in  Table 

9 (except tha t  X15 was not used t o  describe accident frequency). A 

result ing expression that  includes only those variables s ignif icant  with 
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0.95 probability is as follows: 

Y = 0.19 + 0.00214X1 + 0.00490X2 R 2 = 0.46 

(4.27) (3.27) 

where, Y = number of accidentslyear 

fined in Table 9 

ic are indicated in parentheses beneath the 

es of freedom, a t-statistic greater than 2.01 

ssion coefficient is significant with a probabil- 

ables used in regression analyses 

Variable Definition Unit or code 

Xl Major street rate of flow 

X2 Side street rate of flow 

X3 Pedestrian rate of flow 

x4 Type of device 

Portable (roll-out) sign 

Other non-uniform stop sign 

X5 Number of marked crosswalks (major 
street only) 

Two 

One 

None 

Location relative to school 

Adjacent to school 

Within a block of school 



Table 9.  (Continued) 

Var iable  Def in i t ion  Unit o r  code 

Remote loca t ion  0 

X7 
Posted speed i n  mph (major streets only) 

35 o r  more o r  none 

30 

25 

20 

'8 
Approach v i s i b i l i t y  (major street only) 

Good 

F a i r  

Poor 
I 

X9 
Marking condit ions 

Good 

F a i r  

Poor 

None 

Time of study 

P.M. 

A.M. 

X1l Presence of c ross ing  guard(s)  

Yes 

No 

X12 Type of s t o p  s ign  

Four-way 



Table 9. (Continued) 

Variable Definition Unit or code 

Two-way, one-way or other 0 

X13 Type of intersection (location) 

Four-way intersection 

T intersection 

Midblock crossing 

'14 Population classes 

50,000 and over 

10,000-49,999 

5,000-9,999 

2,500-4,999 

1,000-2,499 

Not over 999 

X15 Team conducting the field survey 

No other explanatory variables appeared in an equation at this 

2 significance level. The coefficient of determination, R , of 0.46 

indicates that 46 percent of the variability in the independent vari- 

able from a mean value of 0.43 accidentslyear is explained by this 

equation. The data set included those 52 of the 54 survey locations 

for which accident data were available. 



Appendix E presents a simple correlation matrix. This matrix in- 

dicates  the correlation coeff ic ient  between Y and each explanatory vari- 

able ,  using only the s e t  of 52 study locations for  which accident data 

were available.  Also indicated i n  Appendix D are  the correla t ions  

between each pa i r  of explanatory variables and the i r  correla t ions  with 

the dependent variables used i n  t h e  analyses described i n  the following 

section of t h i s  report. The l a t t e r  correlations are  f o r  the f u l l  s e t  

of 54 locations,  and therefore may not coincide exactly with the correla- 

t ions  among explanatory var iables  for  the s e t  of 52 locations used i n  

the analysis of accident frequency. 

Obedience, Vehicle Delay, and Speed 

A number of regression analyses were undertaken t o  determine whether 

the obedience t o  stop control  devices or  the amount of stopped delay 

were s ignif icant ly  correlated with spec i f ic  charac te r i s t ics  of locations 

where temporary school s top control  devices were i n  use. A l l  of the 

explanatory variables l i s t e d  i n  Table 9 were tes ted fo r  t h i s  purpose. 

Spot speed data were analyzed t o  determine the free-flow speed charac- 

t e r i s t i c s  a t  representative locations using portable (roll-out)  stop 

signs . 
Obedience t o  Stop Control 

An expression describing the leve l  of obedience t o  temporary stop 

control  devices was developed by regression analysis of the data  from 

t h i s  study. This expression i s  as follows: 



Y1 = 68.67 + 19.56X11 - 44.19X15 R~ = 0.68 

(3.95) (-9.07) 

where, Y = percentage of vehicles stopping 1 

X1l* X15 as  defined i n  Table 9 

Values f o r  the t - s t a t i s t i c  a r e  indicated i n  parenthesis beneath the equa- 

t ion.  With 51 degrees of freedom i n  t h i s  case, a t - s t a t i s t i c  greater  

than 2.01 indicates  significance of a regression coeff ic ient  with a 

probabil i ty greater  than 0.95. 

No other explanatory var iables  appeared a t  t h i s  l eve l  of s ign i f i -  

cance. The appearance of X15 i n  the equation indicates  tha t  there 

probably was a systematic bias  i n  the  recording of data i n  the f i e l d .  

One of the f i e ld  survey pa r t i e s  apparently interpreted the def in i t ion  

of a complete stop d i f fe ren t ly  than the other party. The e f fec t  of t h i s  

bias  was tha t  the party interpret ing a complete stop l e s s  rigorously 

recorded an average of 44 percent more vehicles stopping than the other 

party. Of greater importance, t h i s  equation demonstrates t ha t  the 

e f f ec t  of an adult  crossing guard or school patrol  member was t o  induce 

an increase of nearly 20 percent in  the  proportion of vehicles stopping 

a t  a crossing. 

The simple correla t ion coeff ic ients  between Y1 and each explanatory 

var iable ,  and among explanatory variables,  a r e  tabulated i n  Appendix E. 

To aid  the reader i n  interpret ing t h i s  table ,  a correlation coeff ic ient  

with an absolute value i n  excess of about 0.30 may be considered t o  

indicate a correlation between variables tha t  is consequential, although 

not necessari ly s ign i f ican t  form a s t a t i s t i c a l  standpoint. For example, 

the correlation of 0.051 between Y and X indicates a tendency for  1 4 



fewer vehicles t o  stop a t  portable (roll-out)  stop signs than a t  other 

non-uniform devices, but a lso indicates  a relationship so weak that  i t  

bears no prac t ica l  significance. 

A separate analysis was conducted using the presence o r  absence of 

a warning sign i n  advance of the crossing an an independent variable.  

The r e s u l t s  indicated tha t  there was no s ignif icant  relationship between 

t h i s  var iable  and the obedience t o  temporary stop control. 

The leve l  of obedience observed i n  t h i s  study averaged 36.6 percent, 

indicating a subs tan t ia l  lack of adherence t o  the lega l  requirements 

imposed by stop controls. In  order t o  determine whether t h i s  was unique 

t o  temporary school stop control devices, an addit ional 16 intersect ions  

i n  cen t ra l  Iowa tha t  had permanent stop control  were studied. The pro- 

portion of vehicles tha t  were observed t o  stop completely a t  eight 

permanent two-way stop intersect ions  varied from 15.7 percent t o  70.1 

percent, with a weighted average of 48.2 percent. A s ignif icant  posi t ive  

correla t ion was noted between the percentage stopping and the cross- 

s t r e e t  (major s t r e e t )  volume. A t  e ight  permanent four-way stop in te r -  

sections,  the weighted average was 2 3 . 3  percent of vehicles stopping. 

The range was from 8.8 percent t o  40.6 percent. The highest percentage 

of stops occurred a t  a permanent four-way stop location adjacent t o  a 

school. This intersect ion was functioning i n  a manner similar t o  those 

studied tha t  were controlled by temporary stop control  devices. 

Vehicle Delay 

An analysis t o  es tabl ish the re la t ionship between vehicle delay and 

the explanatory variables given i n  Table 9 resulted i n  the following 

equation: 



(2.84) (5.35) 

where, Y2 = stopped delay/stopped vehicle,  sec  

X2,  X3 a s  defined i n  Table 9 

No other explanatory variables appeared a t  a significance of a t  l e a s t  

0.95. The table  i n  Appendix E a lso gives the correla t ion between Y2 and 

each explanatory variable.  

Spot Speeds 

Data on spot speeds tha t  were obtained when the temporary stop 

control  was not i n  e f f ec t  a r e  displayed i n  Table 10. Analysis included 

a determination of the mean, 15th and 85th percent i le  speeds, and the 

10-mph pace. (The pace i s  defined as  t ha t  10-mph range of speeds tha t  

includes the grea tes t  number of observed values.) 

With the exception of Location 28-1, the 10-mph pace a t  each loca- 

t ion included more than 69 percent of the observed speed values. These 

high percentages indicate  a re la t ive ly  uniform speed dis t r ibut ion 

which, i n  turn,  suggests that  operating conditions tend t o  be much safer  

than when speeds a r e  widely dispersed. It may be noted, however; tha t  

the mean observed speed exceeds the speed l i m i t  a t  11 of the 18 Loca- 

t ions.  The 85th percent i le  speed exceeds the speed limit a t  16 locations. 

Economic Analysis i 

Economic costs for  vehicle and pedestrian delays, and for  i s t a l l i n g  i? 
or  fabr icat ing and operating the devices used, afford a basis  for  com- 

paring d i f fe ren t  types of control .  Costs were calculated and compared 
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Table 10. hna lys i s  of survey of spot speeds 

Posted Mean Standard Median 15th per- 85th per- Percent 
Location speed, speod dcv ia t lon ,  speed, c e n e i l e  c e n t i l e  2.0-mph i n  10-mph 

number mph rnph mph mph speed, mph speed, mph pace pace 

(1) No fipeed l i m i t  posted,  25 mph under provieion8 of Code of Iowa. 



for  three types of s top control  devices employed for  t h i s  purpose a t  

school crossings. They are  as  follows: 

1. Temporary s top control .  

2. Permanent four-way stop signs. 

3 .  Midblock pedestrian-actuated signals.  
I 

Pedestrian delays a r e  inconsequential fo r  a l l  of these types of 

control  and therefore were not included i n  the  calculation.  Other com- 

parisons were made on the basis  of a typical  in tersect ion,  using the 

following values that  were averages fo r  the 54 survey locations: 

Major s t r e e t  vehicular r a t e  of flow, 176 vph 

e Minor s t r e e t  vehicular r a t e  of flow, 47 vph (where applicable) 

Pedestrian crossing r a t e  of flow, 67 personslhr 

0 Free flow vehicle speed, 28.08 mph 

A l l  vehicles were assumed t o  be passenger automobiles. 

It should be noted here tha t  these vehicular and pedestrian r a t e s  

of flow, typical ly  encountered where temporary school s top control  de- 

vices are  used i n  Iowa, are  qu i te  low. They are  not suf f ic ien t ly  high 

t o  s a t i s f y  the warrant commonly employed to  j u s t i fy  use of a midblock 

pedestrian-actuated signal.  This type of control has generally been 

suggested only where vehicular volumes do not permit an average of a t  

l e a s t  one gaplminute su i tab le  for  pedestrian crossings. Signals a r e  

not usually considered where su i tab le  gaps occur more frequently. 

Assuming random a r r iva l  of vehicles and using the c r i t e r i a  of Reference 

6 t o  define a sui table  gap (12 seconds i n  t h i s  case), these occur an 

average of about 98 timeslhour or  once every 37 seconds when the vehicu- 

l a r  volume is 176 vph and one row of pedestrians is crossing a s t r e e t  



30 f t  wide. The warrant is sa t i s f i ed  only when t r a f f i c  volumes a r e  much 

higher (400 t o  1,000 or more vph, depending upon s t r e e t  width and pedes- 

I t r i a n  volumes). 

Unit Costs 

Unit costs  fo r  passenger vehicle operation t o  e f f ec t  speed reduc- 

t ions ,  including stops,  and fo r  i d l i ng  while stopped were obtained from 

Reference 27. Costs given i n  t h i s  reference a re  fo r  January 1975. 

These were updated t o  November 1977, by using appropriate mul t ipl iers .  

Each mul t ip l ie r  is a function of d i f f e r en t  proportions of ce r t a in  de- 

t a i l ed  indices from the Consumer Pr ice  Index. Equations f o r  the  

mul t ip l ie r s  a r e  a l so  given i n  Reference 27. The mul t ip l ie r s  calculated 
I 

fo r  t h i s  purpose were 1.165 for  speed changes and stops,  and 1.200 f o r  

id l ing.  

The time delay due t o  reductions i n  speed were obtained from Winfrey 

(28). This gives values fo r  the  amount of time fo r  deceleration t o  a 

reduced speed, and then for  accelerat ion t o  regain the  free-flow speed 

(28.08 mph i n  t h i s  case). Stopped time delay is i n  addit ion t o  the  

I 
acceleration and deceleration delays. 

A value fo r  the  time of vehicle occupants had t o  be assumed. A 

study by Thomas and Thompson t h a t  r e l a t ed  the  value of time of vehicle 

occupants t o  the  amount of time saved, t r i p  purpose and other f ac to r s ,  

found tha t  persons place a much lower value per un i t  of time on very 

small increments of time saved, and high values on t i m e  savings of 

several  minutes each (29). Since the  amount of time involved i n  a 

s ingle  speed change was only a few seconds, and s ince most of the  t r a f f i c  

consisted of loca l  vehicles,  probably making a shor t  t r i p ,  a r e l a t i ve ly  



low value for time is suggested. The value of $Z.OO/hour covering the 
I 

time of all occupants of a vehicle has been utilized. However, time 

costs have been segregated from all other costs, so that a reader 

electing to use a value higher or lower than $2.00/vehicle-hour may 
I 

readily evaluate the effects of time costs on the economic calculations. 

The following costs for installation and operation of stop signs 

and signals were obtained from traffic engineers in municipalities in 

Iowa, and were used in subsequent cost calculations: 

Fabrication and installation of stop signs for temporary use, 

$80 each or $160lintersection. I 
Fabrication and installation of permanent stop signs, $50 each 

or $100/intersection. 1 
0 Costs for midblock pedestrian signal, per crossing: I 

Initial installation, $10,000. 
I 

Maintenance, $lO/month or $120/year. 1 I 
Purchase of power, $20/month or $240/year. 

These costs will be segregated from other costs in summaries so that the 

reader may substitute locally applicable costs where appropriate. 1 

Temporary Stop Control 

In order to calculate vehicle delays and operating costs at tem- 

porary school stops, the personnel conducting field surveys estimated 
I 
1 

the speeds attained by vehicles that slowed but did not stop. The values 1 
used for this calculation were as given in Table 11. Unit costs were 

interpolated from Reference 27 for speed reductions from 28.1 mph to 
l 

each of the other speeds. Considering also the average stopped delay I 
of 4.00 secondslstopped vehicle, operating costs for speed reductions 



and stops, updated to November 1977, were $13.366/1,000 vehicles 

($13.184 for acceleration and deceleration and $0.152 for idling). 

The time lost for speed reductions and stops was 3.182 hours/1,000 

vehicles (2.775 hours for acceleration and deceleration and 0.407 hour 

for idling). This is an average total delay of 11.46 secondslentering 

vehicle. The time cost therefore was $6.364/1,000 vehicles using the 

unit cost of $2.00/vehicle-hour. 

Table 11. Estimated speeds at temporary stop signs 

Slowest speed attained, mph Proportion of total vehicles 

0 (stopped) 0.36 

2.5 0.40 

5 0.15 

10 0.04 

15 0.02 

20 0.015 

28.1 (did not slow) 

Total 

The tenporary stop control devices encountered in this study were 

in effect an average of 3.25 hours/day. Each one would affect 572 major 

street vehicleslday at a rate of flow of 176 vehicles/hour. Using 

these values and the unit costs above', daily casts were calculated at 

$11.27/day, $7.63 for vehicle operation and $3.64 for the time of vehicle 

occupants. Since schools in Iowa are in session for 180 days, annual 



cos t  would be $2,028.60/year, $1,373.40 f o r  v e h i c l e  ope ra t ion  and 

$655.20 f o r  t h e  t i m e  of v e h i c l e  occupants.  

Methods f o r  i n s t a l l i n g  o r  e f f e c t u a t i n g  temporary s t o p  c o n t r o l  de- 

v i c e s  were found t o  vary  widely. Some c i t i e s  h i r e d  an i n d i v i d u a l  

s p e c i f i c a l l y  f o r  t h i s  purpose and thereby incurred  a  d i r e c t  and r e a d i l y  

c a l c u l a b l e  cos t .  More o f t e n ,  however, a  teacher  o r  cus todian  a t  a 

school  performed t h i s  duty  s o  t h a t  c o s t s  were i n d i r e c t  and less r e a d i l y  

ca l cu lab le .  Where a  s i g n  was i n s t a l l e d  by a  p o l i c e  o f f i c e r ,  c o s t s  were 

f a i r l y  s u b s t a n t i a l  but  could not  be  determined e a s i l y .  S tudents  e f f e c t e d  

i n s t a l l a t i o n  and removal i n  a few c i t i e s .  Given t h i s  v a r i a t i o n ,  a  u n i t  

c o s t  of $l.OO/cycle of i n s t a l l a t i o n  and removal has  been assumed t o  

cover t h e  average s i t u a t i o n  where some c o s t  was incurred  f o r  i n s t a l l a -  

t i o n  by a  person r ece iv ing  a  s a l a r y  o r  wages p r imar i ly  t o  perform 

o the r  d u t i e s .  Since t h e  average s i g n  i n  Iowa was i n s t a l l e d  o r  e f f ec tu -  

a t ed  2.23 t imeslday,  t h i s  y i e l d s  an average cos t  of $2.23/day o r  $401.401 

year  f o r  180 days. 

S imi lar  c a l c u l a t i o n s  were made f o r  an assumed condi t ion  where each 

v e h i c l e  stopped completely and incurred  4.00 seconds of stopped delay.  

T o t a l  annual c o s t s  f o r  t h e s e  two condi t ions  a r e  summarized i n  Table 12. 

Note t h a t  t hese  v e h i c l e s  c o s t s  a r e  f o r  major s t r e e t  v e h i c l e s  only. The 

mode of opera t ion  of minor s t r e e t  v e h i c l e s  ( s t o p ,  then proceed when t h e  

major r o u t e  i s  c l e a r )  o r d i n a r i l y  is not  changed by t h e  use of temporary 

s t o p  c o n t r o l  devices .  

Permanent Four-way Stop Cont ro l  

Use of temporary s top  c o n t r o l  devices  t y p i c a l l y  conver ts  a two-way 

s t o p  i n t e r s e c t i o n  i n t o  a  four-way s t o p  i n t e r s e c t i o n  during the .pe r iod  of 



use of t h e  temporary devices .  Some c i t i e s  i n  Iowa have made t h i s  con- 

ve r s ion  permanently. An eva lua t ion  was made of t h e  economic e f f e c t s  

of t h i s  conversion. 

The u n i t  c o s t s  app l i cab le  i n  t h i s  case  a r e  t h e  same a s  those  pre- 

v ious ly  c a l c u l a t e d  f o r  temporary s t o p  c o n t r o l  devices.  The e s s e n t i a l  

Table 12. Summary of annual c o s t s  f o r  temporary s t o p  c o n t r o l  

Costs ,  $/year  

Cost i tem 
I f  each 

A s  ope ra t ing  v e h i c l e  s topped 

Vehicle  ope ra t ing  $1,373.40 $1,604.61 

Time of v e h i c l e  occupants 655.20 904.22 

I n s t a l l a t i o n  and removal 401.40 401.40 

T o t a l  $2,430.00 $2,910.23 

d i f f e r e n c e  i s  t h a t  t h e  e f f e c t  accrues  f o r  24 hours/day and 365 days lyea r ,  

r a t h e r  than f o r  3.25 hours (average) /day and 180 days/year .  I n  o rde r  t o  

determine t h e  average propor t ion  of d a i l y  t r a f f i c  a f f e c t e d  by temporary 

con t ro l  devices ,  t y p i c a l  hours  of usage were determined. The propor- 

t i o n  of d a i l y  t r a f f i c  a f f e c t e d  dur ing  t h e s e  hours  could them be  estim- 

a ted .  

Hours of use were analyzed from t h e  ques t ionna i r e  responses. Each 

of n ine  d a i l y  hours  were found t o  inc lude  some usage, wi th  t h e  most ex- 

t e n s i v e  use  occurr ing  between 8:00 and 9:00 a.m. and 3:00 and 4200 p.m. 

The propor t ion  of d a i l y  t r a f f i c  occur r ing  during each hour was taken 

from a r e p o r t  by Box and Alro th  (30) .  (This  r e p o r t  d i s t i n g u i s h e s  



between major a r t e r i a l s  and minor streets. The propor t ion  of average 

d a i l y  t r a f f i c  occurr ing  on each type  of r o u t e  f o r  each hour is given.  

These two va lues  were averaged f o r  t h i s  a n a l y s i s  t o  be  r e p r e s e n t a t i v e  

of s t r e e t s  i n  Iowa on which temporary s t o p  c o n t r o l  devices  t y p i c a l l y  

a r e  located.)  

This  a n a l y s i s  i nd ica t ed  t h a t  20.0 percent  of t h e  average d a i l y  

t r a f f i c  occurred dur ing  t h e  3.25 hours t h a t  t h e  temporary school  s t o p  

con t ro l  was i n  e f f e c t .  A t o t a l  d a i l y  t r a f f i c  on t h e  major s t r e e t  of 

2,860 v e h i c l e s  would correspond t o  t h e  572 v e h i c l e s  a f f e c t e d  by t h e  

temporary device.  On t h i s  b a s i s ,  annual  c o s t s  f o r  major s t r e e t  v e h i c l e s  

only wi th  permanent four-way s t o p  c o n t r o l  were ca l cu la t ed ,  a s  d isp layed  

i n  Table 13. Again, two modes of opera t ion  a r e  considered.  I n  addi- 

t i o n  t o  t h e  observed experience wi th  only about 36 percent  of t h e  

v e h i c l e s  s topping ,  an eva lua t ion  i s  a l s o  shown based on an assumption 

t h a t  a11 v e h i c l e s  stopped and incurred 4.0 seconds of stopped de lay/  

vehic le .  

Table 13. Summary of annual c o s t s  f o r  permanent four-way s t o p  c o n t r o l  

Cos ts ,  $/year  

I f  each 
Cost i tem A s  ope ra t ing  v e h i c l e  stopped 

Vehicle ope ra t ing  $13,925.63 $16,268.95 

Time of v e h i c l e  opera t ion  6,639.20 9,167.76 

T o t a l  $20,564.83 $25,436.71 



Midblock Pedestrian-Actuated S igna l  

I n  order  t o  analyze t h e  e f f e c t  of veh icu la r  and pedes t r i an  t r a f f i c  

on a  midblock c ross ing  using pedes t r i an  ac tua ted  s i g n a l s ,  a  s imple pro- 

gram was executed t h a t  s imulated t h e  a r r i v a l  of pedes t r i ans  and 

veh ic l e s .  The s i g n a l  was ad jus t ed  t o  respond appropr i a t e ly  t o  pedes- 

t r i a n  ac tua t ions .  The assumptions used a s  input  f o r  t h i s  program were 

a s  fol lows:  

@ The pedes t r i an  flow of 67 persons/hour cons i s t ed  of 40 groups 

of pedes t r i ans  a r r i v i n g  randomly throughout t h e  hour. 

@ A pedes t r i an  would p l ace  a  demand f o r  a  WALK s i g n a l  immediately 

upon a r r i v a l  a t  t h e  c ross ing .  

r A minimum of 30 seconds of  green was provided a f t e r  each pedes- 

t r i a n  cyc le .  Once t h i s  minimum was s a t i s f i e d ,  a  pedes t r i an  c a l l  

would cause t h e  s i g n a l  t o  cyc le  through 4.0 seconds of v e h i c l e  

c learance  (yellow), 7.0 seconds of WALK, and 8.0 seconds of 

f l a s h i n g  DONT WALK. Thus, each veh ic l e  red  s i g n a l  was displayed 

f o r  15 seconds. 

e A v e h i c l e  s topped i f  i t  a r r i v e d  during t h e  red i n d i c a t i o n  o r  

during t h e  l a s t  2.0 seconds of t h e  yellow. 

h, A v e h i c l e  proceeded without  reducing speed i f  i t  a r r i v e d  dur ing  

t h e  f i r s t  2.0 seconds of t h e  yellow, o r  any except  t h e  f i r s t  

5.0 seconds of t h e  green s i g n a l  i nd ica t ion .  

e A v e h i c l e  slowed t o  a  speed varying from 5 t o  20 mph i f  it a r r i v e d  

during t h e  f i r s t  5.0 seconds of t h e  green s i g n a l  i nd ica t ion .  

c The veh icu la r  flow of 176 vehicles/hour.was assumed t o  a r r i v e  

a t  uniform i n t e r v a l s .  



The results of this simulation are as follows: 

0 Of 176 vehicleslhour, 80 percent proceeded without slowing, 

4 percent slowed, and 16 percent stopped. 

0 Total vehicle delay averaged 641 seconds/hour including 267 

seconds of stopped delay. This was an average of 3.64 seconds1 

entering vehicle. 

0 The average pedestrian delay was 7.50 secondslperson. 

It was further assumed that pedestrian flow at this rate was sustained 

for 2.5 hourslday for 180 dayslyear. Using the same unit costs as for 

stop sign control, annual vehicle costs at pedestrian signals would be 

$412.03, including $251.77 for vehicle operation and $160.26 for the 

time of vehicle occupants. Costs for maintenance of signal equipment 

and purchase of power bring the total annual cost to $772.03. 

Summary of 20-Year Costs 

To make a valid economic comparison among alternative forms of 

intersection control, costs for the purchase and installation of signs 

or signal systems must be added to the costs for time, vehicle opera- 

tion, and periodic maintenance and operation of the system. Such a 

comparison may be mad& by relating all costs over a 20-year period, 

the assumed service life of a sign or signal installation. 

Installation costs are incurred at one time at the beginning of an 

analysis period. Other costs accrue annually during each year of the 

period. A comparison may be made only if costs incurred in the future 

are suitably discounted to account for the time value of money, the 

effects of inflation, and the possibility of changes in vehicular and 

pedestrian volumes. A discount rate of 8.0 percent was selected for 



t h i s  purpose. A uniform c o s t  occurr ing  annual ly i n  t h e  f u t u r e  may then  

be r e l a t e d  t o  a cu r ren t  expenditure by mul t ip ly ing  t h e  annual amount by 

a s e r i e s  present  worth f a c t o r .  The s e r i e s  p re sen t  worth f a c t o r  f o r  a 

d iscount  r a t e  of 8.0 percent  and a 20-year a n a l y s i s  per iod  is 9.818147. 

A comparison of t h e  20-year p re sen t  worths of c o s t s  f o r  t h e  t h r e e  

c o n t r o l  methods analyzed is presented i n  Table 14. Values f o r  c o n t r o l  

by s t o p  s i g n s  assume t h e  l e v e l  of obedience t h a t  was observed i n  t h i s  

s tudy.  It should be  noted t h a t  t h i s  comparison i s  v a l i d  only f o r  t h e  

veh icu la r  and pedes t r i an  volumes t h a t  a r e  averages f o r  the  54 l o c a t i o n s  

where f i e l d  surveys were conducted a s  p a r t  of t h i s  s tudy,  and f o r  t h e  

Table 14. P resen t  worth of 20-year c o s t s  f o r  t h r e e  a l t e r n a t i v e  methods 
of c o n t r o l  

T o t a l  20-year c o s t s ,  $ 

Method of cont ro l  

Cost item 
Temporary Four-way Pedes t r i an  

s t o p  s t o p  s i g n a l  

Fabr i ca t e  and i n s t a l l  s i g n s  (0) 

Procure and i n s t a l l  s i g n a l s  (0) 

I n s t a l l  and remove s i g n s  (A) 

Purchase power (A) 

Maintain s i g n a l s  (A) 

Vehicle opera t ion  (A) 

Time of v e h i c l e  occupants (A) 

T o t a l  

0 = one t i m e  expendi ture ,  A = annual  expendi ture .  



unit costs assumed. In general, higher vehicular volumes will tend to 

make the comparison more favorable for pedestrian signals. Higher 

pedestrian volumes or wider streets will have an opposite effect. 

No cost analysis was made for intersection control by traffic- 

actuated signals. The volumes encountered at typical intersections 

using temporary stop control are much too low to warrant traffic signals. 

If they were used, however, control by traffic-actuated signals would 

induce costs for major street vehicular delays about the same as were 

calculated for permanent four-way stop control. These costs would be 

offset somewhat by a decrease in costs that could be anticipated from 

a reduction in delays to minor street vehicles. Capital costs for the 

signal installation and costs for maintenance and purchase of power 

would be about double the comparable costs for pedestrian-actuated 

signals. 

Summary of Findings 

There is no indication from the results of this research that 

temporary stop control devices at school crossings either increase or 

decrease accident frequency. None of the differences in accident 

experience between intersections using temporary school stop control 

devices and comparable control intersections was statistically signifi- 

cant. However, there was much greater pedestrian exposure at the study 

intersections. 

Obedience to stop control at locations controlled by temporary de- 

vices was relatively low. Only 36.6 percent of the vehicles observed 

came to a complete stop. However, a study of 16 intersections controlled 



by permanent s t o p  s i g n s  ind ica t ed  comparable l e v e l s  of obedience. This  

f i n d i n g  sugges ts  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  moto r i s t  

response t o  permanent s t o p  s i g n s  and temporary s t o p  s igns .  

Vehicle  de l ays  a r e  s i g n i f i c a n t  a t  a l l  types of s t o p  s igns .  How- 

e v e r ,  t h e  temporary n a t u r e  of t h e  device s tud ied  reduces t h e s e  de lays  

s u b s t a n t i a l l y  when compared wi th  permanent s t o p  s igns .  Pedestr ian-  

ac tua ted  s i g n a l  c o n t r o l  a t  midblock l o c a t i o n s  may be expected t o  cause 

s i g n i f i c a n t l y  less v e h i c l e  de lay  than temporary s t o p  s igns .  

An economic a n a l y s i s  of  c o s t s  f o r  v e h i c l e  ope ra t ion ,  v e h i c l e  

de l ays ,  and t h e  c o s t s  f o r  i n s t a l l i n g  and ope ra t ing  va r ious  devices  

i n d i c a t e s  t h a t  long-range savings  a r e  poss ib l e  by us ing  midblock 

pedestr ian-actuated s i g n a l s  r a t h e r  than temporary s t o p  s i g n s .  This  

a n a l y s i s  a l s o  i n d i c a t e s  t h a t  conversion t o  permanent four-way s t o p  con- 

t r o l  from temporary c o n t r o l ,  o r  one t h a t  i s  responsive t o  a c t u a l  

pedes t r i an  demand dur ing  l i m i t e d  per iods ,  w i l l  always e n t a i l  a sub- 

s t a n t i a l  i nc rease  i n  c o s t s .  

Times of i n s t a l l a t i o n  and removal of temporary school  s t o p  c o n t r o l  

devices  were found t o  be q u i t e  e r r a t i c  a t  t h e  l o c a t i o n s  surveyed i n  t h e  

f i e l d .  I n  some cases ,  t h e  t imes t h e  devices  were used d i d  n o t  corre-  

spond wi th  per iods  of p e d e s t r i a n  demand. The acc ident  hazard f o r  

school  c h i l d r e n  is increased  s i g n i f i c a n t l y  when c ross ings  a r e  made a t  

a  l oca t ion  normally having s t o p  c o n t r o l ,  bu t  lacking  t h a t  c o n t r o l  due 

t o  a  f a i l u r e  t o  e f f e c t u a t e  t h e  temporary device.  On t h e  o t h e r  hand, 

a d d i t i o n a l  c o s t s  f o r  v e h i c l e  de lay  and opera t ion  a r e  need les s ly  in-  

cur red  when these  devices  a r e  l e f t  i n  e f f e c t  beyond t h e  per iod  of need. 



Designs of temporary school s top control  devices i n  Iowa a re  

widely variable.  Some typ ica l  portable signs a r e  displayed i n  Figure 1, 

and some of the other non-uniform signs a r e  shown i n  Figure 2. Most 

of the portable stop signs i n  use are  mounted much too low t o  be effec- 

t i ve  when placed i n  position. Few of these conform t o  a standard 

design prepared i n  1973 by the Iowa Sta te  Highway Commission (now par t  

of the Iowa Department of Transportation). A copy of t h i s  standard 

design is included as  Appendix F. 

Patterns of use a lso a r e  iYidely variable.  Many portable signs a r e  

placed i n  the center of an intersect ion and display four s top  sign faces 

i n  order t o  function as  four-way stops.  A t  in tersect ions  with per- 

manent two-way stop control ,  some communities use a s ingle  two-way s ign 

also placed i n  the center of an intersect ion.  Other c i t i e s  use a sepa- 

r a t e  sign on each approach. 

The use of f lashing beacons i n  conjunction with temporary school 

stop control  a lso involves some non-uniform practices.  I n  one instance 

a f lashing red beacon operated on an automatic timer, and s t a r t ed  and 

stopped a t  times tha t  did not coincide with the times tha t  a temporary 

non-uniform stop sign was i n  e f fec t .  Some communities use flashing red 

beacons for  part-time stop control  a t  crossings permanently marked only 

with standard crosswalk warning signs. The e f f ec t ,  i f  any, on motorist 

response t o  the non-uniform pract ices  t ha t  were observed could not be 

determined. 



Figure 1. Photographs of typical  portable (roll-out) stop signs 



Figure 2. Photographs of other types of non-uniform stop signs 



VL.  CONCLUSIONS AND WCOWNUATIONS 

Conclusions 

A subs tan t ia l  majority of the o f f i c i a l s  from 

the over 300 communities i n  Iowa tha t  use 

temporary stop control  devices a t  school 

crossings favor the use of these devices. 

They a l so  believe tha t  t h e i r  use serves t o  

reduce accident frequency. 

The r e su l t s  of t h i s  study indicate that  

accident experience is the same a t  locations 

using these devices a s  a t  comparable locations not using the temporary 

devices. The fac t  that  the greater  pedestrian exposure a t  locations 

using temporary stop control  devices was not re f lec ted  by an increase 

i n  pedestrian accidents suggests tha t  the  use of these devices is ser-  

ving t o  prevent accidents involving children making t r i p s  t o  and from 

school. 

The most serious objection t o  use of temporary s top control  devices 

is the i r  lack of consistency with accepted standards fo r  uniform t r a f f i c  

control  devices. This objection is raised by users of these devices as  

well as  by non-users. National standards do not approve t h e i r  use. 

Lack of uniformity i n  Iowa is manifested i n  the  design and placement of 

the signs. The extent of which t h i s  troubles motorists  could not be 

ascertained i n  t h i s  research. A lack of uniformity apparently did not 

~ e s u l t  e i t he r  i n  a reduced leve l  of obedience t o  the  temporary devices 

or  i n  an increase i n  the frequency of occurrence of accidents. 



Any move to prohibit the use of non-uniform traffic control devices 

faces the practical problem of enforcing such a prohibition. There 

currently are no practicable means by which the state can enforce a 

legal requirement that cities conform with the provisions of a manual 

on uniform traffic control devices. The current popularity of non-uniform 

stop control devices used at school crossings strongly implies that 

efforts to prohibit their use would be resisted by local citizens and 

officials who have become accustomed to them and believe that they are 

effective. An indication that this problem may not be unique to Iowa is 

afforded by the frequency with which other states indicated that illegal 

or unsanctioned use of portable stop signs occurs regularly in local 

jurisdictions. 

A more useful role for the state would be to guide and assist cities 

in seeking improved means for providing protection at school crossings. 

Alternatives to temporary stop signs, such as pedestrian-actuated sig- 

nals at midblock crossings, can be shown to be cost-effective. They 

also would provide a comparable degree of protection against accidents 

in many locations. In some cases, one midblock crossing can replace 

two crossings that currently use temporary stop signs, with significant 

savings in costs and delays to vehicular traffic and no sacrifice in 

pedestrian protection. 

Guidance from the state in establishing standards for the design 

and use of temporary devices is also needed. The devices in use are 

often poorly designed. Their locations are not always consistent with 

appropriate school route plans. The times during which they are used 

are frequently excessive in terms of their intended use for protecting 



school crossings. Temporary signs may be effectuated and removal may 

be too early or too late, either needlessly disrupting vehicular traffic 

flow or affording inadequate pedestrian protection at crossings or both. 

Recommendations 

The findings and conclusions from this study do not support a 

prohibition of the use of portable signs placed in the roadway. However, 

they do suggest that significant benefits could be realized by reducing 

restrictions to vehicular traffic flow without an adverse effect on 

safety. Accordingly, the following nine recommendations are suggested 

by these conclusions: 

1. Changes in Legislation 

No change is suggested now in the current legislation covering the 

use in Iowa of temporary stop control devices at school crossings. 

However, following preparation of a new school crossing manual by the 

Iowa Department of Transportation, a change in Section 321.252, Code 

of Iowa, should be effected to require adherence to provisions of this 

manual. Wording should also be changed to permit use of these devices 

at authorized school crossings rather than to "delimit school zones," 

and to permit the use of temporary stop control devices placed at the 

side of the road. 

2 .  Preparation of a School Crossing Manual 

The Iowa Department of Transportation should prepare a school 

crossing manual that will include the following items, among others: 



a. Guidelines f o r  es tabl ishing a school route plan. 

b. Reference t o  sources of assistance f o r  es tabl ishing school pa t ro l s  

o r  administering a crossing guard program. 

c. Incorporation of standards governing use of temporary stop control  

devices a t  school crossings suggested by recommendations 3 through 

8. 

3.  Restudy of Current Use of Temporary School Stop Control Devices 

Locations a t  which temporary stop control  devices a r e  currently i n  

use should be studied with a view toward e i the r  eliminating s top control  

or  subs t i tu t ing  a feas ib le  and e f fec t ive  a l te rna t ive  form of control. 

Where such study indicates  tha t  a temporary s top control  device is 

necessary, preference should be given t o  devices located a t  the s ide  of 

the roadway ra ther  than within the roadway. The use of pedestrian- 

actuated s igna ls  should be investigated. 

4. Standard Designs 

A standard design should be prepared for  roadside-type temporary 

school s top control  devices, and should be included i n  an updated Iowa 

school crossing manual. A su i tab le  design should display a standard 

school crossing warning sign when stop control  is not i n  e f fec t .  The 

current standard for  portable stop signs (dated September 7, 1973) 

should be included i n  the manual. 

5. Location of Portable Signs 

Portable (roll-out)  stop signs,  i f  used, should be located i n  ad- 

vance of each crosswalk for  which protection i s  desired. They should 



not be located in the center of an intersection so that a single sign 

I 
is intended to afford protection for two or more crosswalks. 

6. Pavement Markings 

Each crosswalk protected by a stop control device should be marked 
I 

in conformance with current standards for pavement markings. 

7. Warning Signs 

Standard warning signs (Sl-1) should ordinarily be used preceding 

crossings controlled by temporary stop control devices. Guidelines for 

their use should be included in the updated Iowa school crossing manual. 

8. Hours of Use 

Specific instruction should be included in an Iowa school crossing 

manual for determining the time periods during which a temporary school 

I 
stop control device should be effectuated. This process should include 

field studies to establish periods of significant pedestrian flow. 

Installation generally should cover two periods of limited duration per 

school day, one each in the morning and afternoon. A third period 

during a noon break may be necessary if children ordinarily walk to and 

from school at this time. All-day installation ordinarily would be dis- 

couraged. 

9. Request for Approval and Inclusion in MUTCD 

The results of this study, including conclusions and recommendations, 

should be communicated to the Federal Highway Administrator with a re- 

quest that Section 7B-6 of the Manual of Uniform Traffic Control Devices 

be modified to permit the use of portable school signs placed in the 



roadway, i f  their use is i n  accordance with applicable state  laws and is  

consistent with standards of practice promulgated by a state  agency 

having responsibility for the application of traf f ic  control devices 

within the state .  
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APPENDICES 

APPENDIX A 

QUESTIONNAIRES AND LETTERS OF TRANSMITTAL 



Iowa State university , and 

Engineering Research Institute 
Colle~e of Eneineerine 
382 ~ G w n  En$neering~uilding 
Telephone: 515-294-6778 

June 13, 1977 

(Initial questionnaire to cities) 1 

I 
The Engineering Research Institute a t  Iowa State University i s  under- 

taking a research study for the Iowa Department of Transportation entitled 
"Portable School Stop Signs and Other Non-Uniform School Stop Control I 

Devices". As you may be aware, portable stop signs, a1 tough permitted % 
under Iowa law to delineate school zones, do n o t  conform with federal 
standards. An objective of our research i s  to establish the benefits, i f  
any, of their use and t o  make an evaluation of whether t o  recommend changes 1 I 
in either federal requirements or s ta te  law. We need your assistance in 
carrying out this research responsibility. 

i 
The purpose of this  inquiry i s  t o  determine whether portable (rol l-  \ 

out) stop signs are or  have recently been used a t  school crossings in your 
community. You are requested to indicate this  on the enclosed questionnaire. 
A further subject of our investigation i s  the use of other types of school 1 
signs that display a STOP message only during certain hours. This i s  
usually effected by means of a sign that folds or i s  rotated to vary the 
message displayed to motorists. The questionnaire also has a space for 
indicating the use of this type of device. If neither of these types of 
devices i s  used, please indicate this on the questionnaire and return i t  

I 
to us using the enclosed prepaid envelope. 1 

If any of these devices are used currently or  have been used in the 
past, we shall send you another, more detailed questionnaire. Hence, i t  
i s  important that you indicate the name and address of the person to 
whom the second questionnaire should be sent. 

Thank you for your assistance in completing the questionnaire and 
returning i t  t o  us. 

Sincerely yours, 

R. L .  Carstens 
Professor of Ci vi 1 Engineering 

RLC/db 
Enclosure 



QUESTIONNAIRE 

Return to: 

Engineering Research Institute 
382 Town Engineering Bui 1 ding 
Iowa State University 
Ames, Iowa 50010 

Concerning the use of certain types of stop control devices a t  

school crossing in , the following 

information i s  requested. 
Yes No 

Are portable (roll-out) stop signs currently in use? 

They are not currently used b u t  were 
former1 y used. 

Are stop signs used that fold o r  rotate 
to vary the message? 

They are not  currently used but were 
formerly used. 

If the answer t o  any of the above i s  yes, a more detailed questionnaire 

will be sent. To whom should i t be addressed: 

Name 

Position 

Address 

Z i p  

Please return this  questionnaire even i f  your response i s  No t o  both 
questions. 

Questionnaire completed by: 

Name (please print) 

Position 



Iowa State university Scimce and 

Engineering Research lnatitute 
College ol Engineering 
382 Town Engineering Building 
Telephone: 535-296-6778 

June 16, 1977 

(Initial questionnaire to county sheriffs) 

The Engineering Research I n s t i t u t e  a t  Iowa State Universi ty i s  
undertaking a research study f o r  the Iowa Department o f  Transportation 
e n t i t l e d  "Portable School Stop Signs and Other Non-Uni form School Stop 
Control Devices". As you may be aware, portable stop signs, although 
permitted under Iowa law t o  del ineate school zones, do not  conform w i th  
federal standards. An ob ject ive o f  our research i s  t o  establ ish the 
benefits, i f  any, o f  t h e i r  use and t o  make an evaluation o f  whether t o  
recommend changes i n  e i t he r  federal requirements o r  s ta te  law. We need 
your assistance i n  carry ing out  t h i s  research respons ib i l i t y .  

The purpose o f  t h i s  inqui ry  i s  t o  determine whether portable ( r o l l -  
out) stop signs are cur ren t l y  being used a t  school crossings i n  your 
county. We have directed a questionnaire t o  each incorporated community 
to  determine t h e i r  use. A f u r t he r  subject o f  our invest igat ion i s  the 
use o f  other types o f  school signs tha t  display a STOP message only 
during cer ta in  hours. This i s  usually e f fected by means o f  a s ign tha t  
fo lds or i s  ro ta ted t o  vary the message displayed t o  motorists. The 
questionnaire also requested information on use o f  these devices. 

Our purpose i n  w r i t i n g  you i s  t o  determine the use o f  such devices 
i n  ru ra l  areas w i th in  your county and, i n  the expectation o f  something 
less than 100 percent response from incorporated communities, t o  make 
ce r ta in  t ha t  we are aware o f  a l l  c i t i e s  i n  which they are cur ren t l y  being 
used. Please complete the enclosed questionnaire and re tu rn  i t  t o  us i n  
the prepaid envelope. Note t ha t  we need your response even i f  none of  
these devices are being used. Thank you f o r  t h i s  assistance. 

Sincere1 y yours, 

R. L. Carstens 
Professor o f  C4 v i  1 Engineering 

RLC/db 
Enclosure 



QUESTIONNAIRE 

Return to: 

Engineering Research Inst i tute 
382 Town Engineering Building 
Iowa State Uni versity 
Ams, Iowa 50010 

Concerning the use of certain types of stop control devices a t  school 

crossings in County9 the following information 

i s  requested. 

Yes No 
Are portable (roll-out) stop signs currently in use? 

I f  yes, indicate locations. 

Rural areas 

In which comuni t ies  

Yes No 
Are stop signs that fold or rotate used? 

If yes, indicate locations and describe generally. 

Rural areas 

In which communities 

Describe the type of sign 

Questionnai re completed by: 

Name 

Position 



Engineering Resenrt'h Institute 
College of Engineering 
382 Town Engineering Building 

( I n i t i a l  quostionnairc t o  ota tcs)  Telephone: 515-294-6+18 

The Engineering Research Institute a t  Iowa State University i s  
undertaking a research study for  the Iowa Department of Transportation 
entitled "Portable School Stop Signs and Other Non-Uniform School Stop 
Control Devices". Portable (roll -out) stop signs are permitted under 
Iowa law to delineate school zones and are widely used a t  crossings 
i n  the s ta te  for this purpose. The conflict w i t h  the Manual on Uniform 
Traffic Control Devices i s  evident. There is  also widespread use of 
other types of school signs that display a STOP message only during 
certain hours. This i s  usually effected by a changeable message s ign  
that folds or i s  rotated to vary the message displayed to motorists. 
An objective of our research i s  to  establish the benefits, i f  any, from 
the use of these devices and to make appropriate recommendations to  the 
Iowa Department of Transportation. 

The purpose of this  inquiry js to determine whether similar devices 
which may not conform w i t h  the MUTCD are used a t  school crossings i n  
your state. You are requested to indicate on the enclosed questionnaire 
whether these devices are currently i n  use i n  your s ta te .  A postage 
paid envelope is enclosed for your use i n  returning the questionnaire. 
I shall comnunicate further w i t h  those who respond affirmatively i n  order 
to determine limitations s e t  forth by the s t a t e  for their  use, legal 
status, warrants, standard designs, and an evaluation of experience w i t h  
these devices. You are therefore requested to indicate the person to 
whom a follow-up inquiry should be directed in case of an affirmative 
response. 

Thank you for your assistance in responding to this  inquiry and 
returning the questionnaire to us. 

Si ncerely yours, 

R. L .  Carstens 
Professor of C i v i  1 Engineering 

R L C / P ~ P  
Enclosure 



QUESTIONNAIRE 

Return to: 
Engineering Research Insti Cute 
382 Town Engineering Building 
Iowa State University 
Ames, Iowa 50011 

Concerning the use of certain types of stop control devices a t  school 

crossings in , the following information i s  

requested. 
Yes No 

Are portable (roll-out) stop signs used? a C] 
e 

Are changeable message stop signs used? I 3  0 
If yes, describe this type of sign. 

(Any additional information on your use of these signs will be appreciated.) 

If the answer to any of the above i s  yes, a more detailed questionnaire 

will be sent. To whom should i t  be addressed? 

Name 

Position 

Address 

Zip 

Questionnaire Completed by: 

Name (please print) 

Position 



Iowa State University of scimtc ond T~~hnoIosy Ames, lowso 5001 1 

Engineerin8 Research Institute 
College oFEnginecring 
382 Town Engineering Building 
Telephone: 5 15-294-6778 

June 20, 1977 

{To cities with questionnaire C1) 

In response t o  an e a r l i e r  inquiry, we were advised t h a t  
portable ( ro l l -ou t )  s top signs a r e  currently bejng used a t  school 
crossings in  your community. The enclosed questionnaire seeks 
fur ther  information on the use of these devices. Your cooperation 
in  completing and returning the  questionnaire will be most he1 pful 
t o  us i n  our research e f f o r t  t o  improve the sa fe ty  and convenience 
of pedestrian and vehicular movements in  Iowa. A prepaid envelope 
is enclosed fo r  your convenience. Thank you fo r  your cooperation. 

Sincerely yours, 

R .  L .  Carstens 
Professor of C i v i  1 Engineering 

RLC/db 

Enclosures 



Engtneering Research inxtitute 
College of Engineering 
382 Town Engineering Building 
Telephone: 515-294-6778 

July 11, 1977 

(To cities with questionnaire C1) 

We were informed by the Sheriff of your County t h a t  portable ( rol l -  
out) stop signs are currently used a t  school crossings i n  your community. 
The enclosed questionnaire seeks further information on the nature and 
extent of use of those devices. 

This inquiry i s  part of a study for the Iowa Department of Transpor- 
tation to evaluate the use of these signs. We are also to recommend the 
most appropriate course of action i n  view of the conflict between Iowa 
s ta te  law and federal standards regarding their use. Consequently, your 
response i s  important to us i n  our effort  to improve the safety and 
convenience of pedestrian and vehicular movements i n  Iowa. 

Please use'the enclosed prepaid envelope to return the questionnaire. 
Thank you for your cooperation. 

Sincerely yours, 

R .  L .  Carstens 
Professor of Civil Engineering 

RLC/db 

Enclosure 



QUESTIONNAIRE C1 

Return to: 

Engineering Research Ins t j t u t e  
382 Town Engineering B u i  1 ding 
Iowa State University 
Ames, Iowa 50011 

1. A t  how many school crossings a r e  portable s top signs in use? 

Immediate1 y adjacent to  school (number) 

Elsewhere on school routes 

Total crossings 

2 .  Time of use when school is i n  session? 

From t o  and from t o  and from 

3. Who places the portable signs? 

POI i ce  

Employee a t  school where located 

Other school system employee 

Other (explain) 

4. On what type(s) of routes a r e  portable signs used? 
Typical 

Yes No speed 1 imi t, mph 

U.S. and s t a t e  highways 

Other m j o r  routes 
13 

Less-travel ed routes 13 
5. Number of signs typical ly  used per crossing? 

CT] One 

6. Are warning signs typical ly  used i n  conjunction w i t h  a portable ( r o l l -  
out)  stop sign? 

CT] yes 

7. Are adul t  crossing guards normally used with any of the portable ( r o l l -  
out)  ston s isns  in your comnunity? 

(PI  ease complete reverse s ide)  



C 1  Continued 

8. Have problems a r i sen  because of misuse of portable ( ro l l -ou t )  s top signs 
a f t e r  school hours? 

[Zl Yes 
I f  yes, explain 

n lo 

9 .  Please express your opinion of the  use of portable ( ro l l -ou t )  s top signs 
a t  school crossings.  

a .  In general (check one) 

I 1 ike them 
I would l i k e  to see  be t t e r  devices for  school crossings 

b. Regarding accident experience (check one) 

3 I believe t ha t  they prevent accidents 

I believe t h a t  they have no e f f e c t  on accidents 

I believe t h a t  they possibly increase accidents 

c.  Regarding motorist observance when signs i n  use (check one only) a Most motorists s top 

A t  l e a s t  half  of the  motorists s top 

cl Fewer than half of the motorists s top 

U I don ' t  know 

Comments 

Questionnaire completed by: 

Name 

Position 

Address 

Z i p  



Iowa State University 01 scitncc and TCC~~OIOU 
C 

Eng~neering Research Institule 
College of Engineering 
382 Town Engineering Building 
Telephone: 515-294-6778 

June 20, 1977 

(To cities with questionnaire C2)  

In response to an earl ier  inquiry, we were advised t h a t  
portable (roll-out) stop signs, a1 though n o t  currently being used, 
were previously used a t  school crossings in your community. The 
enclosed questionnaire seeks further information on the use of 
these devices. Your cooperation in completing and returning the 
questionnaire will be most helpful to us in our research effor t  
to improve the safety and convenience of pedestrian and vehicular 
movements in Iowa. A prepaid envelope i s  enclosed for your 
convenience. Thank you for your cooperation. 

Sincerely yours, 

R. L .  Carstens 
Professor of Civil Engineering 

RLC/db 

Enclosures 



85 

QUESTIONNAIRE C2 

Return to: 

Engineering Research I n s t i t u t e  
382 Town Engineering Building 
Iowa S ta te  University 
Ames, Iowa 50011 

1.  A t  how many school crossings were portable s t o p  signs i n  use? 

Immediately adjacent t o  school (number) 

Elsewhere on school routes 

Total crossings 

2 .  Time of use when school was i n  session? 

From to  and from to  and from 

3. Who placed the  portable signs? 

Police 

6 Employee a t  school where located 

Other school system employee 

C] Other (explain) 

4. On what type(s)  of routes were portable signs used? 
Typical 

Yes No speed limit, mph 

U.S. and s t a t e  highways 

Other major routes 
n 

Less-travel ed routes l l  
5. Number of signs typical ly  used per crossings? 

One 

6. Were warning signs typ ica l ly  used i n  conjunction w i t h  a portable ( r o l l -  
ou t )  s top sign? 

[Zl yes O 
7. Were adul t  crossing guards normally used in  conjunction w i t h  any of the 

portable ( rol l -out)  s top  s igns  i n  your community? 

Yes 

(Please complete reverse s ide )  



C2 Continued 

8. Did problems arise because of misuse of portable (roll-out) stop signs 
af ter  school hours? 

[Zl Yes 

~f yes, explain 1 

9. Please express your opinion of the use of portable (roll-out) stop signs 1 
a t  school crossings . 

a .  In general (check one) I 
I 

[Zl I liked them 

I found them ineffective 
Explain 

i 

b. Regarding accident experience (check one) 

01 believe that they prevented accidents 

n I believe that they had no effect on accidents 

I believe t h a t  they probably increased accidents 

c .  Regarding motorist observance when signs were in use (check one) I 
1 n Most motorists s to~ued  . . B A ~  least  half of the motorists stopped 

Fewer than half of the motorists stopped 

I don ' t  know 

Comments 

10. Please explain why your community discontinued the use of portable (rol l-  
out) stop signs a t  school crossings? 

Questionnaire completed by: 

Name 
Position r 

Address 

Zip 



Iowa 

Engineering Research lnrtitrlte 
College of Engineering 
382 Town Engineering Building 
Telephone: SIJ;-ZWdl78 

June 20, 1977 

(To cities with questionnaire 63) 

In response to an earl ier  inquiry, we were advised t h a t  
certain non-standard stop signs are currently being used a t  
school crossings i n  your comnunity. These devices display a STOP 
message only during certain hours a f te r  which the sign i s  folded 
or rotated to change the message displayed to motorists. The 
enclosed questionnaire seeks further information on the use of 
these devices. Your cooperatton i n  completing and returning the 
questionnaire will be m s t  helpful to us i n  our research effor t  
to improve the safety and convenience of pedestrian and vehicular 
movements i n  Iowa. A prepaid envelope is enclosed for your 
convenience. Thank you for your cooperation. 

Sincerely yours, 

R.  L. Carstens 
Professor of Ci  vi 1 Engi neering 

RLC/db 

Enclosures 



Iowa State University J S ~ Z ~ C ~  md fichnok~gy A ~ ~ S .  ~ o w a  5001 1 

Engrneering Research Instilute 
College of Engineering 
382 Town Engineering Building 
Telephone: 515-294-6776 

July 11, 1977 

(TO cities with questionhaire C3) 

We were informed by the Sheriff of your County that certain non- 
standard stop signs are used a t  school crossings in your comnunity. 
These devices display a STOP message only during certain hours after  
which the s i g n  i s  folded or rotated to change the message displayed to 
motorists. The enclosed questionnaire seeks further information on the 
nature and extent of use of these devices. 

This  inquiry is part of a study for the Iowa Departm6nt of Trans- 
portation to evaluate the use of these signs. We are also to reconimend 
the most appropriate course of action i n  view of the conflict between 
Iowa s ta te  law and federal standards regarding their use. Consequently, 
your response i s  important to  us in our ef for t  to improve the safety 
and convenience of pedestrian and vehicular movements i n  Iowa. 

Please use the enclosed prepaid envelope to return the questionnaire. 
Thank you for your cooperation. 

Sincerely yoursp 

R. L. Carstens 
Professor of Civil Engineering 

RLC/db 

Enclosure 



Return to: 

Enginepri ng Research Inst j  tute 
382 Tow E ~ g f  neeri ng B u t  1 dl  ng 
Iowa State Universi ty 
Ames, Jowa 50011 

1 .  A t  how many school crossings are non-standard school stop signs in use? 
Immediately adjacept tp school (number) 
Sl sewhere on school roy tes 

Total crossings 

2 ,  Time of use when scbool 5s i n  session? 
From t o  and from to and from 

to  

3. Who changes the message on these signs? 
POI ice 

C] ~m~loyee  a t  school where located 
C] Other school system employee 
m o t h e r  (explain) 

4 .  On what typp(s) of routes are non-standard school stop s igns  used? 
Typical 

Yes No soeed 1 imit. moh 

U.S. and s ta te  raytes 
Other major routes 
Less-trayel ed routes 

5. Describe the type of sign being used (a sketch or drawing would be help- 
f u l  ) 

( P l e @ s ~  complete reverse side) 



C3 Continued 

6. Please express your opinion of the use of non-standard stop signs a t  
school crossings. 

a. In general (check one) 
01 like them 

0 1  would l ike to see a better device for school crossings 

b. Regarding accident experience (check one) 

I feel that  they prevent accidents nI feel that they have no effect on accidents 
I feel that  they probably increase accidents 

c. Regarding motorist observance when signs are in use (check one) 

0 ~ o s . t  motorists stop 
A t  least  half of the motorists stop 

Fewer than helf of the motorists stop 

q I don't know 

Comments 

Questionnaire completed by: - 
Name 

Position 
Address 

Zip 



and 

June 20, 1977 

(To cities with questionnaire C4) 

In respopse to an earl ier  inquiry, we were advised that 
certain non-standard stop signs, a1 though not i n  use currently, 
were previously used a t  school crossings 4 n  your comunity. 
These devices display a STOP message only du r ing  certain hours 
af ter  which the sign i s  folded or rotated to change the message 
displayed to motorists. The enclosed questionnaire seeks further 
information on the use of these devices. Your cooperation i n  
completing and returnjng the questionnaire will be mtst helpful 
to us i n  our research effort to improve the safety and convenience 
of pedestrian and vehicular movements i n  Iowa. A prepaid envelope 
is enclosed for your convenlc?nce, Thank you for your cooperation. 

Sincerely yours, 

R. L .  Carstens 
Professor of Civil Engineering 

RLC/db 

Enclosures 



QUESTIONNAIRE C4 

Return to: 

Engineering Research Inst i tute 
382 Town Engineering Building 
Iowa State University 
Ames, Iowa 5001 1 

1 .  A t  how many school crossings were non-standard school stop signs in use? 

Immediately adjacent t o  school (number) 

Elsewhere on school routes 
Total crossings 

2.  Time of use when school was in session? 

From to and from to and from 

to 

3. Who changed the message on these signs? 

C] Police 

[I] Employee a t  school where located 
I 
I 

C] Other school system employee 

Other (explain) I 
4. On what type(s) of routes were non-standard school stop signs used? 

Typical 
Yes No speed limit,  mph 

U.S. and s ta te  highways 

Other Major routes 

Less-travel ed routes 

[I] B I 

I 
5. Describe the type of sign that was used (a sketch or drawing would be 1 

he1 pf ul ) i 

I 
(Please complete reverse side) 

i 



C4 Continued 

Please express your opinion of the use of non-standard stop signs a t  
school crossings. 

a. In general (check one) 
[ZII liked them 
0 1  found them ineffective 

Explain 

b. Regarding accident experience (check one) 
0 1  f e l t  that they prevented accidents 
01 f e l t  that they had no effect on accidents 
01 f e l t  that  they probably increased accidents 

c. Regarding motorist observance when signs were i n  use (check one) 
n ~ o s t  motorists stopped 

0 A t  least  half of the motorists stopped 
Fewer than half of the motorists stopped 
I don't know 

Comments 

7. Please explain why your community discontinued the use of non-standard 
stop signs a t  school crossings. 

Questionnaire completed by: 
Name 
Position 
Address 



Engineering Reuear~h institute 
College of Engineering 
382 Town Engineering Building 
Telephone: 5 15-2944778 

June 20, 1977 

(To c i t ies  w i t h  q u e s t i o n n a i r e  C1, C3) 

In response to an earl ier  inquiry, we were advised that  both 
portable (roll-out) stop signs and other signs that  fold or  rotate 
so as to display a STOP message only during certain hours are  
currently being used a t  school crossings in your comuni ty. We 
consequently have enclosed two questionnaires, one covering each 
type of device, in order to obtain further informtion on their  use. 
Questionnaire C 1  pertains to portable (roll-out) stops signs and 
Questionnaire C3 to other non-standard stop signs. Your cooper- 
ation i n  completing and returning both questionnaires will be most 
helpful to us i n  our research effor t  to improve the safety and 
convenience of pedestrian and vehicular movements i n  Iowa. A 
prepaid envelope is enclosed for your convenience. Thank you for 
your cooperation. 

Sincerely yours, 

R. L. Carstens 
Professor of C i  v i  1 Engineering 

RLC/db 

Enclosures 



IOW State University airnu a l 7 c c h n o l o ~  A P ~ ~ s .  JUW~ SWII 

Engineering Research institute 
College of En~ineering 
382 Town En(Jineedng Building 
Telephone: 51 5-294.6778 

July 11, 1977 

(To cities with questionnaires C1, C3) 

We were informed by the Sher i f f  o f  your County tha t  both portable 
( ro l l - ou t )  stop signs and other non-standard signs that  f o l d  o r  r o t a t e  
so as t o  display a STOP wssage only dur ing cer ta in  hours are used a t  
school crossings i n  your c o m n i t y .  The enclosed questionnaires seek 
further informat ion on the nature and extent o f  use o f  these devices. 
Note t h a t  Questionnaire C1 pertains t o  the portable ( ro l l - ou t )  stop 
signs and Questionnaire C3 t o  the other  nonastandard stop signs* 

This I nqu i r y  i s  pa r t  o f  a study f o r t h e  Iowa bepakt~nent o f  Trans- 
por ta t ion t o  evaluate the use o f  these signs. We are 'a lso  t o  recommend 
the  most. appropriate course o f  ac t ion  i n  view o f  the c o n f l i c t  between 
Iowa s ta te  law and federal standards regarding t h e i r  use. Consequently, 
your response i s  important t o  us i n  our e f f o r t  t o  impro,ve: the safety  
and convenience o f  pedestr ianand vehicular wvements i n  Iowa.., 

Please use the enclosed prepaid envelope t o  re tu rn  the question- 
naires. Thank you f o r  your cooperation. 

Sincerely yours, 

R. L. Carstens 
Professor o f  C i v i l  Engineering 

RLC/db 

Enclosures 



Iowa state university 
., 

, . . '  . . . : : (  

oR$i$+ce . .  . and 
,., . <,. 

Engineering Research lnscitule 
College of Engineering 
382 TGwn Engineering Building 
Telephone: 515-294-6778 
June 20, 1977 

(To cities with questionnaires C1, C4) 

I n  response t o  an e a r l i e r  inquiry,  we were advised t h a t  
portable ( ro l l - ou t )  stop signs are cur ren t l y  being used and t h a t  
cer ta in  non-standard stop signs were previously used a t  school 
crossings 4n your community. The l a t t e r  devices display a STOP 
message only during cer ta in  hours and are fo lded o r  ro ta ted SO as 
to change the message displayed to motorists. We consequently 
have enclosed two questlonnaires, one covering each type of device, 
i n  order t o  obta in  f u r t he r  informat ion on t h e i r  use. Questfonnaire 
Cl pertains t o  the portable ( r o l l - o u t )  stop signs and Questionnaire 
C4 t o  other non-standard stop signs. Your cooperation f n  completing 
and return ing both questionnaires w i l l  be most he lp fu l  to us i n  our 
research e f f o r t  t o  improve the safety  and convenience of pedestrian 
and vehicular movements i n  Iowa. A prepaid envelope i s  enclosed 
f o r  your convenience. Thank you f o r  your cooperation. 

Sincerely yours, 

R. L. Carstens 
Professor o f  C i v i  1 Engineering 

RLC/db 

Enclosures 



,< 

Enginecrinkg Reesearch tnstitrds 
College of Engineering 
382 Town Engineering Building 
Telephone: SO5-2946n8 

June 21, 1977 

(To c i t ies  with questionnaires C2, C3) 

In response to an ear l ier  inquiry, we were advised that portable 
(rol 1-out) stop signs were 'previous1:y used 'and that other signs that  
fold or rotate se a$ to' dis@lay a STOP ds'sage' tinly during Ce~ta in  
hours are currently being used a t  school cwsSings i n  your cc$nhunity. 
We'consequently have enclosed tw q~estionnalbes, one coCering.each 
type o f  device, in order to obtai'n further fh fomt ion  oh. t%eiF use. 
Questionnaire C2 pertains to portable (roll-but)' stops i igns '  and 
Questionnaire C3 to bDher non-standard stop si'@s. Your cooperation 
i n  completing and returning both q~estionnair&$~will be most helpful 
to us i n  our research effor t  to improve, t h e  Safety and conveni.ence 
of pedestrian and vehicular maveme'nts i n  Iowa. A prepaid envelope 
is enclosed. for your con,uenience. Thank yokfor  your coo~eralion. 

! . '  , ~ . . 

Sincerely yours, 

R .  L o  Carstens 
Professor oT Civil Engineering 

RLC/db 

Enclosures 



. J , .  ( 

& h c a  and Ticknology Iowa state university ,d:;;!;,,,, 
,I , 

. , Engineerin8 Research lnntitute 
College of Engineering 
382 Town Engineering Building 
Telephone: 515-294-6778 

June 21, 1977 

(To cities with questionnaires C2, C4) 

Inresponse t o  an e a r l i e r  inquiry, we were advised t h a t  por t -  
able ( r o l l  -out) ' stop signs and other non-standard s tops st gns, 
although n o t  cur ren t l y  bejng used, have.both prevSousJy. been used 
a t  school crossings. i n  your c o ~ u n i  t y  . . The l a t t e r  devices display 
a STOP message on ly  dur ing ce r ta in  hours and a r e  folded .or ro ta ted 
t o  change the message drlsplayed t o  motorists., We consequently 
have enclosed two ques$ionnaires, one covering each. type o f  device, 
i n  order t o  obta in  f u r t he r  information on t h e i r  use. Questionnaire 
C2 pertains t o  portable ( . ro l l -out)  stop signs and Questionnaire C4 
t o  other non-standard stop signs. Your cooperation i n  completing 
and return ing both questionnaires w i l l  be twit he lp fu l  t o  us i n  
our research e f f o r t  t o  'improve the safety and convenience of 
pedestrian' and vehicular movements i n  Iowa. A prepaid envelope i s  
enclosed f o r  your convenience. Thank you f o r  your cooperation. 

Sincerely yours, 

R. L. Carstens 
Professor o f  C i v i l  Engineering 

RLCIdb 

Enclosures 



Iowa State Technology 

? 

Engineering Weserrch lnstitutr 
Cdiege of Engineering 
382 Town Engineering Building 
Telephone: 513-2'44-6778 

(Follow-up questionnaire to counhy sheriffs) 

This i s  a follow-up on my l e t t e r  of June 16 requesting your assis- 
tance i n  our research on the use of portable (roll-out) stop signs or 
other non-uniform stop control devices a t  school crossings. Since 
sending that l e t t e r ,  we have received responses from over 60 percent of 
the c i t i es  i n  Iowa as well as from a majority of County Sheriffs. 
Consequently we are now ab'le to focus our concern on relatively few 
incorporated places. 

The attached questionnaire l i s t s  specific communities i n  your 
county that have not responded to our injtSal inquiry. Please indicate 
on the questionnaire whether ei ther  portable (roll-out) stop signs or 
other devices that rotate or  fold so as to display a STOP message only 
a t  certain times are used a t  school crossSngs i n  these communities. An 
indication of the use of these devices i n  rural areas is also requested. 

Please complete the questionnaire and return i t  to us i n  the en- 
closed prepaid envelope. We need your response even i f  none of these 
devices are  i n  use. Thank you for your assistance. 

Sincerely Yours 

R.  L .  Carstens 
Professor of C i  vi I Engineering 

RLC/db 

Enclosure 



QUESTIONNAIRE 

Return t o  (o r  use the enclose'd prepaid envelope): 

Engineering Research I n s t i t u t e  
382 Town Engineering Bui 1 ding 
Iowa State Univers i ty  
Ames, Iowa 5001 1 

Concerning the use o f  cer ta in  types o f  stop control  devices i n  I 

County, please ind icate the use o f  these devices a t  school crossings i n  i 
i 

the fo l lowing locat ions:  i 

Location 

Rural areas 

Are portable Are other types 
( r o l l  -out) stop o f  stop control  I 

signs used? devices used? / 

Yes 

n 
n 
C3 
111 
CI 

(2) 

Yes No 

0 (1) 

(1) 

El (1) 

(1)  Please describe the type o f  s ign 

I 

(2) Please ind icate ru ra l  locat ions I 

Questionnaire completed by 

Name 

Posi t ion 



APPENDIX B 

SUMMARY OF QUESTIONNAIRE 
RESPONSES FROM CITIES IN IOWA 



SUMMARY OF QUESTIONNAIRE RESPONSES 
FROM CITIES I N  EOWA 

Quest ionnaire  C l  was d i r e c t e d  t o  c i t i e s  c u r r e n t l y  us ing  po r t ab le  

( ro l l -ou t )  s t o p  s i g n s  (239 t o t a l  responses) .  

An average of 2.83 l o c a t i o n s  per  community had these  devices ,  

2.03 adjacent  t o  a school  and 0.80 elsewhere on school  routes .  

Usage v a r i e d  from an average of 9.05 pe r  c i t y  wi th  over 10,000 

populat ion t o  1.54 l o c a t i o n s  i n  c i t i e s  having fewer than 1,000 

inhab i t an t s .  

The frequency of usage was a s  follows: 

Number of 
t imeslday 

Number Average 
of c i t i e s  du ra t ion ,  hr  

Not repor ted  o r  
indeterminate 24 - - - 
Tota l  239 3.17 

e Placement of t h e s e  s i g n s  was e f f ec t ed  by an employee a t  t h e  

school  i n  64.4 percent  of t h e  communities and l e s s  f r equen t ly  

by t h e  po l i ce ,  a n  employee of t h e  c i t y ,  a s tuden t ,  a p r i v a t e  

c i t i z e n ,  an employee of a school  system, o r  a c ross ing  guard. 

Of t h e  uses  r epor t ed ,  41.8 percent  were on primary highways. 

Speed l i m i t s  on these  r o u t e s  were predominantly 25 mph (53.6 

percent ) ,  but  va r i ed  from 15 mph t o  45 mph. 

e 81.2 percent  of t h e  respondents used only one po r t ab le  s i g n  

per  c ross ing .  



e 51.1 percent used warning s igns  i n  advance of a stop sign. 

e 14.8 percent used crossing guards (adul t  or school patrol) .  

Usage of guards varied from 31.6 percent (6 of 19) i n  c i t i e s  

with over 10,000 population t o  6.9 percent (7 of 102) i n  

c i t i e s  with l e s s  than 1,000 population. 

s 82.4 percent of the respondents reported no problems due t o  

misuse of portable stop signs a f t e r  school hours. Most fre- 

quently mentioned a s  problems were vandalism or  unauthorized 

placement. 

e Opinions expressed on the  questionnaires indicated t ha t  59.6 

percent of the respondents (130 of 218 who expressed an opinion) 

l iked  portable s top s igns ,  and 40.4 percent would l i k e  t o  see 

b e t t e r  devices for  school crossings. An addit ional 21 respon- 

dents did not express an opinion. The proportion desiring some- 

thing b e t t e r  among c i t i e s  responding t o  t h i s  question varied 

from 66.7 percent (12 of 18) fo r  c i t i e s  with over 10,000 popu- 

l a t i on ,  t o  16.7 percent (2 t o  12) fo r  c i t i e s  with populations 

from 5,000 t o  9,999. 

s 89.3 percent of the  respondents expressing an opinion (193 of 

224) believed tha t  portable signs prevented accidents, 8.0 percent 

believed tha t  they had no e f f ec t  on accidents,  and 2.7 percent 

believed tha t  they increased accidents. There were no s ign i f i -  

can dif ferences  i n  responses among s i ze s  of c i t i e s  responding. 

e 94.1 percent (208 of 221) expressed an opinion tha t  most motor- 

ists stopped a t  portable s top signs, 5.4 percent f e l t  t ha t  a t  

l e a s t  half stopped, and one respondent (0.5 percent) believed 

tha t  fewer than half stopped. 



0 52 of the  respondents (21.8 percent) expressed a fur ther  

comment. 19 s ta ted tha t  they would l i k e  something be t te r ,  

16 re i te ra ted  a previously expressed favorable opinion, 10 
i 
I 

defined shortcomings, 5 s ta ted the i r  belief  tha t  portable signs 

were e f fec t ive  when used with a crossing guard, and 2 explained I 

i 
t ha t  they used the signs i n  conjunction with flashing l igh ts .  

I 
Questionnaire C2 was directed t o  c i t i e s  tha t  discontinued use of por- 1 

t able  (roll-out) stop signs (53 t o t a l  responses). Except as  pointed 

out below, the proportions of various responses were very similar t o  I 
those received for  questionnaire C 1  from c i t i e s  currently using portable 1 

I 
s top signs. 

o Average use of portable signs, by 50 c i t i e s  responding t o  t h i s  

question, was 4.20 signs per community; 3.40 were adjacent t o  

a school. 

24.0 percent used warning signs i n  advance of the stop signs. 

e Reasons given for  discontinuance of portable signs included the 

following (including multiple responses): 

e 10 stopped use when a school was closed. 

0 15 replaced them with another form of control ,  e i t he r  

permanent stop signs, f lashing l i gh t s ,  or a crossing 

guard. 

0 6 removed them when a highway location or  the location 

of a school bus stop changed. 

0 8 ceased t o  use roll-out signs because of the i r  lack of 

conformity with provisions of the MUTCD. 



s 9 expressed specific problems relating to their use 

including maintenance, vandalism, and rolling stops. 

e 9 indicated rather general objections to portable stop 

signs. 

s Use was discontinued in I city in response to a 

petition f r m  the people, 

Questionnaire C3 was directed to cities currently using other non- 

uniform stop control devices at school crossings (37 total responses). 

@ Average use of these devices was reported as 6.03 per city; 

4.82 were adjacent to a school and 1.21 were elsewhere. The 

average total varied from 1.64 in the smallest class of city 

size to 16.67 per city in the largest population class. 

e Frequency and duration of use were reported as follows: 

Number of 
timeslday 

Number Average 
of cities duration, hr 

Not reported or 
indeterminate 4 - - - 
Total 37 3.77 

e 75.7 percent of the communities reported that an employee at 

a school effectuated the devices at or near that school. 

e The most common use of this type of device (in 63.6 percent of 

the communities answering this question) was reported on less 

traveled routes, with only 22.9 percent reporting any use on 

primary highways. Speed limits on streets where these devices 

were used were predominantly 25 mph. 



e 18 c i t i e s  used s i g n s  t h a t  f o l d ,  11 c i t i e s  used s i g n s  t h a t  

r o t a t e ,  2 c i t i e s  used f l a s h i n g  l i g h t s  only,  and 6 c i t i e s  

e i t h e r  d id  not  answer Question 5 o r  gave ion-responsive 

answers. 

e Of the  respondents who expressed an opinion, 72.7 percent  (24 

of 33) l i k e d  t h e  temporary devices and 27.3 percent  would l i k e  

t o  see a b e t t e r  device f o r  school c ross ings .  2 respondents 

marked both answers and 2 o the r s  d id  no t  answer Quest ion 6a. 

33 of 34 respondents  (97.1 percent)  t o  Question 6b f e l t  t h a t  

t he  temporary devices  serve  t o  reduce acc idents .  The o the r  

respondent f e l t  t h a t  they had no e f f e c t  on acc idents .  

Responses t o  Question 6c, excluding those who d id  not  reply ,  

were as follows: 32 (94.1 percent)  bel ieved t h a t  most moto r i s t s  

s top ,  and 1 each bel ieved t h a t  a t  l e a s t  ha l f  s t o p  o r  answered 

"don't know." 

a 18 of t h e  respondents (48.6 percent)  added a d d i t i o n a l  comments. 

These gene ra l ly  r e i t e r a t e d  o r  expanded upon answers previously 

given. 8 responses expressed misgivings about non-uniform 

devices and mentioned less than complete obedience (4 responses) ,  

l ack  of v i s i b i l i t y  (3 responses),  o r  s i g n s  being turned by the  

wind o r  by c h i l d r e n  ( 1  response).  

Questionnaire C4 was d i r e c t e d  t o  c i t i e s  t h a t  have discontinued use of 

o ther  non-uniform school  s t o p  c o n t r o l  devices (10 t o t a l  responses) .  

Because of t h e  small  sample s i z e ,  no genera l  a n a l y s i s  of these  responses 

w i l l  be repor ted .  However, t h e  following opinions a r e  of p a r t i c u l a r  

i n t e r e s t :  



m More than half of the respondents (5 of 9) who answered 

Question 6a found the devices ineffect ive.  

m 4 respondents (of 9) answering Question 6b f e l t  that  these 

devices had no e f fec t  on accidents, 4 f e l t  that  they prevented 

accidents, and one f e l t  that  they probably increased accidents, 

e Comments were received from 7 respondents. Two of these 

i n s t a l l a t i ons  were replaced with full-time control ,  s ignals  

i n  one c i t y  and a four-way stop i n  the other. One respondent 

commented tha t  the signs were i l l e g a l .  Other comments re i te ra ted  

or  expanded upon answers given previously. 



APPENDIX C 

FIELD SURVEY LOCATIONS 



Table C-1. Field survey locations. 

city 
(Iowa DOT 

Number District) 

Type of Type of 
1970 device location 

Street location population (1) (2) 

1- 1 Adel U.S. 6-S. 14th St. 2,419 1 X 1 
(4) 

Ontario Rd.-Arizona Ave. 39,505 1 X 
20th St.-Northwestern Ave. 1 X I 

3- 1 Arms trong Ia. 15-4th Ave. 1,061 2 X 
(2) I 

! 
4- 1 Audubon South St.-Tracy St. 2,907 2 X 

(4) 

5- 1 Bloomfield W. Jefferson St.-Columbia St. 2,718 1 X 
(5) 

6- 1 Clinton N. 5th Ave.-N. 4th St. 34,719 2 X1 
6- 2 (6) 2nd Ave. Rd.-Thorwaldsen P1. 2 T 

7- 1 Council Bluffs C Ave.-N. 32nd St. 
7- 2 (4) 6th Ave.-S. 34th St. 

8- 1 Donnelson U.S. 218-Orchard St. 798 1 X 
(5) 

Dubuque 
(6) 

Farragut 
(4) 

Garner 
(2) 

Greenfield 
(4) 

Grinnell 
(1) 

Hawarden 
(3) 

Co. M16-Washington St. 

8th St.-Bush Ave. 

Ia. 92-SW. 2nd St. 
NW. Elm St.-NW. 2nd St. 

8th Ave.-Reed St. 
Washington Ave.-Broad St. 

13th St.-H Ave. 

15- 1 Hinton U.S. 75-Main St. 488 1 X 
(3) ! 

16- 1 Indianola S. 1st-E. 3rd Ave. 8,976 2 XU I 

16- 2 (5) N. Buxton St.-Clinton Ave. 2 X1 
16- 3 N. 9th St. 2 M I 
17- 1 Lake City Wnodlawn %.-North St. 1,910 1 X 

(3) 
I 

18- 1 Lenox N. Maple St.-W. Michigan St. 1,215 2 X 
18- 2 (4) N. Maple St.-W. Ohio St. 2 X I 
19- 1 Malvern Co. L63-1st St. 1,158 1 T 

( 4 )  j 

20- 1 Mason City 12th St. NW.-N. Madison Ave. 31,839 1 T 
20- 2 (2) 9th St. NW.-N. Monroe Ave. 1 X 

I 

21- 1 Maxwell 5th St.-Maxwell St. 758 1 X 
(1) 

22- 1 Mount Pleasant W. Henry St.-N. White St. 7,007 2 X 
(5) I 
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Table C-1. (Continued.) 

city 

I 
(Iowa DOT 

Number District) 

Type of Type of 
1970 device location 

Street location population (1) (2) 

23- 1 Newton N. 19th St. E. 15,619 2 
(1) 

24- 1 Norwalk 
24- 2 ( 5 )  
24- 3 

Main St .-Schaol Ave. 
Cherry St.-North Ave. 
Ia. 28-Main St. 

25- 1 Orange City 2nd St. SW.-Delaware Ave. SW. 3,572 2 
(3) 

Cottage St. 

8th St.-7th Ave. 
7th St.-6th Ave. 

28- 1 Solon 
28- 2 (6) 

Ia. 382-N. Chabal 
Ia. 1-E. 1st. 

29- 1 Spencer 
29- 2 (3) 
29- 3 

4th Ave. W.-W. 3rd St. 
4th Ave. W.-W. 4th St. 
4th Ave. E.-E. 11th St. 
5th Ave. E.-E. 16th St. 

30- 1 Thornton Ia. 107-5th St. N. 4 10 2 X 
(2) 

31- 1 Vinton 4th Ave.-5th St. E. 
31- 2 (6) D Ave.-8th St. W. 

32- 1 Waterloo SMSA. Easton Ave.-Oregon St. 
32- 2 incl. Cedar 7th St.-Washington St. 
32- 3 Falls W. 4th St.-Angle Dr. 

12) 

33- 1 Webstet City Des Moines St.-Ode11 S t .  
33- 2 (1) Walnut St. 

(1) Type of device: 1 - portable (roll-out) stop sign 
2 - other non-uniform school stop control device 

(2) Type of location: X - four-way intereeceion, two-way traffic 
XI - four-way intersection, one-way traffic on major street 
XU - four-way intersection normally with no stop conerol 
T - tee intersection 
M - mid-block crossing 
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SCHOOL STOP PROJECT 

SURVEY DATA SHEET 
1 

Date: Town : Population: 

Location: 

Nearby School: K. E.S. J.H. S.H. 

Weather Condition: Clear, Cloudy, Rain, 

Snow, Sleet, Fog, Mist 

Surface Type: 

Surface Condition: Dry, Wet, Snow, 

Ice, Mud 

Marking Condition: Good, Fair, Poor 

Control Type: Rollout Stop Sign, 

Crossing Guard, Other 

I 
No. of Lanes: 

I 

(major s t ree t ) :  

(mi nor s t ree t )  : 
I 
I 

Approach Visibility: I 

Parking Restrictions: 1 

Width of Stop Line: 
Type of Crosswalk: I 

Time of Use: Comnts : 
Road Classification: 

Speed Limi t: Posted, None I 
I 
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CORRELATION MATRIX FOR 
REGRESSION VARIABLES 
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APPENDIX F 

TYPICAL STANDARD FOR PORTABLE SCHOOL 
CROSSING STOP SIGN 



TYPICAL STANDARD FOR PORTABLE 
SCHOOL CROSSING STOP SIGN 

- - -  

!3TANDARD 30" STOP SI 

Approximate Wright.-Cast Iron l3a~r---40 I'c~ttnels. 
Wl~(vl Fratnc to t)r Conrtrirctrrl of 'I'hr(v l'it.t!c's of 1 'x2" Channrl Iron. 

Thr 10' Mrt111)er cut t o  fit Contor~r of il:wc,. 
Matrrial Required: 

1-30" Stanctard Stop Sign: 1 Pc. ?dW Pip[! 5" 1,ong; 
1 l'e. 1%" Pipe 5'4" 1,ong; 2?4'x?.;r' I.ong Iloltx wit.h Nuts; 
4 l'ea. s'x12' Long Itolis; 1 I'c. I "x'LUxl'4' Iang allti 2 Pc:n. l"x2"x5" Channel Iron; 
2-8'x1.75' Whrels with Axles to Suit: I-(!i~xt Iron 13axc 1'7' Diameter. 

Scale: 26 Inch = 1 1nc.h 




