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Dallas Traffic-Survey Methods and Cost Analysis

H. P. STOCKTON, JR., Texas Highway Planning Survey

Texas Highway Department

The rapid growth in population of the metropolitan area of Dallas, with the cor-
responding growth in the traffic of the area, has resulted in the need for infor-
mation to guide planning for immediate relief and future development. In 1950
and 1951 a comprehensive traffic survey embracing both external and internal
traffic surveys of the 215-s8q. -mi. metropolitan area supplemented by external
origin-and-destination surveys at six outlying incorporated cities, and a parking
survey of the central business district of Dallas was undertaken by the city and
the state in cooperation with the Bureau of Public Roads. Current land-use data

were obtained while selecting the internal sample.

Provision was made for recording detailed costs expressed in work units ap-
plicable to future projects of this nature. A brief description of the methods
used in the survey with recorded unit and total cost data are expressed.

Application of the findings in the solution of the traffic problem are outlined.
Land-use data found a place in planning for future traffic development.

@® DURING the latter part of 1950 and
early 1951, comprehensive traffic and
parking surveys were made in the Dallas
metropolitan area. In January 1951 a
progress report on these surveys was pre-
sented to the Highway Research Board by
D. K. Shepard. This paper is a final re-
port, treating of the methods employed in
the surveys and devoting major attention to
the cost analysis of the project with the
thought of furnishing data which may be used
for planning and estimating similar under-
takings.

Dallas, like many other cities, emerged
from the wartime suspension of major
street and highway improvements with the
realization that drastic and immediate
action was advisable toprovide for the for-
mation of a new and modern master plan.

By 1950, Dallas had exceeded both the
population and vehicle registrations pre-
dicted for 1970. The population had in-
creased from 295,000 persons in 1940 to
over 430,000 persons in 1950. The area of
the city proper had been extended from 50
sq. mi. in 1944 to 122 sq.mi. in 1950, with
other annexations planned tobringthe area
to more than 150 sq. mi. in 1951.

To be able to formulatea new and mod-
ern master plan providing for the existing
traffic volumes and to be able toplan wisely
for future growth, it was evident that cur-
rent and comprehensive traffic data were

needed. The selection of an east-west
expressway route was being studied, and
this fact added further impetus to the de-
mand for the data. With these demands in
mind, the City of Dallas requested and
received the cooperation of Dallas County,
the Texas Highway Department, and the
Bureau of Public Roads in a traffic survey
of the entire metropolitan area.

In preliminary conferences, represen-
tatives of the Bureau of Public Roads, Texas
Highway Department, and the Countyand
City of Dallas outlined the scope of the
survey. The extent of the survey was
limited to the estimated cost of $100,000,
and all available cost data were brought
into use to outline a project which would
provide the greatest value within this
limit. The need of more extensive cost
data was apparent, and it is the intent of
this paper to place the information gained
in form for such use.

The metropolitan area selected included
an area of 215 sq. mi. with a population of
517,035. The area included nine incor-
porated cities which are completely sur-
rounded by the Dallas incorporation.

In addition to this coverage of the met-
ropolitan area, external origin-destination
surveys were conducted at six outlying
incorporated cities to obtain data for a
county-wide, major thoroughfare plan to
supplement the Dallas thoroughfare plan.



The population covered inthe survey was
517,035 persons in the internal survey and
20, 066 persons in the outlying communities,
or a total of 537,101 persons - 88 percent
of the total population of Dallas County.

The administration of the survey was
assigned to the Traffic Section of the High-
way Planning Survey, which organization
furnished personnel to serve as project
manager; supervisors of internal, external,
and parking surveys; and chief accountant.

All other personnel were employed lo-
cally or borrowed from various city depart-
ments. For various phases of the opera-
tions, the city traffic engineer and city
plan engmneer assigned personnel to the
survey; however, the unit cost records
given 1n this report reflect this expense
based on regular rates of payfor each item
of work accomplished. Such personnel as
the city furnished free of cost to the project
are also reflected in the unit costs at the
rates of pay charged for similar work.

The rates of pay for personnel were as
follows: $1 per hour for interviewers,
samplers, office clerks and coders; $1. 25
to $1. 50 per hour for crewleaders; super-
visors for each phase of the survey were
paid on a monthly rate at $225 to $250 per
month. In general all personnel, other
than supervisory, were obtained from the
Texas Employment Commission. One
exception to this was the manner of ob-
taining home interviewers. Contact was
made with district census director, who
furnished a list of names of the census
enumerators in the census which had just
been completed. Excellent personnel were
obtained by this method.

A detailed accounting system was estab-
lished to be able to determine actual costs
and man-hour requirements for each unit
of all phases of the survey. Time slips
showing actual man-hours used on each
phase of the work were submitted daily
by each supervisor. These costs, along
with material and supply costs, were posted
to each operation daily using a control
ledger system and accounts journal. This
not only kept an accurate record of costs
and man-hours for final reports, but made
possible periodic summaries of accumu-
lated costs for each unit of operation. The
costs reflected include administration and
administrative overhead of the field office
and field operation. They do not include
administrative costs of the higher echelon
and should be so interpreted. Excellent

weather conditions throughout the period
of the field survey served to hold costs to
a minimum.

Office space was available for 60 people,
and this space was used to the maximum
during the peak period of operations.

THE SURVEY

The study was divided into three phases:
(1) the internal survey, consisting of (a)
sampling, with related land use, (b) home
interviews, (c) truck nterviews, and (d)
taxi interviews: (2) the external survey;
and (3) the parking survey.

TABLE |

DALLAS METROPOLTTAN AREA TRAFFIC SURVEY
COST REPORT SUMMARY - MAY 1, 1952

Total Total

Man Project

Hours Costs
ADMINISTRATICN 792 $ 1157k 22
EXTERNAL SURVEY 14323 17183 82
INTERNAL SURVEY 25080 27T 17
O & D REPORT 3429 6920 62
DALLAS COURTY O & D 3392 4347 89
PARKING SURVEY 21189 29585 45
GRAND TOTAL 75605 $ 97326 17

INTERNAL SURVEY
Sampling

A 5-percent sample of dwelling units
was used for the entire metropolitan area.
In selecting the sample, it was found that
the Sanborn maps, in addition to being ob-
solete, covered a very small portion of the
area tobe surveyed. The City Plan Depart-
ment hadavailable land-use maps drawn to
scale 1 in. to 400 ft. which had been main-
tained approximately up to date. It was de-
termined that the most-accurate way of ob-
tamning a sample was touse these land-use
maps as a guide and actually travel in the
field, checking the land-use maps against
actual land use, and at the same time,
bringing the maps up to date by notations
relative to new occupancy or abandonment
of dwelling units or other structures in the
area. The samples were selected by two-
man teams in automobiles. The driver
called the type of occupancy of each dwell-
ing to his recorder, who made the proper
notations on the map. The driver kept
count of the total dwelling units and called
the house number of the sample to his




recorder, who recorded the addresses of
the samples on a form provided for this
purpose. In this manner, the sample was
selected in every instance from a field
inspection, and the City Plan Department,
at the same time, obtained data for an up-
to-date land-use map not only of Dallas
but of the entire metropolitan area.

sample selection required 3, 786 man-hours
at a total cost of $4,509.80. The unit cost
of sample selection was 52 cents per sam-
ple for field work and 17 cents for mapping
and supplies, or a total of 69 cents per
sample.

It is believed that the value of the cur-
rent land-use information for both present

TABLE 2

DALLAS METROPOLITAN AREA TRAFFIC SURVEY

ADMINISTRATIVE COST DATA

2 / Total
Date Date -~ Man Total
ADMINISTRATION Started Completed Hours Costs
OFFICE OPERATIONS
Supervision 10-2-50 3-7-51 1617 $ 4564.88
Accounting 10-2-50 12-1-51 1100 1343.45
Clerical 10-2-50 3-7-51 1118 1246.78
Typing 10-22-50 3-1-51 500 500.00
Drafting 11-12-50 3-3-51 237 265.41
Office Supplies - 603.15
Postage & Freight - 108.92
Office Equipment Rental - 420.00
Total Office Operations 4572 9052.59
OFFICE BUILDING MAINTENANCE
Labor I/ 10-3-50 3-7-51 2620 190k.30
Supplies - 113.77
Utilities - 503.56
Total Office Bldg. Maintenance 2620 2521.63
TOTAL ADMINISTRATION 7192 1157h.22

1/ Night Watchmen and Janitor Service.

2/ Dallas Field Office only.

For this phase of the work the City Plan
Department and Traffic Control Depart-
ment furnished the original personnel to
train new men as they were employed. At
the peak of this activity seven crews were
in the field. It was found that careful se-
lection of personnel for this work was vi-
tally important and required men with good
educational background and a thorough
knowledge of the city.

The preparation of numerous base maps
necessary for this work required 1,081
man-hours at a cost of $1,425.01. This
cost included map reproduction and sup-
plies. In addition, the actual field work of

and future planning will be well worth the
additional cost, for with these data it will
be possible to expand trip information by
areas as these areas develop.

In the Truck Study a 10-percent sample
of alltrucks registered and operated within
the metropolitan area was selected from the
state's motor-vehicle-registration records.
A totalof 2,519 truck samples required 286
man-hours at a unit cost of 12 cents per
sample.

A 20-percent sample of all taxis oper-
ating in the area was selected from taxi-
company records. This required only 10
man-hours and cost 13 cents per sample.
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Interviewing

Trip information involving all modes of
transportation for each member of the
household over 5 yr. of age was obtained
at each dwelling unit selected for the sam-
ple. Supervisors with crews of 10 inter-
viewers were assigned to census tracts
and each tract was completed, except for
call backs, before movinginto a new area.
Call backs were assigned to one inter-
viewer with a car.

The use of censustracts as subareas for

dwelling-unit interviews proved well worth-
while for checking purposes. As soon as a
tract was completed, summary data were
expanded and compared with pertinent cen-
sus data.

Interviewers were schooled for 2 days
before starting actual field work. Excel-
lent publicity was obtained through news-
papers and radio and television stations.
Letters explainingthe purpose of the study
were sent to occupants of all dwelling units
selected as samples, as well as to truck
owners and taxicab operators.

TABLE 3

DALLAS METRGPOLITAN AREA TRAFFIC SURVEY

INTERRAL STUDY
UNIT COST DATA

Units of Total UNIT
Date Date Work Man Total cosT
INTERNAL SURVEY Started Completed Accomplighed Hours Cost Field Total
2
MAP PREPARATIGN 10-9-50 2-3-51 - 1081 $1%25 00" | 8 - $ -
SAMPLING
1

Dwelling Units 10-9-50 1-12-51 8621 3786 bso9 8o - 523

Trucks 12-7-50 1-9-51 2519 286 309 bs - 123

Taxie 2.3-51 2-10-51 82 10 11 00 - .134

Total Sampling 11222 Lo81 1830 25 - k3o
IRTERVIEWING

Dwelling Units - Office 11-6-50 2-3-51 - 1406 2bho 37 - -

Dwelling Units - Fleld 11-6-50 1-15-51 8086 949 8742 95 1 081 1 363

Prucks - Office 1-7-51 3-1-51 - 198 ko1 b3 - Z

Trucks - Field 1.7-51 2.24-51 1945 2075 2560 10 1 321 1 5271

Taxis - Office 2-3-51 2-10-51 - I 512 - -

Taxis - Fleld 2-3-51 2-10-51 82 247 312 39 3 810 3 872

Total Interviewing 10113 11879 14571 36 1 149 1431
CODING (Interviews)

Coding Index 3y 11-16-50 1-3-51 - 376 430 84 - -

Coding - Dwelling Unit 11-15-50 1-20-51 8086 3476 3476 00 - 430

Coding - Truck 1-10-51 3-1-51 1945 1114 1165 86 - 599

Coding - Taxi 2.25.51 2-26-51 82 83 83.50 - 1 018

Total Coding 10113 5049 5156 20 - 51
SCREEN LINE

office 1-22-51 3-3-51 - 169 209 08 - -

Manual Counte 1-22.51 2-8-51 8 281 280 63 35 079 -

Machine Counts 1.22.51 2.17-51 8 13 n3 oo | 1k 125 -

Total Screen Line 8 563 602 71 - 75.338
PUNCHIRG & VERIFYING (Cards)

Dwelling Unit Interviews 1-17-51 2.20-51 60992 706 929 82 - 015

Truck Interviews 4.1-51 4-25.51 13115 139 178 60 - o1k

Taxi Interviews ho1-51 k.25.51 “hoo9 27 36 U5 - 009

Machine Rental - - 83 17 - -

Total Punching & Verifying 78116 872 1228.64 - 016
TOTAL INTERNAL SURVEY

FIELD OPERATIONS 10113 23525 $21714 17 - 2 k0

1/ Field inventory method
2/ Supervision included in Total Costs

;/ Coding Index Costs prorated to each phase of survey.

Includes procurement of Land Use information



Truck interviews were assignedby geo-
graphical areas for the convenience of
personnel and resulted in considerable
saving of time.

Taxi interviews were takendirectly from
manifest sheets turned in by the drivers.
This made for both an easy and accurate
method of obtaining the information.

6 2a.m. to 10 p. m., with the exception of
four of the higher-volume stations which
were operated for a full 24-hr. period. A
total of 70 stations were s#cheduled, 26
around the six suburban cities and 44 around
the metropolitan area. Interviews were
obtained from drivers of vehicles moving
in both directions and were obtained from

TABLE 4

DALLAS METROPOLITAN AREA TRAFFIC SURVEY

EXTERNAL STUDY
URIT COST DATA

Unite of Total Unit Cost
Date Date Work Man Total
EXTERBAL SURVEY Started Completed Accomplished Hours Cost Pleld Total
1/
OFFICE 10-25-50 3-1-51 - 858 $ 121287 | $ - s -
INTERVIEWING 10-25-50 1-2k-51 107128 5206 6735 01 - 063
MARUAL COUNTS 10-25-50 1-24-51 u6 561 619.67 - 13 471
MACEINE COUNTS 10-25-50 1-24-51 46 361 439 66 - 9 558
CODING (Intervievs)
2/

Coding Index - 501 574.45 - -

Coding 10-31-50 3-1-51 107128 6521 6543 05 - .061

Total Coding 107128 7022 117 50 - 066
PUNCHING & VERIFYING (Cards)

Labor Costs 2.20-51 k-25.51 107128 756 992 60 - .009

Machine Rental - - 66 54 - -

Total Punching & Verifying 107128 56 1059 1b - .010
TOTAL EXTERNAL SURVEY

FIELD OPERATICNS - 14824 $ 17183 82

1/ Bupervision included in Total Costs

g/ Coding Index costs prorated to each phase of survey

Unit costs of interviews in the internal
survey, including both office and field
costs, were: dwelling unit interviews,
$1.38; truck interviews, $1.53; and taxi
interviews, $3.87.

EXTERNAL SURVEY

The external origin -and - destination
survey consisted of two parts: (1) around
the metropolitan area, and (2) around six
isolated communities within the county.
Interview stations were located on all
highways and county roads carrying more
than 200 vehicles per day. The lower vol-
ume stations were operated first with a
small crew sufficient in number to man 3
stations per day. These men later formed
the nucleus of larger crews to operate the
higher-volume stations. Onroadscarrying
less than 500 vehicles per day the survey
was operated from 10 a.m. to6 p.m. On
the remaining stations the hours were from

95. 5 percent of all vehicles which passed
the stations. A totalof 107,128 interviews
were obtained in the external survey. This
operation required 5,206 man-hours and
cost 6 cents per interyiew.

Hourly automatic /recorders were in-
stalled at all interview stations for a period
of 24 to 48 hrs. at the time the interviews
were being obtained. Five control stations
were selected where automatic recorders
were installed on the external cordon line
for the entire period of the survey. These
control counts were included with other
machine counts on the external cordon line
in the cost analysis and amounted to $9. 56
per station.

ACCURACY CHECK

The reliability and completeness of the
internal and external surveys were checked
by a comparison of expanded trip data at
crossings of a screen line previously es-
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tablished for the purpose with the actual
ground counts made during the survey.
The viaducts across the Trinity River
made an ideal screen line. Comparison
of data indicated satisfactory survey cover-
age of approximately 90 percent of trips
crossing the screen line. Screen-line
costs were included in the cost data for
the internal survey, since this phase was
handled by internal personnel. Total
screen line cost was $602.71, which gives
a unit cost of $75.34 for each of the eight
points checked.

PARKING SURVEY

The area of the parking survey com-
prised 140 blocks, on which were located
110 public lots, 73 private lots, 30 garages
and 3,003 legal curb spaces. Inventory of
parking facilities was completed with a

18-in. reproductions were madeto provide
each interviewer with a map to insure his
location at the proper facility.

Information as to origin, destination,
purpose of trip, and place and time of
parking was obtained from 59,210 drivers
of vehicles parking in the central business
sector between 10 a. m. and 6 p. m. Manual
classification counts were made of all ve-
hicles crossing the internal cordon line
which delimited the central business sector
from 7 a.m. to6p.m. Four automatic
traffic recorders on major streets crossing
the internal cordon line furnished control
information for the period of the survey.
The final unit cost of the parking survey
averaged 56 cents per interview. This
cost included all phases of the parking
survey. Inventory costs were $1.40 per
block of curb face and $3. 10 for each off-
street facility. Curb interviews cost 22

TABLE S

DALLAS METROPOLITAN AREA TRAFFIC SURVEY

INTERNAL & EXTERNAL STUDY

ANALYSIS & REPORT
UNIT COST DATA

ORIGIN & DESTINATION REPORT Units of Total Unit Cost
INTERRAL & EXTERNAL Date Date Work Man Total
BURVEYS Started Completed Accomplished Hours Cost Fileld Total
BORTING & TABULATING (Cards)
Labor Costs 3-10-51 9-30-51 201399 52 $ 6848 | & - $ .0034
Machine Rental 3-10-51 9-30-51 - - 498 97 - -
Total Sorting & Tabulating 201399 452 183 17 - 006
ANALYSIS 3-10-51 11-1-51 - 1885 2518 75 - -
PREPARATION OF REPORT
Typing - 104 127.03 - -
Drafting - 978 1270 11 - -
Reproduction (Books) 800 - 1820 96 - 228
Total Preparation - 1082 3218 10 - -
TOTAL - METROPOLITAN AREA REPORT] - 3419 6920 62 - -
TOTAL - INTERNAL & EXTERNAL
FIELD OPERATIONS - 38349 44897 99 - -
TOTAL - METROPOLITAN AREA
TRAFFIC SURVEY - 41768 51818 61 - -
ADMINISTRATION Y/ $ 7523.24
GRAND TOTAL 459341 85

1/ 65§ Total Administrative Costs

crew of four men, plus the active partici-
pation of the parking supervisor.

Two maps were prepared, one showing
the location of all curb faces and their
code numbers and the other showing the
location and code number of all off-street
facilities. A sufficient number of 18-by

cents each while off-street interviews cost
20 cents each. Forty-four 16-to-24 hr.
cordon-line manual counts were made at a
cost of $16.66 each and four control sta-
tions were operated with automatic traffic
recorders for the entire period of the survey
at a cost of $120.75 each.



ZONING

For the purpose of analysis and con-
formance with tabulating machine usage,

intermediate area was coded as Sector 8,
with further divisions into districts, zones
and subzones. The second digit indicated
the sector of the city to which this county

TABLE 6

DALLAS METROPOLITAN AREA TRAFFIC SURVEY

COUNTY TRAFFIC SURVEY
UNIT COST DATA

Units of Total
Date Date Work Man Total Unit Cost

COURTY TRAFFIC SURVEY Started Completed Accomplished Hours Cost Fleld Total
OFFICE 10-25-50 2-1-51 - 149 $ 192 35 $ - ¢ -
INTERVIEVING 10-25-50 11-13-50 16155 1265 1376 03 085 -
MANUAL COUNTS 10-25-50 11-13-50 26 214 218 63 - 8.41
MACEINE COUNTS 10-25-50 11-13-50 26 156 160 63 - 618
CODING INDEX Y - -] 71 80 - -
CODING (Tntervievs) 10-31-50 12.15-50 16155 976 979 93 - 061
Total Coding 16155 1038 1051 73 - 065
PUNCHING & VERIFYING

Labor Costs 2-20-51 42551 16155 111 145 ho - 009

Machine Rental - - 10 03 - -

Total Punching & Verifying 16155 11 155 43 - 010
TOTAL FIELD CPERATICNS - 2933 3154 .80 - -

REPORT

SORTING & TABULATING (Cards)

Labor Costs 12.1-51 2.1.52 16155 23 4 95 - 003

Machine Rental - - 16 30 - -
_ Total Sorting & Tebulating 16155 23 61 25 - [
ANALYSIS 12-3-51 452 - 10 161 49 - -
PREPARATION

Typing 1-5-52 3-31-52 - 34 43 38 - -

Drafting 12-1.51 5.1-52 - 354 495 59 - -

Reproduction (Books) 2.29-52 4-15-52 250 - 431 38 - 173

Total Preparation - 368 970 35 - -
TOTAL COUNTY REPORT - 521 1193 09 - -
TOTAL COUNTY TRAFFIC SURVEY - 3454 $ 4347.89 - -
ADMINISTRATION ? $ 57871
GRAND TOTAL COUNTY

TRAFFIC SURVEY $ 1926 60

y Coding Index costs prorated to each phase of survey

2/ 5% Totel Administration Cost

the area was divided into sectors, dis-
tricts, zones, and subzones, designated
numerically with a four-digit code. The
metropolitan area was divided nto sectors
radiating from the business district of the
city and designated by Numerals 0 through
7. Each sector was divided 1into districts,
zones, and subzones. In the' county area
between the metropolitan area and the
county limits, the sector lines were ex-
tended as district boundaries and this

district was adjacent. Adjoining counties
and major cities in Texas were coded
9000 to 9600 and the United States was
coded by states from 9700 to 9900. This
system of zoning greatly simplified both
coding, sorting and tabulating.

CODING, PUNCHING AND VERIFYING

A coding index was prepared in which
all streets were listed alphabetically.
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All principal cities and towns within the
state, major buildings within the city,
outlying shopping areas and neighborhoods,
schools, theatres, industrial establish-
ments, and housing projects were also in-
cluded. When completed, the coding
index comprised approximately 175 pages
and was bound with a spiral binding and
heavy cover to enable easy access to all
pages.

The cost of the coding index was
$1,486.12, but it 1s believed that its
preparation produced a saving in coding
costs sufficient to justify the expenditure,
as well as to promote a greater degree of
accuracy. Coding index costs werepro-
rated to each phase of the survey and in-
cluded in unit coding costs.

Punching and verifying were started as
soon as coding and checking were com-
pleted for a tract or station. A total of
260,609 cards were used to record data
from all phases of the survey.

All work through coding was done in the
Dallas field office. Some punching was
done by the City of Dallas, but the majority
was done in the Planning Survey Ac-
counting Section in Austin. Unit cost of
coding for thednternal Survey was 51 cents
per interview; dwelling unit coding cost
43 cents per interview; truck interviews
cost 60 cents each, and taxi interviews
cost $1.02.

The external survey coding cost 7 cents
per interview, and coding for the parking
survey cost 8 cents per interview.

Average cost of punching and verifying
cards for all phases of the survey was 1. 2
cents per card.

TABULATING, ANALYSIS AND

PUBLICATION
Tabulating, analysis, drafting, and
reproduction were done in Austin. Three

reports were printed covering (1) Met-
ropolitan Area Traffic Survey, (2) Dallas
County Traffic Survey, and (3) Parking
Survey.

COST ANALYSIS

Unmit costs for some of the more-im-
portant phases of the survey have been
mentioned previously. The final cost of
the internal and external traffic study
was $59,341.85; the parking study,

$33,057. 72; and the county traffic study,
$4,926. 60, or a total cost of $97,326. 17.
A detailed man-hour requirement and
cost analysis record of all phases of the
project is outlined in Tables 1 to 7, in-
clusive.

Table 1 shows the distribution of the
total cost to each phase of the survey;
Table 2 the indavidual costs, time of be-
gmnning and ending and man-hours for
each item of the administrative costs;
and Tables 3 through 7 unit costs, man-
hours, units of work accomplished and
dates of starting and completion for all
phases of the internal, external, county,
and parking surveys.

APPLICATION OF DATA

The final report was not complete until
18 mo. after the initiation of the study,
but tabular data were placed 1n use as it
became available. Preliminary data were
furnished the city and state within 2 mo.
after completion of field work by repro-
duction of tracing paper work sheets for
origin-destination data. Photostatic cop-
ies of the parking tables were also
prepared for early use of these data. This
preliminary information proved most
timely and useful to both the caty and
state.

The City of Dallas, immediately upon
completion of the study, set up an office
to use these data as a basis for the (1)
revision of its major thoroughfare plan,
(2) development of a network of express-
ways for the metropolitan area, (3)de-
termination of adequate standards of right
of way and paving, and (4) development of
datato guidefuture streetprograms. Pop-
ulation trends have been established and
extended to a 20-to-30-yr. period. The
increment of population increase from
1950 to 1970 or 1980 is being distributed
to survey zones on the basis of type of
zoning, plans for the extension of utilities,
building trends and other similar factors.
This expansion of the origin-destination
data was made possible by the complete
and current land-use information obtained
in the sampling procedure.

The Texas Highway Department has
used the survey data as a basis for the
location of expressway routes, the design
of Intersections and the assignment of
traffic to future routes in the area.
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Postcard Method of Obtaining Origin and
Destination of Traffic and Comparison
with Roadside-Interview Method

ROBLEY WINFREY, Formerly Research Professor of Civil Engineering,

Iowa State College

@® THROUGH cooperativefinancing, mon-
ey became available to conduct origin-and-
destination traffic surveys in the urban
area of Ames, Iowa, during the fall of
1949. Contributors to the project were
the Engineering Experiment Station of
Iowa State College, the Iowa Highway
Commission, and the City Plan Com-
mission of Ames. The project was ad-
ministered by the Engineering Experi-
ment Station.

The objectives of the project were
three-fold: (1) To assemble origin-and-
destination information useful to the high-
way commission, the college, and the City
of Ames in connection with their ordinary
traffic handling and transportation plan-
ning, (2) to collect field data by which re-
search could be conducted on the improve-
ment of methods of making origin-and-
destination studies of traffic, and (3) to
compare the field postcard method of
getting origins and destinations with the
roadside-interview method.

Field stations were established on the
basis that no attempt would be made to
cover the interior traffic in Ames, other
than that between the Fourth Ward area to
the west and the Wards 1, 2, and 3 to the
east (see Fig. 1 for the location of the
following 13 stations):

Station 1, US 69 at the north city limits

Station 2, US 30 at the east city limits

Station 3, US 69 at the south city limits

Station 4, US 30 at the west city limits

Station 11, Lincoln Way (US 30) east of
Beech Avenue

Station 12, Sixth Street east of Squaw
Creek Bridge

“The over-all planning of the field work was handled by Mark
Morris and Carl Schach of the lowa Highway Commission, with
the latter {n active charge of the field work. Robley Winfrey
handled the recruitment of personnel and the office details in
the preliminary work and allof the analysis of the results. All
of the IBM punching, sorting, and tabulating was handled by the
Towa Highway Commission through Schach.

Station 13, Thirteenth Street, east of
Stange Road

Station 21, Wallace Road entrance to
I.S. C. campus

Station 22, Knoll Road entrance to
L S.C. campus

Station 23, Morrill Road entrance to
L S.C. campus

Station 24, Welch Road entrance to
1.S. C. campus

Station 25, Union Drive entrance to
I.S. C. campus

Station 26, Pammel Drive (Cemetery)
entrance to L. S. C. campus

Postcard studies for the full 24-hr.
day were planned for only theprimary
road stations at the city limits, stations
1to 4, and the three east-west connec-
tions within Ames, Stations 11, 12, and
13. However, because of the unfinished
paving on Thirteenth Street, the postcards
were not passed out at Station 13. About 2
weeks following the handing out of post-
cards, roadside interviews were conducted
at all stations for a 16-hr. period from 7
a.m. to 11 p. m.

FIELD PROCEDURES

Traffic-volume counts were taken with
traffic recorders by the highway com-
mission daily by hours from September 27
through November 13. These counts pro-
vided the basis for determining the traffic
pattern for each day of the week and trend
of the volume of traffic for the fall period.
Further, these counts afforded a basis for
assignment of personnel to the field sta-
tions so that the traffic could be handled
with the minimum of delay.

Because of the paving of the Sixth
Street extension from Riverside Drive
west to the I.S.C. campus at Osborn
Drive, the paving of Thirteenth Streetfrom
east of Squaw Creek west to StangeRoad,



TABLE 1
SUMMARY DATA ON POSTCARDS PASSED OUT

Full 24-hour day, October 17 to 25, 1949

Number Cards
Handed Out
Sta-| Time Started|Time Endeal, I~ [Out- Remarks
don bound [bound |Total
1|3p.m 11 p.m. Rained
Thurs 20th | Thurs 20th 370 331 701| out,
rerun

1 i7Tam Tam

Mon. 24th Tues. 25th | 1,459 1,617 3,076
2 |7am. Tam

Mon. 17th Tues 18th | 2,007 1,882 3,889
3 (Tam 7am.

Tues. 18th Wed. 18th 2,185 2,092} 4,277
4 [3p m. 11p m.

Thurs 20th |Thurs 20th 487 533| 1,020} Rained
out,
rerun

4 [Tam Tam
Mon. 24th Tues 25th | 1,767 1,841} 3,608,

11 Bp.m 3p m.
Wed. 19th Thurs 20th| 5,485 5,610| 11,099

12 3p.m 3p.m
Wed. 19th Thurs 20th| 2,802| 2,633} 5,435
TOTAL 16, 562/ 16, 539|33, 101
Less reruns 857 864| 1,721
NET TOTAL 15, 70515, 75| 31, 380

and the paving of Stange Road, Thirteenth
Street, south to Pammel Drive, the start-
ing of the field work and the timing of the

SCALE - FEET
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work was somewhat delayed over what
would havebeen desired from the standpoint
of weather and the normal October traffic.

Publicity for the field work was given
by a lead story in the Ames Daily Tribune
just prior to the starting of each phase.
Spot announcements were made over the
local Radio Stations WOI and KASI. The
staff of Iowa State College was sent a
special letter through the college campus
mail stating the objectives of the survey and
asking for cooperation in returning the
postcard, either through campus mail or
through the postoffice mail.

The ordinary field party of six persons
for passing out the postcards consisted of
a party chief, a postcard passer for each
direction, a traffic recorder, a timer, and
a traffic director. The number of person-
nel was varied according to the traffic
volume; the night shift was reduced to
about three to five men.

The roadside-interview phase was con-
ducted by the same field parties, plus
many additional wives and students. For
the one day, Wednesday, November 2,
when interviews were taken at Stations 11
and 12, thefieldparties were supplemented

N T T
\
\ — /™
\ 2 |
AN L

In
-3

2

® o ano o TRarFIC STATION —

Figure 1.

W |
(OWA STATE COLLEGE ST |
CAMPUS . |

—
LN WAY

DES MOINES
30 MILES

Outline of the corporate limits of Ames, Iowa, show-

ing the location of lowa State College campus and the traffic

stations.

Postcards were handed out at only Stations 1, 2, 3,

4, 11, and 12.
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by senior girls from the Ames High School.

All interviewers, maleandfemale,were
given about 1 hr. of assembled instruction
on how to interview and a field practice
consisting of the taking of 10 to 30 inter-
views.

interviewers handled traffic in both di-
rections. Station 11 was operated as two
separate stations, one for each direction.

A timer called out thetime each 2 min.
over a public-address system. The in-
terviewers recorded thetime called on the

FIRST CLASS
PERMIT NO 1356
(Sec 849 P L.&R.)
AMES, IOWA

BUSINESS REPLY CARD

No Postage Stamp Necessary if Malled in the United States

2¢c—POSTAGE WILL BE PAID BY—

Engineering Experiment Station
Marston Hall, Campus

Iowa State College

Ames, JIowa

Your filling out and mailing this card is
appreciated The information will be used in
improving traffic in the Ames urban area

In questions 1, 2, and 3, Indicate the place by
street address, bullding name, or firm name if the
place s within Ames or the 1SC campus, for other
places give only the city and state.

1 From what place did you last leave just
before recelving this card?® .o ..

2 To what place did you first go just after
receiving this card® _________________.__..

38 Where was your ultimate destination if
ft was not the place given in question 2?

4 How many people were there In the
vehicle, including the driver? . ____
§ In what state is the vehicle registered?
, if lowa, what
{s the county number? _ oo
6 In what city and state is the vehicle
kept overnmight when it is not on a trip?

PLEASE FILL OUT AND MAIL EACH CARD GIVEN YOU DURING THIS TRAFFIC SURVEY OF AMES, 10WA

7 Type of vehicle (check one)
Car Panel or pickup truck

Sta Wagon [ Medium welght truck
O Taxicab 7] Heavy weight truck
d Bus O Tracto--semi-tral'er
Motor car transport
8 For trucks and traller combinations,
give total number of axles

9 Purpose of the trip (check one)
Going to work Student going to

Coming from work or from school
O Toorfromshopping [ Celivery of persons
Business trip a Deliveryofthinga
O Social &recreatioral”) Attending meetings

Thank you—
Towa State Highway Commission
Towa State College, Engr Exp Sta.
City of Ames, City Plan Commission

Lincoln Way and
Beech Avenue
N? 5926

Eastbound

Figure 2.

Specimen postcard passed out to drivers.

Each card

1s 1dentified as to station, direction, and time of day through
1ts serial number.

In operation at the station, the traffic
was controlled by the traffic directors,
who endeavored to stop the vehicle at the
position of the interviewer who was to
make the interview. On the interview
line 2to 14 interviewers worked ata
time, the number present being adjusted
by the party chief to fit the traffic volume.
With the exception of Station 11, individual

lines of their data sheet as it was called.
New data sheets were started at the be-
ginning of each clock hour.

The questions asked were: Origin of
trip? Destination of trip? Purpose of
trip? Commodity carried (for trucks)?
Place where vehicle was owned?

Information recorded by observation
was: type of vehicle, number of axles




(trucks only), state of registration, county
of registration (lowa only), and number
of persons in passenger cars.

The personnel consisted of the regular
staff of the Traffic and Planning Section of
the Iowa Highway Commission, which
furnished party chiefs and traffic directors,
wives of students at Iowa State College, and
some male students.

TABLE 2

SUMMARY OF NUMBER OF POSTCARDS RETURNED
AMES URBAN AREA O AND D TRAFFIC SURVEY

October - November 1949

1949 At U 8 |Campus | Dally | Cumulative
Date | Station Mail Mail Total Total
Oct. 17 34 12 0 46 46
18 29 563 11 603 649
18 112 900 31 1,043 1,692
20 234 2,629 255 3,118 4,810
21 4 3,278 478 3,760 8,570
22 16 1,500 (] 1,522 10,092
23 - Sunday
24 62 1,068 54 1,184 11,276
25 37 1,022 118 1,17 12,451
28 o 1,059 53 1,112 13,563
27 8 541 5 552 14,115
28 0 344 13 357 14,474
29 0 196 7 203 14,6875
30 - Sunday
31 0 225 0 225 14,902
Nov. 1 0 108 10 118 15,018
2 5 49 (] 60 15,078
3 0 45 4 49 15,127
4 0 31 1] 31 15,158
5 0 24 1] 24 15,182
6 - Sunday
7 3 28 0 31 15,213
8 (1] 43 0 43 15,256
9 0 27 0 27 15,283
10 0 20 0 2 15,303
11 - P. O, Closed
12 0 15 0 15 15,318
13 - Sunday
14 o 11 0 11 15,329
15 0 11 0 11 15,340
16 0 0 0 10 15,350
17 0 4 0 4 15,354
18 0 1 1 2 15,356
19 0 0 0 0 15,356
20 - Sunday
21 0 0 5 5 15,361
22 [} 0 9 9 15,370
23 o 0 9 9 15,379
24 1} 0 1] [} 15,379
25 0 0 0 0 15,379
26 0 0 1 1 15,380
27 - Sunday
28 0 1 1 15,381

THE POSTCARD

Figure 2 1s a specimen postcard given
out to the drivers of the vehicles. The
design and wording of the card was checked
with a dozenor soindividualsbefore it was
printed. Even so, several items could
have been made clearer to the drivers,
judged on the basis of the returns. The
cards were identified by station and di-
rection, so that identification of those re-
turned would be positive. Further, the
cards were numbered serially from 1 up

13
" TABLE 8

COMPARISON OF POSTCARDS HANDED OUT AND RETURNED
BY HOURS

ALL CLASSES OF VEHICLES
Both

Direction 3, Qutbound |Directions
Cards [Usable|Percent-[Percent-
Handed| Cards| age age

Out Re- | Re- Re-

turned|turned | turned
7-8 A 640 262 409 361 172 476 43 4
8-9 460 208 452 419 195 46.5 45.8

9-10 470 311 44.9 464 201 433 4.1

10-11 472 208 441 439 189 431 436
11-12N 478 220 460 427 185 433 4.8
12-1P 420 188 44.3 424 192 453 4.8
1-2 600 186 38 0 486 187 385 387
- 488 178 3685 521 208 3998 383
- 483 188 38 8 532 234 440 415
- 600 238 397 705 286 377 386
535 220 42.8 719 285 3986 4L0

370 154 4186 392 184 842 378
363 147 405 318 118 377 32
192 67 349 219 82 376 36.3
8-10 199 84 322 209 4 354 338
10-11P 182 61 318 226 78 345 33.3

16 hr
Total 6,864 2,816 410 6,869 2,801 408 409

11-12M 136 63 390 180 §5 4.4 36.5

Ll A d
©EID W

12-1 85 28 27 4 82 23 28.0 2717
1-2 45 12 26 7 52 19 35 320
2-3 28 14 50 0 25 5 20 35.8
3-4 24 10 417 25 8 320 36.7
4.8 45 18 40.0 40 6 133 282
5-6 43 12 279 70 a1 30.0 29, 2
8-TA 138 42 30.4 119 40 N6 319
8 hr,

Total 664 187 33.8 673 177 309 323
24 br

Total 7,418 3,008 405 7,432 2,878 401 403

TABLE 4
COMPARISON OF POSTCARDS HANDED OUT AND RETURNED
BY HOURS

11 L CLASSES OF VEHICLES
Both
IDirection 2, Easthound |Directions
Usable [Percent-| Percent-
age age
Re- Re-
turned | turned

279 132 473 488
297 149 502 481
266 120 451 45 0
286 128 44.8 45.9
364 178 475 46.1
382 151 3965 43 3
41.0

.
L
=
5
]
.
8
£3g

12-1P 366 173
1-2 342 138
285 109 281 107 381 38.2
205 159 342 190 666 54.8
383 201 469 235 6501 L2

2.3
3-4
4-5
:-'0’ 498 287 53.6 608 284 55.9 54.8
7-8
8-9

XL XTY .Y

pPeEsSS

DO T~ D
«
'
-3
-
-
o
[
2
.

401 196 48.9 312 137 439 46 7
318 154 48 4 368 103 524 50 8

8 241 110 458 251 118 470 46.3
9-10 224 112 500 289 130 450 472
10-11 P 225 105 467 235 106  45.1 45.9

18 hr
Total 5,170 2,467 477 6,277 2,498 473 475

11-12M 124 50 40.3 1538 64 418 412

12-1 68 24 353 85, 30 5.2 353
1-2 o o - of 0 -- -
2-3 0t 1 - s 0 .- -
3-4 16 6 - 12 8 - 51.6
4-5 11 5 .- FU — 34.5
5-6 T o1 - [ S G— -
8-TA 80 S0 375 64 24 444 40.3
8 br.

Total 816 117 371 333 133 396 384
24 hr

Total 5,485 2,584 471 6,610 2,630 46.9 470
r = raln, some vehicles not given carda.
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PERCENTAGE OF CARDS RETURN
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Figure 3. Zones and tracts for coding the origins and destina-
tions withan the City of Ames.

80 - |
701 o———o INBOUND

»———=« OUTBOUND .
60 : |
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=

e—— STATION 12
20 ————x STATION 11
o———o STATION 1,2,3,84

1 1 ! 1 1 ! 1 H ! 1 | 1 | 1 [l
12 1 2 3 4 5 € 7 8 9 10 Il 121 2 3 4 5 6 7 8 9 10 U 12
M AM N PM

CLOCK HOUR CARDS PASSED OUT

Figure 4. Percentage return of postcards by clock hours for com-
bined Stations 1, 2, 3, and 4 and for Stations 11 and 12 for all
classes of vehicles.
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Figure 5. Percentage of postcards returned by passenger cars for
Stations 1, 2, 3, and 4 combined for both directions by license
plate.
TABLE 5 \ for each station and direction. These
COMPARISON OF POSTCARDS HANDED OUT AND RETURNED serial numbers were recordedby the timer
BY HOURS at the end of each 2-min. interval through-
STATION 13 ALL CLASSES OF VEHICLES out the 24-hr. day so that each card re-
Direction 1, Westbound | Direction 3, Eastbound [Directions turned could be identified within intervals
Clock | Cards {Usable [Percent-| Cards |Usable[Percent-{Percent- i i i
sl il o i Rl Lot il i of 2 min. as to the time of day it was
Out | Re- | Re- Out | Re- | Re- Re- handed out.
turned) tured turned] turned jrurned Table 1 gives the schedule of passing
7-8 A 352 230 65 3 99 64 64.8 65. 2 .
8-9 173 104 601 988 50 603 601 out cards and the number given out at
HSr PR S-S S+ A A+ S5+ each station. Table 2 gives the number
11-12N 163 81 52,4 296 178 80 1 5717
12-1P 277 139 50 2 198 110 55.6 62.4 Of Cards returne(,l by days' . .
1-2 207 119 575 163 78 485 63.5 There are minor discrepancies in the
Mooom noEs 1 o ar o count of total vehicles by hours as tallied
4-5 207 135 65 2 300 185 6L.7 631 i ifi
i a1 15 ez 0 18 &7 &1 in the manual count and classification and
8-7 157 8 641 138 83 601 66.9 the number of postcards passed out. The
e 101 o6 o1 s 6 ote o2 field parties were instructed to record the
9-10 99 59 59 6 87 49 56. 3 68.1 i i
o0 e BB e oD By serial nur_nbe.r of the top card in the deck
16 b each 2-min. interval through the day upon
Total 2,681 1,563 68.3 2,6401,614  69.6 589 call from the timer, and the manual clas-
M 3 18 482 non o s o sifier and enumerator was instructed to
1-2 5 0 - 8 0 - - start a new tally line with each 2-min.
b s i = O interval. Neverthelesc there are varia-
i S S s -z tions of-one to three vehicles between the
6-7A 43 24 671 127 —- 574 two counts. Some of these variations re-
8hr sult from mistakes in the numbering of
Total 121 61 60, 4 93 41 4.1 YA .
26 be the cards by the printer; some represent
Total 2,802 1,624 58.0 2,633 1,655 591 58,5 skipping and duplicating on the part of the

field personnel. With the exception of
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those differences in the two counts(which
are attributed to the fact that during rain,
cards were not passed out at certain time
periods, although the manual count of
traffic volume continued), the differences
in counts is not of importance to the a-

Examples of typical codes for origins or
destinations are:

043 813 On Kellogg Avenue in the 1300
block (Ames, zone 4, tract 3, Kellogg
Street, 13 hundred block)

414009 Beardshear Hall, 1.S.C. campus
(I.S.C. campus, zone 1, tract 4, bldg. 009)

80
701~

nalyses reported.
AN f A
50

40
30—
20K
10

0

A\

-
\Y

70
60

o————0 IOWA PICK-UP TRUCKS
#————x OTHER IOWA 2-AXLE TRUCKS
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Figure 6.
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1
l2 1 2 3 4 5 6 7 8 9 10 1t 12
PM

Percentage of postcards returned by trucks for out-

of-state and Iowa registration plates for Stations 1, 2, 3, and
4 combined for both directions.

OFFICE WORK

A system of numerical codes was de-
veloped so that the analysis of the returns
could be handled by IBM business machines.
The city was divided into 10 geographical
zones, with each zone divided into 10 or
fewer tracts of about three blocks square.
Within the tract the origins and destina-
tions were coded to the street and block.
Thus, the six-number code permits of de-
termining the location in Ames of the ori-
gin and destination to the specific block
length of street. The campus of Iowa State
College was divided into 23 areas covered
in the first three numbers of the code; the
last three numbers designate the specific
building. Figure 3 gives the zones and
tracts for Ames.

514 762 Dwelling 762 in North Pammel
Court (Pammel Court, north section, area
4, House No. 762)

185,056 Nevada, Iowa, (a town of more
than 1,000 population; 85 is Story County,
and 056 is Nevada)

177,027 Des Moines, Iowa

285,676 Ontario, Iowa, (a town of less
than 1,000 population; 85 is Story County,
and 676 is Ontario)

327,000 State of Minnesota (out of state,
27 is Minnesota, and 000 is any place in
Minnesota)

The postcards returned were sorted by
hand into stations and directions, and then
arranged in serial number. Coding sheets
were prepared by numbering vertically the
24 lines onthe 11-in. dimensionof a 17- by
11-in. ruled sheet. Consecutive seral
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Figure 7. Percentage of postcards re-
turned for passenger cars by registration
plate, Stations 1, 2, 3, and 4, combined.

numbers were used from 1 up to cover the
entire series of cards passed out at each
station. Coding was then done directly on
these sheets on lines corresponding to the
serial number of the cards. Thus, the 24
lines on a coding sheet show the serial num-
bers of allcards passed out; the coded lines
thereon represent the usable cards re-
turned. The hour and 2-min. interval dur-
ing which the cards were passed as recorded
on the coding sheet were obtained by ref-
erence to the field record of the serial
numbers and times.

The coding was not checked other than
by inspection of the completed sheets to
see 1if the origin and destination looked
reasonable for the station and direction.

Neither was the punching of the cards
verified. Once the cards were punched
they were sorted by origin and then listed.
Again, by inspection of these listings for
reasonableness the further main errors
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were eliminated by re-examination of the
coding sheets and original postcards.

DIFFICULTIES WITH THE RETURNED
INFORMATION

The difficulties had withthe information
contained on the cards were mainly what
would be expected. When dealing with run-
of-the-mill vehicle drivers, it is expected
that information gathered in a traffic sur-
vey by the use of postcard questionnaires
would contain discrepancies, and that some-
times wanted information would be m1ssing.
On the whole, however, the information
was satisfactorily submitted. The record
(Table 2) of cards returned daily totals
15,381 cards. The 15,381 includes 619
cards from Stations 1 and 4 which were
not used, since the passing out was re-
peated later when it became necessary to
suspend operations on account of rain.
Available net cards totaled 14,762, of
which 14,374 were coded. Not every one

Direction 1 = 16 Hour Period, 7 a.m. to 11 peme

County 08, Boons County S
County 6, varsall courty (N
County 77, Polk County S
Gouny 85, Story County R
Other Iowa Counties _
AL Towe SR
Direction 2 = 16 Hour Perlod, 7 a.o. to 11 pem.
County 08, Boons County ]
County 6L, Harshall County ]
Gounty 77, Polk County S
County 85, Story County ]
Othor Iowa Counties _
A2 Jora SEEEE——
Directions 1 % 2 Combined - 16 Hour Period, 7 a.o. to 1l p.o.
County 08, Boone County _
County &k, Karshall County —
County 77, Polk County ]
County 85, Story County ]
Other Iowa Counties —
A Tome S
0 10 20 30 ko 50
Percentagze Returned
Figure 8. Percentage of postcards re-

turned for passenger cars by Iowa regis-
tration plate, Stations 1, 2, 3, and 4,
combaned.
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All Iowa Cars = Diroction 1, Inhound = 16 Pour Perioed, 7 s.ms to 11 p.2.

sutton 1 —
statton 2 T
statton 3 E——
Station b S
All Iowa Cars = Direction 2, Outbound - 16 Hour Pericd, 7 a.m. to 11 p m.
statton 1 EE——
sutton 2 S
Statton 3 SRR
station *
Out of State Cars = Direction 1, Inbourd - flour Period, 7 a.m. te 11 p.o.
station 1 S
Statden 2 E——
statton 3 EE—
Statlon L ]

Out of State Cars - Direction 2, Qutbound - 16 Heur Perdod, 7 a.m. to 11 p.m.
Station 1
Station 2

Statlon 3

Statdon b

o

W 20 30 W 5 6 70
Percentage Retaurned
Figure 9. Percentage of postcards re-

turned for passenger cars by registration
plate, for each exterior station.

of the cards punched was 100 percent us-
able, though at least either the origiwn or
destination was determined. These figures
indicate that 97.37 percent of the cards
returned were coded and punched.

From the standpoint of an origin-and-
destination traffic survey, the main item
that gave trouble was the description of the
originand the destination. Manycards had
these items either incomplete, stated in
general terms, confused, or a definitely
wrong geographical location. The follow-
ing answers are types of answers fre-
quently encountered: a street number
without giving the city; Ames, Iowa, with-
out giving the street number; home to work;
to Bill Smith's place; to a location north
of Ames for a vehicle given the card when
headed southat the southentrance to Ames
(Station 3).

Considerable of the difficulty with the
origin and destination is attributed to the
fact that many drivers received more than
two cards during a given day and possibly
at more than one station. When filling out
these cards, the driver did not realize
that each card was for a particular sta-
tion, direction of travel, and minute of the
day. As a result, the correct trip was
recorded on the wrong card. The coders

salvaged many of these cards by a process
of matching; that is, all questionable cards
were compared in terms of the indicated
trip, type of vehicle, time of day, and
handwriting.

RESULTS OF THE ANALYSIS

Inasmuch as this study of the postcard
method was directed toward those aspects
of the method which would help to evaluate
its reliability, there is no attempt to ana-
lyze the results strictly to determine the
originand destination of the traffic passing
the six stations. Rather, the results are
analyzedtodetermine anybias in the return
of the cards and a comparison of the origin
and destinations with those obtained by the
roadside-interview method.

RETURN OF CARDS BY HOURS
OF THE DAY

Tables 3, 4, and 5 give by hours the

Directien 1, Inbound - 16 Hour Period, 7 a.z. to 11 p.m.
Iowa Cars
Out of State Cars
All passenger .Cars
Direction 2, Qutbound
Iowa Cars
Out of 3tate Cars
All Passenger Cars

Directlons 1 2 2 Coobinod

Jowa Cars

Out of State Cars

All Passenger Cars

Direction 1, Inbound = § Hour Period, 11 p.m. to 7 a.m.

Tova Cars L]

Qut of btate Cars ]

All Passenger Cars —
piroction 2, Qutbound

Towa Cars T

Qut of State Cars —

AL1 Passerer Cars ]
Directions 1 & 2 Combined

Towa Cars I

Out of State Cars N

ALL Passerger Cars L

0 11 2 30 L 5

Porcentaze Returned

Figure 10. Percentage of postcards re-

turned for passenger cars by registration
plate, Station 1l.



cards handed out and the usable cards re-
turned by all classes of vehicles for each
hour of the 24-hr. day. Summary curves
of the percentage of cards returned each
hour is given in Figure 4.

There appears to be no significant dif-
ference in the four exterior stations in the
percentage of the cards returned by out-
going vehicles and incoming vehicles.
There is, however, some trend downward
in the percentage returned from the hour

Direction 1, Inbound - 16 Hour Period, 7 s.m. to 11 p.n.
Iowrs Cars
Out of State Cara
All Passonger Cars
Direction 2, Outbound
Iowa Cars
Out of State Care
All Passenger Cars
Directions 1 & 2 Combined.
Iowa Cara
Oat of State Cars

ALl Passenger Cara
Pirection 1, Inbound - 8 Hour Poriod, 11 p.n. to 7 a.m.

Tooa Cars

Out of State Cars

All Passenger Cars

Direction 2, Outbound
JTowa Cars :

Out of State Cars
A1l Passenger Cars
Directions 1 & 2 Combined

lows Cars

Out af State Cars

A1l Passenger Cars

o

0 20 3 W %
Percentage Roturned

& 10

Figure 11. Percentage of postcards re-
turned for passenger cars by registration
plate, Station 12.

from 7to 8a.m. to the same hour the
next day. For the four stations, the 8-hr.
period from 11 p.m. to 7 a.m. averaged
32. 3 percent returned for both directions
and all vehicles as compared to 40.9 per-
cent for the 16-hr. period from 7 a.m. to
11 p.m. The number of cards returned in
the individual hours of the 8-hr. period was
so small as to render unreliable the per-
centage returned for any given hour.
Figure 4 gives the highest percentage
return from Station 12, next from Station
11, and the lowest from Stations 1, 2, 3,
and 4 combined. Station 12, the Sixth
Street connectionbetween the eastern area
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Direction 1, Inbound - 16 Rour Peried, 7 a.m. to 11 p.m.

County 08, Booms County . ]

County 6k, uarshall County . ]

County 77, Polk County -}

County 85, Story County —_______________J

Other Iowa Counties —

All Iowa R
Direction 2, Outbound = 16 Hour Period, 7 a.n. to 11 p.m.

County 08, Boona County L]

County 6k, torshall County ]

County 77, Polk County ]

County 85, Story County ]

Other Iowa Countfes ]

Al Towa .}
Directions 1 & 2 Combdned - 16 Hour Perlod, 7 a.m. to 11 p.m.

County 08, Boons County |

County 6L, Marshall County ]

County 77, Polk County ]

County 85, Story County .}

Other Iowa Countlas ]

ALL Jora ]

O ntage Retarmed

Figure 12. Percentage of postcards re-

turned for passenger cars by Iowa regis-
tration plate, Station 11.

of Ames and the college campus, is used
largely by college employees. These em-
ployees received a letter stating the pur-
poses of the survey and asking for their
cooperation. Further, perhaps the college

All Iowa Cars = Direction 1, Inbound = 15 Hour Period, 7 a.o. to llp o,
Station 11 L]
Station 12 S
Stations 1,2,3, & L, Coobined (NEENNEENENENENNED

A1l Iowa Cars - Direction 2, Qutbound = 15 Hour Perlod, 7 a.z. %0 1l pen.
Station 1 ]
Statton 12 R

Statlom 1,2,, & b, Conbired NN
Out of Stato Cars - Direction 1, Inbouwnd, 16 How Poriod, 7 a.m. to 11 p.o.

Station 11 ]
Station 12 N

Statdom 1,2,3, & b, Cootind QR
Out of State Cars - Direction 2, Outbound = 16 Hour Poried, 7 o.n. to 11 p.m.

L
.|
Stations 1,2,3, & L, Conkined  CHENEESNNNNS

0 10 2 30 L 5o
Perocentare Returned

Statien 1

Station 12

6 70

Figure 13. Percentage of postcards re-

turned for passenger cars by registration

plate, for interior Stations 11 and 12

and for exterior Stations 1, 2, 3, and
4, combined.
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Direction 1, Inbound = 16 Hour Period, 7 a.m. to 11 p.m.
Single Unita = Pick-ups ]

Other Single Units NN

Combinations ]
Total Iowa Trucks ]
Total Iowa Passenger Cars ]

Direction 2, Qutbound - 16 Hour Perioed, 7 a.m. to 11 p.n,
Single Units - Pick-ups ]
Other Single Units NGNS

Combinations

]
Total Iowa Trucks .
Total Iowa Passenger Cars ]

Directions 1 & 2 Combined = 16 Hour Period, 7 a.m. to 11 n.m.
Single Units = Pick-ups ]

Other Sincle Gnits (NG

Combdnations ]
Total Iowa Trucks . |
Total Io7a Passenger Cars |

ees. Stations 1, 2, 3, and 4 passed ordi-
nary traffic, such as moves into and out of
typical Midwestern cities of 15,000 to
25,000 population.

Attention is directed to the rather high
position of the curve for Station 11 at 3 to
4 p.m. as compared to the other hours.
From Table 1 it is seen that this station

origin t, cards Passenger cars inbound
msumuon Tmmd a hnguuMnn comtd ned
1. Other counties to campus-ParDel 55 e

2. Other counties o0 Ames city 116 s

3. Story county to campus=Pammel 11l se—

L. Comtiguous cos. to Anes city Ll0 cumemme

5. A1l origins to caspus-Pamnel 397 ssmmmme

6. Contig. cos. to compus=Pammel 127 e

7. Story county to contig. rural 19 e
8. States to other 1 22

9. Story county to Ames city
10. All arigins to Ames city 1391 ao—
11. Contig. rural to caspus=Parol 60 eo———
12, Contig, cos, to all dest.
13. Story county to all dest.
1h. Anes city to campus—Pumel
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17. Story county to contig. cos.
16, Contig, cos. to contig. cos. 90 e——
19. Contiguous rural to Ames city 335 eeses—"
20 Contige. rural to all deat.

L6] em—

715 com—
690 em—
3 en—
286 mem—
2376 2.38

68 oume——

136 e—
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Figure 14. Percentage of postcards re-

turned for Iowa trucks, and Iowa passen-

ger cars by registration plates, Stations
1, 2, 3, and 4, combined.

people were somewhat more inclined to
cooperate in a study of this type than was
the average runof drivers, since the proj-
ect was n charge of one well known to
them. The returns from Station 11 also
included many cards from college employ-

plrection 1, Inbound = 16 Hour Period, 7 a.ne to 11 peme

Single Umits - Pick-aps [ ]
Other Single Unita L]

Coubimtions AR

Total Out of State Trucks ]

Tote] Out of State Passenger  EEEEIEEEEENENNNE
Direction 2, Outdound - 16 Hour Pericd, 7 a.m. to 11 pums
Sincle-Unite - Plok-aps

Other Single Unito L]
Cozbimtions ]
Total Out of Stote Trucks ]

Total Out of State

Cars
Directions 1 & 2 Coobined = 16 Hour Pericd, 7 aw. to 1l p me

21. Contig, cos. to Story county
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23. Contig. cos. to other cos.
2. Amea city to all dest.
25. States to contiguous cos. 2] e——
26 ALl origins to other 152
27. States to all destimtions
28. Amea olty to ames city
29. Other counties to other cos.
30. A1 oripins to Story county
31, Other oounties to contig. cos.
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3k, Contig, rural to conmtig. cos.
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40, States to states
L1, Other counties to states
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Figure 16. Postcard expansion factors
for trips between origin-and-destination
groups. The roadside-interview trips be-
tween the same origin-and-destination
groups are used as the base (100 percent
trips) to which the postcard trips were
expanded. Expansion factors are omitted
for trap groups of less than 25 roadside
interviews and less than 6 postcards

returned.

Single Units = Plck-ups |
Othar 5irgle Units ]

Cocbimtions ]
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Care
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Figure 15. Percentage of postcards re-

turned for out of state trucks and out of

state passenger cars by registrationplates,
Stations 1, 2, 3, and 4, combined.

was started at 3 p.m. There may be some
indication that the percentage of cards re-
turned is somewhat higher the first hour or
hours of operation of the station than
throughout the remainder of the day. This
high point is also found for the exterior
stations at 7 to 8 a. m., the beginning hour.
Station 12, on the other hand, shows its
high hours at 7to 8 a.m. and 5to 6 p. m.,
though the passing out of cards was started
at 3 p.m. Station 12 is greatly different in
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Figure 17.

character of traffic than Station 11, for the
reason that it carries only local passenger
cars and light commercial trucks between
the college campus and the eastern area of
Ames, including the main business district.

Figure 5 shows that the returnsfrom the
passenger cars bearing an 85 (the local
Story County) license plate returned a
higher percentage of cards than did the
passenger cars bearing license plates from
all other Iowa counties combined. The
percentages for the hours of 11 p.m. to
7 a.m. are erratic because of low number
of cards returned. The downward trend of
the curve from 7 a. m. to midnight 1s evi-
dent on both the Story County and other
county returns.

The lower graphs of Figure 5 indicate
that there is little difference in the per-
centage returns hour for hour between the
returns from out-of-state registered pas-
senger cars and those registered in Iowa.
An important fact to keep in mind, however,
18 that in Ames, Iowa, because of the Iowa
State College, there are many out-of-state
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licensed passenger cars in operation daily
which are permanently kept in Ames, at
least from September to June. In the fall
of 1951 there were 510 out-of-state cars
registered with the college. About 1,650
Iowa cars from other than Story County
were registered and 2,955 Story County

cars. These cars, however, would not
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to destination ALl | stations combined
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pass Stations 1, 2, 3, or 4 frequently dur-
ing week days.

The curves of Figure 6 for trucks dis-
close but little significant difference in
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Figure 21.
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postcards returned by hours because of the
small number of cards passed out and re-
turned. Perhaps the curve for the pick-up
trucks in the lower section is higher than
the curve for other two-axle trucks because
the pick-up vehicles are mostly of local
ownership and use.
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Trip origin
to doestimation directions, all L stalfomw

1. AL arizins to caopro="azool 397 emmmmeems L

2. ALl origins to Ames city 139] e 1

3 ALl origins to Story county 677 ppmemesw ©

L ALl orizins to other counties 296 emmmmepem o

5. A1l origins to contigucus c08.73% pmmeneee o

6. A1) origins to all dost 077 ez o 2.7

7. A1l origins %o all dest. 2376 oryrryryIZy i 2.38
8. AL} origins to Amos city [/ ——'%

9. ALl arigins to contig, rural L7 weness—— o

10. A1l origins to contiguous co8.2L0 pess———— 1

11. All origins to other counties 15?2 e 1
12, A1 origins to Story county 99 epeesssssemensmme 1
13. 411 origins to contige mural 36 pue———— 1
1h. ALY oripins to states
15. A1l origins to statos

1 « inbound
o - cutbound

9} em————— O

60— 1

1. Compuseba=mol to all deat.

2. Azes city to nll Qest.

3. Contiguous cos, to all dest

L. Story county to all dest,

S. Othor tounties to all deat.

6. Contifuous coa, to all dast.

7. Contig, rural to all dest. . e—— 1

8. Ao city ‘o all deat.

9. States to all destinations
10. Story county to all dost
11, Other counties to all dest.
12. States to nll destinations

13. Contig, rural to all dest. 1) ee—— ©
o 1 2 3 L 5 6 718
Expansion Factor
Figure 24.
erigin Post cards Single-unit
::’:uumuon returned ALk luuom conblosd

DEOTD
1. Contiguoun cos. to Aoes oity L6 e
2, Contig. cos. to contig, cos, 26 e
3. Stary county to Amea oity 67 smmmmem—
Le ALl origins to Amas city
Se Comtig. cos, %0 SWry county 16 emmmsmem—
6, a1l originy to Story county 1) e
7. Contig. cos, to othar cos. 12 e——
6. Comtigucus rural to Ames city 9 ee————
9. Story county to all dest. 05 eme—
10. Contipguous rural to all dest,11? SEsse———

11, Contiguous cos. to all dest. 100 S

12, 411 origins to all dest, i) QZEZRLDID 2.95

1J. AL) origins to other counties 16

1. 411 origins to comtd ces LO

15, A1l origins t0 carpua-Parmel 27 eom————

14, Other countics to all dest 2] emwese————

17. Other cos. to conti cos. &

16. All arigins to contip. rural 7 e e—————————— 10,50 —

OUTBOUED

1. Ames city to Story oounty 59—

2. smos city to contig, rural 1)) ee——

3. Aoes oity to all destinations2l() esemwe

L. Story co. to 1 con, U

5. All arigins to contig. rursl 125 cos—

6. ALl origins to Story county 0f mee—

T+ Contig, cos, to Stary county 15 =

8, Carpus=Pamwl to all dest. 19 eo——

9. Contig. cos. to contif. cos, 17 SEEEE———

10. A1) origins to all dest. 327 QIAIIIIIYD 3.0L
1. imes city w0 4 cos, 3¢

12, Stary county to all dest.
1J. Al arigis to i
1. Comtig. cos. to sll dest.
15. Contig. rural to all dast,
15, ALl arigins to other 1es 17
17. Other counties to contig. cos, 6

18, All origim to etates 6 9.36
19. Other counties to all dest. 10 9.5
6 1 2z 3 4 6 1 8

Bxpansion rush:r
Figure 25.



Trip origin Post cards 8ingle~unit trucks inbound
to destination returnod All L stations coatdned
WITHOUT TOTALS

1. Contiguous cose to 4Das city Lb e

2, Contig. e, to comtige 0o, 26 eumm——

3. Story county to Amss city 67 ummmam—

L. Contig. cos to Story county 16 cmmmmmssssw

S. Contig. cos. o other cos. 12 co—

6 Comtig. rural to Anes city 92 em——

7 Al arigine to all dast ) rrrrrTTTTER 2.9

8 Other cos. to contig. con. 6 c————

TOTALS

1, All origins to Aoes city
2. A1l origins to Story county 3} cns—
3. Story county to all dost, 85 eomm—
L. Contipnous rural to all dest. 112 e
S. Contig. cos. to all dest. 100 qu———
6. AlL origine to all dest. 33 2.95
T. A1 origine to other 16

8. 411 origins to contig. cos. I a—————
9. ALl origine to cam 1 22

10, Other counties to all dest.
1. All origins to contig. rural

222 cmm——

2] as———
7 aons—————— 10,55 a—

o 1 2 3 b s 6 78
Bxpansion Factor
Figure 26.
Trip origin Poat cards Singla-urdt trucks outboumd
to destimtion amy
WITHOUT TOTALS

1. Aoes olty to Story county 59 cnmmm—
2. Apes city to rural 103
3. Story county to contig. cos. 1
L Contiguous cos. to 5tory cor 16 eemumesmmae

S All arigins to all dest. 327 errrrrrEErn 3.04
&. Contigs cose to contig, cofe 17 emmseswm—

7. ADes oity 10 contig. coumties 36 e

8, Other counties to comtig. cos.

o

TOTALS
1. Ames city to all dsatinations 210 cusssessme

2. A1l origims to oontige rursl 125 cumsm—

3o M1 arigim to Stary county 08 cmmmm—e—

Lo Cacpus-Paznel to all dest. 19 eo—

S. 411 origim to all dest. 327 xR 3.04
6 Story county to all dest, 26 c—

7. All origins to cos, B6

B. Comtige. counties to all dest, L2 et

9. Contic rural to all dest. 13 co—————
10 A1l origins to other 17

11, A1l origims to states L]
12, Other countias to all deat. 1

3
o
4]
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Trip crigin Poot cards 8ingle=urdt trucks both
to L-umm retarred directioms, all L stations
WITHOUT TOTALS

1. Contiguous coo. to ADes oity b commmme

2. Azeo city to Story county 59 eumme—

3. Story county to Ames olty 67 c—

L. Anes city to contig. rural Ok cos—

5. Anes city to Ames city 13 ee—

6. Comtig. cos, to contig. cos. L) ommmsesmm

7. Contigusus yural to Ames city 52 coe—"

8. Contig. cos. to Story county 32 cemswesssmmm

9. Story county to Stary county 15 e

10. All origima to all dest. 670 zrrrEIYn 2.99
11, Ames city to comtig. countles 35 emm—

12, Contig. rural to contig. rural 13 eesssseses—

13, Contig. cos. to other counties 17 emmesss——
1. Contiguous rural to Story co, 7 wsws—
15. Stary county to contig. cos. 10 eEESEss—"
15, Other counties o contig. 008 12 EEnEEE———————

TONLS
1, A1l arigins to Aoss city 226 c——
2, Amos ity to sll destinetions 222 m=—

$. Btory county to all dest. 11 e————

6. 411 origins to contig. rural 132 CeE—

7. Contig. rural to all dest., 125 cesesm—

8, A1l crigins to all dest. STOAIXZTIITIT] 2,99
9. Contiguous cos, to all dest, 15QeewmEm————

10. All origins to contig. cos. 126emeee——
11, All origing to campus-Parmel  2) SEEEEASEE——— "
12. ALl origins to other 3;

13. Other omunties to all dest. 3
1. States to a1l destinations

-]

G ——— 10 .19 e—

15. 413 origim to etates 9 12,59 amm—
o 1 2 3 4 5 6 7 8
Expansion Pactor
Figure 29.

Trip origin Post cards Contdrationn & Bussas

to destinstion returnod All i statioms combimed
IRBOUND

1. All arigins to Ases city D e—

2. Other coonties to contig, 19 e—

3. AY] origins to contig. €08 )} puee———

L. Othor counties to all dest. —

Se A1 origins to all dest. 98 oxrrmTTER 2.9

6. Contizuous cos, to all dest. 35

7. Coptir. cos to other cos n
8. A1) arigins to other los 21
9. Othor counties to states 6

10, States to all destimations 11

13, 211 origins to states 12

o 1 2 3 4 5 6 1 8
Expansion Pactor
Figure 27.
Trip arigin Post cards 8ingle-unit trucks both
to destimtion returned directions, sll 4 stations

1, Contiguous cos. to Ames city U e
2. Ames city to Story county 59
3, Stary county to Anes oity &7
b Ames city to contig, mural 1ol
S, All origins to Aoas city 226
6. Amas city to Aoes city pk)
7. Anes city to all dest. 222
8. Contig. cos. to contig. cos. kL3
9. Contig. rural to ‘mes city 92
10. A1l origime to Story county 121
11 Contig. cos, Lo Stery county 32
12 Stary county to Story caunty 15
13. Cacpus-Pazmel to all dest. 20
1. Story county to all dest. m
15. A1l origios to contig. rural 132
16, Contip. rural to sll dest 125
17. ALl origim to sll dest. 670
10, Contifuous cos. to all dest. 150
19. Aoos city to comtignuous cos. 3B
20. Comtig. rural to conti 1 13
21. Contir. cos. to other countieal?
22, All origim to 1 coal2é
23. Contig. rural to Story co. 7
24 ALl origins to carpus-Parmel 23
25. Story county to contig. cos 18
26. A1l origins to other ties 33
27. Other cos. to contig. oof 12
28, Otber counties to all dest. 31
29, States to all destimations 9
30. All origins to states 9

|| l' 3

pLELE
12,59 e
2 3 kL 5 6 1 8

Expansion Factor

-]
-

Figure 28.

1. All origins to Story county 19 e

2, Apes city to all dest 29 co—

3. ALl origins to contiguous ¢0s8.35 e

L. ALl origins to other cos. 29 e—

S. Contiguous coo, to all dest., 27 eo—

&, A1l origins to all dest. 97 EIATIIIIYYN 2.92
7. Other counties to sll dest. 2} eE—————m

8. Other cos. to contig. cos.

©

9. States to other 7
10. States to all 15
11. ALl origins to states [ 17.6%
o 1 2 3 L 5 6 1 8
Bxpansion Pactor
Figure 30.
Trip orizin Post cards Contiratiors * tmsses both
to destimation roturnad diroctisas, all L siations
1. A1l origins %o amos city 23 commm
2. AY ori iy to Story county 25 cmme
3. Azes clty @ all dost. 25 c——
Lo Conti_e co8 o contiy cos. 17 enswm—
S. Story county to all deat, 15 asweses
6. ALl origim to contig. cos. 72 es—
7. Other cos. to conti, cos. 20 euemesmess
8. Contip. cos, to Story county 9 c—————
9. Other counlies to all dest, 57 e————
10 Contiguous cos to oll codt. &2 ees——
1), Cortig. cos. to other coo, 2}  —

12, All oripins to all dest. 195 298

13, A1) arizins to other countios S5C emme———

1. Stotos to contizucus counties 7 eeese—

15 Stotes to othor countles 1 e—

16. Otrcr countles to states IC  c——

17 States to all dostimtlons 27 enew——
16+ ALl origins to states 18 10.61

-3
-

2 3 L 5 6 T8
BExpansion Pactor

Figure 31.
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Return By Station, Class of Vehicle and
Registration Plate

Figures 7 through 15 set forth the per-
centage of cards returned by classes of
vehicles by registration plate, direction,
and station for the 16-hr. and the 8-hr.
periods for all six stations.

Figure 7 indicates that the percentage
of passenger cars returning cards was
about 42 percent for the 16-hr. period and
only 32 percent for the 8-hr. period, all
four exterior stations combined and direc-
tions combined.

The comparison in Figure 8 is by coun-
ties, three counties contiguous to Story,

Trip origin to destination Post cards All vehicles cosbinod
Without Totala returned Stations 1 thru 4, Dir. 1
1, States to Ames oity 20

2. Other cos. to cacpup~Pammel 57—

3+ Other counties to Ames city 127 eummew

Story counly to carpus—Parmel 115 cmsm—

Contdg. cos, %o Amos city LEL cumm—

Stary county to Amss city 536 e—

Contig, rural to campus-parme) 75 e

Aoes city to campus-Parmel 3h e——

contig. co8 0 cxpus-Pammel 132 eem——

Contig. cos to contig. cos. 12) eem—

All origins to all dost. 287 @z 241

Contig, rural t0 Ames city 429 eppessswwss

Conti. cos. to Story county 75 =

Story county to contig. c02. 75 e———

Stary county to contige rural 19 mess——

Azes olty to rmes city 50 em—

Contig. cos, to other countieos 93 uees——

Other counties to Story co. 9 emses——

States to other 3 26

« States to contiguous counties 25 comsw——

« Othor counties to contig. cos. 72 e

« Othor counties to other cos. 5L
Story county to Story county 35 ee—
Contiguous rural to Story co. 15 eunee——

s Comtig. rural to contis. rural 1} eoesessm—

« Comtif, rural to contig. cos. 15 eesssesssees————
Contlg countiss to states
Story county to other cos.
Other counties to states 20

. States to atates 29

« Contig, cos, to contig. rural 10

SERFEEEEpanons

-
&
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1 2 3 4 s 6 7 8
Expansion Pactor

Figure 32.

the local Story (County 85), and other Iowa
counties. The variations in the percentage
returned from passenger cars is lowest
for Polk County (to the south from Station
3) and other counties, with Marshall Coun-
ty, which 1s east of Story County, having
a percentage about equal to that of Story
County.

Figure 9 shows considerable variation
in the percentage of cards returned by
exterior stations, though no particular
difference in the return by direction, nor
between Iowa registered cars and out-of-
stateregisteredcars. Thereisnoapparent
reason seen for the variation in percentage
by stations.

For interior Station 11, the US 30 east-
west highway through Ames, Figure 10
shows about a 49-percent returnfrom Iowa

Post. cards
roturned

1. All origins 0 campus-Parmel L20 s
2. All oricins to Ames city 1636
3. Stary county to all dest 796 e—

L. Contig. cos. to nll dest., 916 ees———

5. ALl origins to all dest. 2817 2.7

6. Qthar counties to all dest. 3h) ee—

7. Contig. rural to all dest. 55 eme————

8. Azes city to all dest. 90—

9. ALl origina to contig. cos. 31} ee——————

10. ALl origins to Story county 138 esmesees

All arigins to othor countieslfy emsesswesm—"

« States to all destimations 1l ce——

« All origins to contig. rural L5 c———
« ALl oricins to states 75

ALl vehicles combined

Trip origin to dsstination
Totals Stations 1 thru L, Dir, 1

EERE

o ¥ 2 3 L S5 6 7 8
Expansion Pactor

Figure 33.

registered passenger cars for both direc-
tions for the 16-hr. period as compared to
45 percent for the out-of -state cars. Sima-
lar percentages for the 8-hr. period are
38 and 24 percent, respectively.

The college-Ames east-west connection,
Station 12, indicates the reverse percent-
ages between Iowa and out-of-state regis-
tered cars as shown for Station 11, with
only 61 percent returns from the Iowa cars
and 69 percent from the out-of-state.
Again, the 8-hr, period produced a small
percentage return falling to 49 percent for
the Iowa cars and 42 percent for the out-
of-state. ForStation 12, however, it should
be kept in mind that the out-of -state regis-
tered cars as well as the out-of-county
registrations are quite largely local cars
that are based at Ames for the school year.

In Figure 12, Marshall County and Story
County registered passenger cars agamn
showup with high percentages as compared
with other counties.

Figure 13 affords opportunity to com-

rip oricin to destimntion Post cards All vehicles combimad
‘Tthout Totale returned Stations 1 thru b, pir. 2
1. Campus-Paruel to other cos, 30 cumms

2, Ames city to other countles 110 e

Je Carpus-Pammml to Story county 100 cmms

L. Story county to other cos. 1) as—

S. States to contiguous counties 35 eumsweww

6. Cazpus~Pazmol to rmes city 33 enem—

7. Anes city to Story county 507 emmme—"—"

8, Contige cos. to contig, cos. 1) enmmmmm—

9+ ADea city to states 26 e—

1C. Ames clty to conmtiguous cos, L1l ey

11. Contiguous cos. to Story co. 56 cammmmmens

12, Compus-Pammel to contigh rural 7) enes

13. Azes city to contiguous rural 47} eemmss

1}, Cacpus-Pazmel to contig. cos. 100 e

15. ALl origins to all dest. 280) QIIZZZZZy 2.47
16, Story county to comtig. cos, 77 mEE—"

17. Contig. coa. to other cos. 92 CEE—

18 o3 city to Anes city 55 enemtmiemtt—
19. Other counties to other cos.
20. Contig. rural to Story co. 17 e——

21. Othar cos. to contip. cos 7] eo———

22. Comtig. tural te contig rural 17 eo—

23 Story county to Story co. 36 conese——

2k, States to other 26

25. Story county o contig. rural 12 SEEEEEEESESne—

26, Contiguous countios to statos 20 SEEEEEEE—

27. Contic. cos to contig. rural 1l eome———

28, Contig. rural to contig. cos. 12 CEEEEEEEE—————
29. Other counties to Story co. G
30. Other counties to states 20—
31. states to statea n

63 en——

o 1 2 3 L 5 &
Bxpansion Factar

Figure 34.



pare the returns from passenger cars for
the 16-hr. period by interior and exterior
stations. For both the Iowa and out-of-
state registrations, the highest returns
were received from Station 12 with Sta-
tion 11 being in the middle, and the com-
bined exterior stations producing the low-
est percentage returns.

Figure 14 shows that the percentage
returns for Iowa registered vehicles from
the exterior stations are about 10 per-
centage points greater from passenger
cars than from commercial vehicles. The

TABLE 6

SUMMARY OF ADJUSTMENT OF ROADSIDE INTERVIEWS FOR
STATIONS 11 AND 12 TO STANDARD VOLUME 16-HR. PERIOD

Actual Number of Adjusted to
Interviews Standard Volume
Vehicle Interior- | Ext-Ext |Total [Interior{ Ext-Ext Total
Class Interior | and Int- |Trips|Interior pnd Ext- [Trips
Trips |Ext Trips| Trips [Int Trips
Station 11, Direction 1
Pass Cars 2,491 1,432 3,923 3,153 1,428 4,581
Single Unit 287 221 508 327 213 540
Combinations 8 7 85 7 72 9
Total 2,788 1,730 4,516 3,487 1,713 5,200
Station 11, Direction 2
Pass. Cars 2,522 1,305 3,827 3,208 1,283 4,581
Single Unit 298 239 537 327 213 540
Combinations 6 72 8 8 ki 79
Total 2,826 1,616 4,442 3,631 1,569 5,200
Station 12, Direction 1
Pass. Cars 1,728 249 1,977 1,918 242 2,160
Single Unit 09 19 118 108 22 130
Combinations 0 0 0 0 0 0
Total 1,827 268 2,095 2,026 264 2,200
Station 12, Direction 2
Pass Cars 1,748 280 2,028 1,987 293 2,280
Single Unit 103 27 130 104 26 130
Combinations 0 0 0 0 ¢ 0
Total 1,851 307 2,158 2,081 319 2,410

pick-up truck had a higher percentage than
did the other classes of trucks.

Figure 15 1llustrates about the same
trend for out-of-state trucks as is shown
in Figure 14 for Iowa registrations.

COMPARISON OF ORIGINS AND DESTINA -

TIONS OBTAINED FROM THE 100-PER-

CENT ROADSIDE INTERVIEWS WITH THE
POSTCARD RETURNS

As stated in the introduction, roadside
interviews for the 16-hr. period of 7 a. m.
to 11 p.m. were conducted at each of the
stations at which postcards were distribu-
ted. The roadside interviews were con-
ducted about 2 weeks after the postcard
field work had been completed and most
of the cards were recewved. As near as
can be judged, the traffic conditions were
comparable during the days of the two
separate surveys, except that on Wednes-
day, November 2, 1949, the day that the

25

Trip origin to vostimtion
Totals

Poat cards ALl vohicles combined

reliraod Stations 1 thru 4, Dir. 2

1. Campus-Parmel to all dest. I70 c—

2. Azes city o all cest. 1596 emm—

3. A1l origins to Story county 70l ee—

he 411 origins to other counties 32 anesees

3¢ All origins to contly <09, 863 emmmeme——

6. \11 orizim to all degt. 20\ prrrrorn 2.7

7 1 origins to contlse rwral 597 euseee—

B. Zoniig. cos, to all dest 165 cmmemm—

© 11l origina te Amms city 90 e——

1C. Story county to all dest, 1) c———

11. other countlaa Lo all dest 170 onmem——
12, 3tatss to all ian3 162
1), Sontd-, rural to all desi. U e—————
1 12 orizins to states 105 enmee—————

o 1 2 3 L 5 6 1 8
Bxpansion Pactor
Figure 35.

two interior stations, 11 and 12, were
operated for interviews, the day was un-
seasonably cold, windy, and generally dis-
agreeable to the field parties as well as to
the traffic. As aresult of thisbad weather,
the traffic on Station 11 was 1,442 trips
short of a normal week day, and Station 12
was 447 trips short. A detailed study of the
traffic at these stations as observed in the
manual count and classification the day
postcards were handed out, the hourly vol-
umes from the automatic recorders, and the
roadside interviews indicates that there
was no lessening of the through traffic, of
the interior-exterior traffic, nor of the ex-
terior-interior traffic on this Wednesday.
Practically the entire shortage came from
local passenger trips interchanging be-

Trip origin to destimation
‘ithout Totals

Post carus  All vehicles combined
returmed Stations 1, 2, 3 % 4 cozbimed
Directions 1 & 2 combined

1. States Lo ames city 2

2. Othor eounties 9 c2mPUI-"AMSl 57 e

3. Othor counties to Ams city 127 e

Le A5e0 city to othor counties 112 cumsmm

Se Campus-Pazrol to othor cos. 20 cm—

6 Carpua-Poasol to Story county 100 e
7 Story county to cxpua=manmel 116 eum—
3. Contiz cos. to Ames elty LE) en—
9. Canpus-"arel to izes city 1O ppm—
1C. Ames cliy to Story county 500 cmm——
1. 3tery coundy to Anos city SlO,
12, Armos eity to campus-Tacoel 37 c—
13. dmeo ci%, o states 26 eom—
. Cortis, rural %0 campusepammol 76 cu—
1C. imas city to contig. cos. 116 c—
16 Contig. cos. Lo contif. cos. 266 cw—

17. Cazpus-rarmol to contip. rural 7] e
16. Sontlz. cos. to cacpus-Pascel 132 eess—
19. Catpus-pammel to contigs cos. 100 cmmmwemwens
20. Contig. cos. to Story county
21, Ames clty to contip. rural
22, All origins to all dest. 5610 grorrrrrn 247
23 3tates to contiguous counties 6] eu——

2h. Contiguwue rural to Apes city L29 o

2. Story county to comtige cos. 152 ewsmmmpmm———"

26 Apos city to Anes city 105 c—

27. Comtiguous cos, to other cos. 105 eummmmemmesm—"

23. Other cos. to other cos.

29 Story county to centig, rural
30. Story county to other cos

31. Othor cos, to contig. cos,

32 States to other 52
33, Contiguous rural to Story co.
3li. Story county to Story county
35, Comtdg, rural to contig. rural 30 eos——
36. Other counties to Story county
37. Contig. rural to contig. cos.
38. Contiguous counties to atates
39. Contig. cos. to contig. rural

171 emnne—
L75 evemtvemteenr

117 c—
3] ep——

2l e——

k0. Other counties to states ko
Ll. States to atatea &
[} 1 2 3 6 17 8
Expansion Factor

Figure 36.
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tween the eastern and western areas of
Ames. Consequently, the roadside inter-
views were adjustedaccordingly (see Table
6 for a summary of these adjustments).
The origin-and-destination distributions
for Stations 1,2, 3, and 4 as determined from
the roadside interviews were used without
adjustment in comparing with the similar
results obtained from the postcard returns.

TABLE 7

expansion factor, by which the postcard
returns could be expanded to equal the
number of identical trips obtained in the
100-percent interviews for the 16-hr.
period. See Table 7 for a specimen table
of the data and calculations. This method
of comparison assumes that the traffic and
origin-and-destination distribution on the
days of thetwo separate surveys was com-

SPECIMEN TABLE SHOWING CALCULATION OF EXPANSION FACTORS FOR COMBINED STATIONS 1, 2,
) 3, AND 4, DIRECTION 1, INBOUND, PASSENGER CARS

Ames Campus 701-
Origins City Pammel 704
(1) (2) 3)
0. Errors 19.4 44 10
1. Ames City 131.5 74.5 11.2
00X-099
3. Campus Pammel 0 0 [}
4XX-5XX
3 701-702-703-704 865 2 144 9 339
4. County X85 959.7 _. 201.0 383
5 Contiguous Co. 762 7 252 5 48
8. Other Counties 162 6 75 8 1.0
7. States 24 0 7.2 0
8 Total 2,955 1 T0 3 130 2
1. Ames City 41 32 0
00X-099
2 Campus Pammel 1 1 0
4XX-5XX
3 701-702-703-704 335 68 9
4 County X85 461 111 19
5§ Contiguous Co. 410 127 ]
6. Other Countles 116 56 3
7 States 27 2 0
8 Total 1,307 T 58
1. Ames City 321 2 338 -
00X-099
2 Campus Pammel - - 0
4XX-5XX
8. 701-702-703-704 2.58 2.13 snM
4. County X85 2.08 1.81 2.02
5. Contiguous Co. 1.88 199 747
6 Other Counties 1.40 185 -
7. States — - ]
8 Total 2.10 1.92 3.02

Destinations
County Contigu- Other
X85 ous Coun- States Total Error
Countles ties
4) (5) ()] (Y] (8 9
24 1.9 12 19 34 2 2.0
50 0 10 0 223.2
0 0 0 0 0
49 1 45 8 14.1 88 1,163 0 1.2
118 1 163 6 48.4 213 1,555 1 41
148 1 227 1 189.0 770 1,715.6 44
19 8 170 0 155.2 84 8 669.2
41 63 8 45.6 159.7 304.5
1 2 2 0 78
0 0 0 0 2
9 12 3 2 438
26 68 9 3 698
55 20 70 17 775
[} 47 46 13 286
2 21 22 25 99
i1 o 152 80 2,318 1
- - - 0 2.88
0 0 0 0 -
5 46 3.82 - - 268
4 54 2.41 5.38 - 223
269 2.52 2.84 4.58 221
- 3.62 3.37 6.52 2 34
— 3.04 2.07 6 39 3.08
350 280 3 08 589 N

NOTE: Upper section of table gives the roadside interview trips between each origin and destination multiplied by the adjusting
factor to raise the number of interview trips to the number of post cards handed out.

The middle section gives the number of cards returned for each origin and destination pafr.

The lower section gives the expansion factor for each origin and destination pair, upper section divided by the middle section

The object of the comparison of the
origins and destinations of the traffic as
obtained by the two field methods was to
determine whether there was any unequal
returns of the postcards which could be
attributed to the origin and destination of
the trips. Inordertoaccomplishthis com-
parison, all postcardreturns byorigin and
destination pairs were summarized for
identical pairs of origins and destinations
as obtained by the roadside interviews.
The ratio of the postcard tripsto the road-
side-interview trips for each origin-desti-
nation group thus produced a conversion or

parable. So far as could be determined,
such assumption is valid.

In making the comparison of results ob-
tained by the two methods, attention was
focused on larger classes of trips, that is,
trips between larger areas or zones, rather
than the smaller tracts or individual coun-
tiesorcities. Ingeneralthe classifications
used as origins and as destinations are:
(1) states other than Iowa, (2) counties of
Iowa other than Story and other than those
contiguous to Story, (3) counties contiguous
to Story, (4) Story County, (5) rural area
adjacent to Ames city, (6) Ames city area,
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Figure 37.

and (7) campus and Pammel Court area of
TIowa State College.

This combination of origins and of dest1-
nations massed the data sufficiently so that
the number of trips in most trip groups
was large enough to give a reliable indi-
cation of the expansion factor. Further,
1n order to eliminate trip groups in which
the total number of trips was small, the
charts presented in the series of figures
do not include trips between origin-and-
destination pairs which had less than 25
trips in the roadside interviews or less
than 6 postcards returned.

Exterior Stations

Figures 16 to 24 present in detail the
comparison of the number of passenger car
trips as obtained in the roadside interviews
and in the postcard survey.

Figure 17, passenger cars mnboundfrom
all four exterior stations, 1s a typical
spread of the expansion factor, in this
case, from about 1.38 to 7.46 for the 29
listings of origin-and-destination pairs,
with 2. 38 as the factor for all trips com-
bmned. For these four stations combined,
an expansion on the basis of 2.38 for all
trips would state the number of trips from
other counties tothe campus-Pammelarea
as 172.5 percent of the true number and
state the number of trips from the con-
tiguous counties to the contiguous rural
area as only 31.9 percent of the correct
total. The other listings of origins to
destinations would lie in between these
two extremes.

Of the total of 2,376 cards returned
(Fig. 17) only 593 (Items 9 to 14) would be
expanded to within a 10-percent-plus-or-
minus range from the roadside-interview
total, should the expansion be based on the
ratio of cards returned tototal cards passed
to 100 percent of the traffic.
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A closer inspection of Figures 16 through
37 indicates that, in general, the pairs of
origins and destinations having one terminal
interior tothe exterior stations have a lower
expansion factor (a greater percentage re-
turn) than dothesetrips havingboth termini
exterior to the stations; this result is par-
ticularly evident for those trips from one
state through Iowa to another state.

Just how serious is this wide variation
mn expansion factors as related to par-
ticular classes of trips depends, of course,
on each origin-and-destination survey and
the specific applications of the results.
That the number of cards returned by the
passenger-car drivers was controlled to
an appreciable extent by the particular
trip, origin to destination, is evident from
this analysis.

Figures 25 through 29 present the ex-
pansion factors for single-unit trucks. For
these trucks, the expansion factor runs as
high as 12.59, or 4.2 times the average
factor. The general trends and sequence
of items on the graphs is similar to that
for the passenger cars.

Figures 30 and 31 give the expansion
factors for the combination vehicles and
busses. The number of busses is so small
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(less than 5 percent) that these data repre-
sent the tractor-semitrailer class almost
exclusively. The over-all expansion factor
of 2.95 compares to 2.99 for the single-
unit trucks, and 2.38 for passenger cars.
The range of the expansion factor for in-
bound combinations varies from 1.35 to
6. 85 and for outbound the range is 1.30 to
17.67. The generally small numbers of
trips makes the expansion of the postcard
returns for combination vehicles somewhat
more uncertain than for the two other
classes of vehicles.

The results for the combined four ex-
terior stations, both directions, and all
three classes of vehicles is given in Fig-
ures 36 and 37. With an over-all factor of
2.47, the range of 41 items of origin-and-
destination pairs is from 1.12 to 7.65. A
range from 10 percent belowand above the
average factor of 2. 47 would include Items
15 through 24 (Fig. 36) totaling 2, 129 trips
or 37.9 percent of the total of 5,618.

REBBEBERIRREESEBspupnrrryr S

Stations 11 and 12

Figures 38 through 42 show the expan-
sion factors for Stations 11 and 12. There
is a greater uniformity of rate of return
from the several origin-and-destination
pairs, as shown by Figure 38 for passenger
cars, both directions, Station 11, than was
achieved from the four exterior stations.
The range of the expansion factor of the
43 items (including the lines of totals) is
from 1.28 to 7.26. A range of 10 percent,
plus and minus, from the average factor
of 2.03 includes Items 6 through 26 for a
total of 3,441 trips from a total of 4,546
postcards returned.

Station 12, on Sixth Street between the
campus and eastern Ames, has an over-all
expansion factor of 1.62 forboth directions
and a favorable range of from 1. 30 to 3. 82
(Fig. 39). A 10-percent variation covers
Items 5 through 13 for a total of 1,687
trips from a total of 2,973 cards returned
from passenger cars. The more-favorable
range and distribution of the expansion fac-
tor for Station 12 no doubt is partially ac-
counted for by the high percentage returnof
58.5.

For gingle-unit trucks (Fig. 41) the
range of the expansion factor is greater
than for passenger cars and there is a less
clustering of the items about the average
expansion factor of 2.74 for Station 11.

Of the many charts presenting the ex-
pansion factors, Figure 42 for single-unit
trucks on Station 12, presents the most-
favorable distribution of factors. True,
not many of the origin-and-destinationpairs
qualified (25 or more trips in the roadside
interviews and at least 6 postcards re-
turned), but suchasare presentedare with-
in a range of 10 percent plus or minus of
the average factor. The expansion factor
for trips inbound tothe campusis 2. 80 and
for the outbound trips the factor is 2. 63.
The reverse order of magnitude could be
expected because of the convenience of re-
turning the cards from the college offices
through campus mail.

DISCUSSION OF RESULTS

The following items are presented as
being significant results brought out in the
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preceding presentations of the information
assembled from the postcard origin-and-
destination study and a comparison of the
results therefrom withsimilar results ob-
tained by roadside interviews:

1. There is some tendency to are-
ducing percentage of postcards returned
starting with the morning hour of 7 to 8,
and continuing to midnight.

2. The 8-hr. period from 11 p.m. to
7 a.m. produced a significantly less per-
centage of returns than did the 16-hr.
period from 7 a.m. to 11 p.m.

3. About equal percentages of returns
were received from the inbound and out-
bound traffic streams. At least between
the various hours and various stations there
was no consistent pattern of differences.

4. A smaller percentage return of
cards was received from the drivers of
trucks thanfrom drivers of passenger cars.

5. For the two interior stations, the
locally owned and operated vehicles pro-
duced a higher percentage return than did
the vehicles bearing a non-Story County
license plate.

6. There was considerable variation in
percentage return of cards, station to sta-
tion, county to county of registration, but
no explanations are evident of the cause of
the variations. The one exception is that
the high percentage return of 58.5 percent
from Station 12 is attributed to special
letters sent to the college employees and
that many drivers through Station 12 were
most willing to cooperate in the project
because of personal relations, friendly and
professional, with those in charge of the
survey.

7. For the traffic volumes encountered
and for the wide dispersion of origins and
destinations, many pairs of origins and
destinations had sofew cards returned that
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any expansion of the small return would pro-
duce unreliable information. This situa-
tion was particularly true of the single unit
trucks and of the combination vehicles.

8. There is a smooth range of expan-
sion factorsfromroughly 1. 3 to 8.0 for the
postcards returned for particular pairs of
origins and destinations to bring these re-
turns up to thenumber of same trips found
in the roadside interviews at the same sta-
tions for the 16-hr. period of 7 a.m. to
11 p.m.

9. There seems to be nospecific rela-

Conclusions and Final Discussion

From the results of this study of the field
postcard method of gaining origin-and-desti-
nation information of traffic, there is evi-
dence that the expansion factors should be
carefully determined, preferably by classes
of vehicles, registration plate, and by hours
of the day. Even so, there 1sno assurance
that the expanded results would be in an ac-
ceptable agreement with the actual distri-
bution of trips by origins and destinations.
This study (Figs. 16 to 42) developed a
wide variation of expansion factors for the
various origin-and-destination-trip groups
and without sufficient consistency that the
tion between the expansion factor and the
geographical location of the origin-and-
destination pairs, other than, in general,
the factor is lower whenone termini is in-
terior to the station than when both termini
are exterior. Generally, trips from one
state across Iowa to another state resulted
in higher expansion factors than did other
types of trips.
correct factors could be anticipated and



30

agsumed ahead of knowing the true dis-
tribution of the trips.

Unfortunately, with the postcard method
there is no means available of checking the
correctness of the expanded returns once
they are expanded to trips between specific
origins and destinations.

There may be applications of the post-
card method for which the approximations
of the traffic distribution by origins and
destinations as gained by thefield postcard
method would be sufficient, or surveys in
which such high return of cards is obtained
as to render errors of expansion within
acceptable tolerances. Even so, it would
appear that some roadside interviews
should be conducted in order to get a basis

of evaluation of the reliability of the post-
card returns.

The returns for the 8-hr. night period
were so small, that expansion of a station
to a 24-hr. day on the basis of the 16-hr.
survey would be as accurate as expanding
the questionable small return for the light
night and early morning hours.

Although the serial numbering of the
cards and the manual enumeration of traf-
fic in 2-min. periods was adopted for pur-
poses of research andcomparison with the
roadside interviews, similar provisions
would be advantageous for other surveys.
Perhaps a 5- or 10-min. interval would
be desirable rather than the 2-min. period
used in this survey.
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Sampling Methods for Roadside Interviewing
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H.L. MICHAEL, Research Engineer, Joint Highway Research Project, Purdue University;
R.M. BROWN, In Charge Metropolitan Area Traffic Survey,
State Highway Commission of Indiana

PART 1. SAMPLING THEORY

PART I of the paper is concerned with an appraisal of the sampling errors in
the estimates of the trip frequencies for the various cells of an origin-destina-
tion traffic-survey tabulation.

A mathematical exposition is given of the expected errors when the sampling
is done at random, by time clusters, and by volume clusters. The paper also
discloses the results of an empirical investigation into the sampling errors that
actually arose when various sampling methods were applied to the origin-desti-
nation tabulations of the Lebanon and Kokomo, Indiana, surveys. These ex-
perimental results were in general accord with the theory.

It is concluded that on the average, for the large number of estimates in-
volved in any one survey, the theory of random sampling will satisfactorily
explain the errors which arise from the various sampling methods proposed.
The results given make it possible to predict the average errors and proba-
bility limits for these errors when a particular amount and type of sampling
has been done. Conversely, one can determine the amount of sampling nec-
essary to keep the sampling errors within specified probability limits.

PART II. PRACTICAL APPLICATION

IN this second part of the paper, the practical application of sampling to actual
field conditions is presented. Station arrangement and sampling procedure
for obtaining samples of 50 percent and 25 percent as developed during the
conduct of an origin-destination survey at Richmond, Indiana, are discussed.
Operational procedure for two sampling methods, volume cluster and time
cluster, is given for two sample sizes and for locations having various road-
way conditions. Sampling on two-lane, three-lane, and four-lane highways
carrying traffic volumes ranging from 1,000 to 12,000 vehicles per day is
shown to be both practical and economical. The advantages of each of the two
sampling methods for various locations are enumerated.

It is concluded that the use of systematic sampling in the taking of roadside
interviews is not only practical and economical but that it has definite opera-
tional advantages. The conclusions indicate that a predetermined sampling
procedure will place interviewing on a business-like basis that (1) is recog-
nized by the vehicle operator and the community; (2) promotes efficient op-
eration of the interviewing stations; and (3) produces statistically sound results.

@ IN recent years, origin-and-destina-
tion studies havebeen of prime importance
in the planning, design, and operation of
highway facilities. The data from such
surveys provide a basis for determining
the demand, location, typé, and magni-
tude of new facilities, as well as important
facts concerning their operation.

The methods of obtaining the desired
data have necessarily been of recent de-
velopment. Data collection within the
survey area has been by means of home
interviews, postcards, observations of
license plates, route interviews, or com-
binations of two or more of these. All
have been used with varying degrees of
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success, but only a few actual studies of
the relative accuracy and the advantages
and disadvantages of each of these methods
have been reported. Only the home inter-
view method has received important study
toward placing it on a scientific, statisti-
cally sound basis (5). One of the purposes
of such studies has been directed toward
the proper selection of anadequate sample
that would be just large enough to produce
accurate results in the most economical
manner.

Origin-and-destination data of persons
entering or leaving the survey area are
generally collected by means of roadside
interviews at an external cordon. The
methods ordinarily used to obtain the
necessary information at the cordon result
in the selection of a sample which, it is
assumed, has been selected in a random
manner. In alarge majority of the past
surveys it is probable that an unbiased
sample was selected. A highpercentage of
the total traffic, however, was often inter-
viewed, so as to minimize the possibilities
of obtaining a bias. It is clearly recog-
nized that such almost total sampling is
unwarranted if the sample selection is
truly random.

The "Manual of Procedures for the Met-
ropolitan Area Traffic Studies" of the
Bureau of Public Roads states that'""Rep-
resentative samples of traffic passing each
station in both directions should be inter-
viewed." The same manual suggests that
in selecting the representative sample:

No attempt should be made to select for nter-
view a definite predetermined percentage of vehicles
passing each station. The number of interviews
obtained will depend entirely on the number of in-
terviewers assigned to the station and the num-
ber of vehicles passing. The recommended policy
is to assign sufficient personnel to each station

to interview approximately 50 percent of the traf-
fic passing during peak periods. During the re-
maining hours of operation the crew will, of course,
be able to interview a greater percentage of vehicles
passing the station.

The question, however, arises if the
selection of such a sample is truly un-
biased. Do the interviewers, as good as
they may be, have the ability to select an
unbiased sample in the field? Do some
interviewers select a preponderance of
obviously easy interviewees, local ve-
hicles, vehicles containing friends or
relatives, or vehicles containing attractive
girls? Do some interviewers select too-
few foreign vehicles, trucks, or vehicles
whose drivers were previously inter-
viewed? Are interviewers prone to pass
some vehicles through the station in the
interest of less work for themselves?
Under such a method, are the vehicles
that are interviewed selected randomly
over the hour or over that period for
which factors are later to be computed?

These questions, undoubtedly, cannot
always be truthfully answered in a manner
which assures an unbiased sample. Fur-
thermore, the question arises as to what
size of sample will give adequate results.
Certainly there can be no warrant to take
a 75-percent sample if a smaller sample
will give the necessary information as
accurately as required.

It is generally recognized that a method
which would assure the selection of a
random sample would be of great value to
roadside interviewing. The purpose of
this paper is to examine the errors which
could be expected from the use of various
sampling rates and sampling methods and
the practicality of these methods under
field conditions.

PART I. SAMPLING THEORY

Irwin Miller and P. E. Irick

@ AT a particular external-survey sta-
tion, incoming traffic can be considered
to originate at the station and have d, say,
different destinations. Outgomng traffic
destined for this station can have d dif-
ferent origins if d+1 is the total number of
internal tracts and external stations. Ve-
hicles passing through a single station can
have one of second origin-destination (O.
D.) combinations. For any one of these

0.D's we define the universe to consist of
the N vehicles which could, by virtue of
the direction of traffic flow, have had the
specified O.D. during the time that the
survey station is open. One universe serves
for d O.D. cells in the (rectangular) O.D.
tabulation. If this universe is sampled in
some predetermined manner, the sample
estimates of the universe O.D. frequencies
are subject to chance variation. It 1s our



purpose to appraise these errors of esti-
mation. We shall first consider the samp-
ling theory that evolves when one makes
certain assumptions about the universe and
the nature of the sampling. Secondly, we
shall show the results of an empirical in-
vestigation into these sampling errors.

RANDOM SAMPLING

Let T be the number of vehicles na
universe of N vehicles which have a par-
ticular O.D. If a sample of n vehicles is
chosen at random from the N, and t of
these have the O.D., then

%=§t 1)

is an unbiased estimate of T. The samp-
ling variance of T is known (1,p115) to be

. - n\ N’pq @
var(T) ( 1) =
where p = T/N, the universe proportion

having the 0.D., and whereq=1 - p. We
sh 11 consjder the coefficient of variation

CV(‘il‘), to bg a measure of the per-
centage error in T whicharises because of
sampling variation. This measure is de-
fined by

cvR) =[ar®) 4 3)
T

where Equation 3 gives the decimal equi-
valent of the percentage error. Substitu-
tion of Equation 2 into 3 gives

ever-[N9 T4 @

If the sampling rate is designated by r=n/N,
and if N is large relative to T, we have the
approximate formula

cv(t) = I:(l_rl_‘) %7’ . (5)

Since the universe is not defined until
after the period of the survey, there is no
opportunity to construct a chance mechan-
ism for the selection of a random sample
of n vehicles. One might regardany subset
of the universe as being a random sample,
but in such a case there would be no as-
surance that the foregoing formulas were
applicable. As soon as one turns to some
objective method for selecting the subset,
then it becomes necessary to study the
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sampling variances associated with this
method. We shall discuss various cluster
sampling methods.

CLUSTER SAMPLING
General Theory

Let the universe be divided into G clus-
ters of vehicles, and let the sample consist
of g of these clusters. Each cluster is to
be completely interviewed, and so there is
no sampling variation within clusters. It
could be that the g clusters are drawn at
random, or that they are chosen syste-

matically, taking every kthuniverse cluster
into the sample. Let ti be the number of

vehicles in the i*! cluster (i = 1, 2,...,G)

which have the specified O.D. and let

g
t==2 ti be the number of vehicles with the
i=1
O.D. which are found in the sample. If
the expected or average value of each ti’

with respect to all possible samples of
the type selected, 1s T/G, where
T=53t,,
i
i=1
T = Qg t 6)
is an unbiased esti
ling variance of

then

ate of T. The samp-
is given (1,p.193) by

var(T) E—f)- var(t,) )
var(t,) ='§’i§1(ti . (_1;)‘ : (8)

The cluster to cluster variance, var
(ti), is a universe parameter peculiar to

where

theuniverseand the clustering device which
has been used. Formula 7 is valid when
the g clusters in the sample have been
chosen at random from the G available
clusters. If the sample clusters are taken
systematically (2, p. 157),

g-1 2
var(T)=[1+§- 51 &) qu% var{t) (@)

where pjk 18 the serial correlation co-
efficient defined by

pjk = (10)

k(igf-lj) (ti -_g)(ti * ik - %)/k(g ) var(ti).
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If the ij values are negative, the im-

plication 1s that sample clusters with un-
usually high ti values will becompensated

for by other clusters in the sample with
lower than expected ti' In fact, if the Pik

are sufficiently negative, var('/I‘\) from
systematically chosen clusters will be
less than var(’f) from randomly chosen

clusters. The equality of these two vari-
ances occurs when
g-1 . . =-gg-1) (11)
]§1 (g']) Pik = —2'(5'—_ 1)

There is empirical evidence, to be men-
tioned later, that Equation 11 may be satis-
fied on the average for the various O.D.
cells in a given survey when particular
types of clusters are used. More investi-
gation of this sort should be done, but in
the present discussion we shall use Equa-
tion 7 todescribe the sampling variation in

Substituting Equation 7 into 3 we have
the expected error for cluster sampling.

TABLE 1

CHARACTERISTICS OF SAMPLING VARIATION
IN TIME CLUSTER MODELS

Time G EFlar(tl)] [cvir)® |95% limits] i [cvgr]]' ;
uster L =T'g=2 g=J|for var(t,) [ g=1g-2g-3
0min 2| 297 |4 sor |1

1sminfel tor |3 1 wor |2 250
omnfe| wr |3 2 L s fLO7T 44323

If a sample of g clusters has been taken,
var(ti) can be estimated by

ar(t)= G-1) & (.- YHe
T G- 5 18

The question arises as to whether one can
make any appraisal of var(ti) beforea sam-

(13)

ple is taken. This can be done only if one
assumes some mathematical model oY
theoretical mechanism for any particular
clustering procedure. One mechanism
described in the literature (1,p.198) as-
sumes that the clusters obtained in any one

A _ 2 1 sample represent a random selection from
CV(T)=K—H)-S y%l-.;-(-tiﬂ/a . (12)  all possible clusterings of the N universe
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cars into the G clusters. This supposition
leads to an average or expected value

E[var(t ) (G—G',—I)T(l - 11:1) )

(14)
We shall discuss two additional models
which seem tobe intimately relatedto prac-
tical sampling procedures.

Time Clusters

In this method of sampling the survey
period is divided into hours, then each hour
nto the same number of equal time inter-
vals, say 15 min. Let G be the number of
intervals in each hour, and ti be the total

number, over all hours, of vehicles which
have the O.D. 1n question and which are

found in the ith time interval. Then the
extent of sampling variation, where the
sample 1s to consist of g from the G clus-
ters, 1s dependent upon var(ti) as 1n Equa-

tion 7 or 9 depending upon how the g clus-
ters are selected. To estimate var(t]) we

shall assume that the T cars having the
O.D. represent independent "trials" such
that there is probability 1/G for each car
to fall intoany one of the Gintervals. Under
this assumption it can be shown that the
expected value of each tl 1s T/G, and from

this that Equation 6 gives an unbiased
estimate of T. Furthermore, from Equa-
tion 8,

2
var (t )= Iz’k, where)¢ = g (t -T)R/T.
" G £ = TR
1=1 G
x? follows the chi-squared probability law

with G - 1 degrees of freedom. Since the
expected value of X*1s G - 1, we have

(15)

E[var(tl)]=(-G—G-zl)T, (16)

and the corresponding expected error 1s,
from Equations 16 and 12,

cv(%)=[(9é—g}%% .

Probability limits for var(t.,) can be set
using tables of chi-square. TAble 1 shows
several values for Equation 16, upper 95-
percent probability limits for var(tl), and

am

corresponding values of the squared coef-
ficient of variation for several sample
sizes.

Among the various O.D. cells 1n any

one survey, it is almost certain that one
will encounter varying degrees of lack of
independence of thetype assumed. It would
seem that any theoretical model can only
be true "in the large" and that its ap-
propriateness can best be judged in the
light of empirical evidence. Figure 1l shows
quarter-hour variances for 68 cells 1n an
O.D. tabulation to be described later
(Lebanon). Figure 2 shows the half-hour
variances for the same cells. The solid
and dotted lines are plotted from expected
values and probability limits givenin Table
1. The serial correlations for the quarter
hour clusters 1n these cells variedcon-
siderably, but averaged tobe -0. 33, which
happens to be the value specified by Equa-
tion 11.

Tables 2and 3 give the data for Figures
1 and 2 respectively. The ti values are

vehicle counts over a 12-hr.
time.

period of

Volume Clusters

Suppose that the universe of N cars is
divided into consecutive sets of ¢ cars each
so that there are N/c (approximately) such
sets. We may take c to be the number of
1nterviewers on duty at the survey station.
Let g such sets be interviewed, then G - g
sets waved through the station without being
interviewed, etc. Then the universe has
been clustered into G clusters, g of which
appear inthe sample. The 1thsuch cluster
has t; vehicles which have the O-D 1n ques-
tion and (N/G)-t; which do not. We as-
sume that, for every vehicle, the proba-
bility of having the O-D, p=T/N, 1s in-
dependent of the probability of being in any
particular cluster, and that the latter
probability is 1/G. This model then de-
scribesa 2 x G contingency table (2, p. 227)
and, under the assumptions,

%= G® var(t)

q
has nearly the probability distribution of
chi-squared with G - 1 degrees of free-
dom. The expected value of var(t,) is as

in Equation 14, and using this average
value in Equation 12 we obtain

. oviffesgL )

where T 18 calculated from Equation 6.
Again we have considered the systematic

(18)

(19)
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selection of the g clusters to be equivalent
to the corresponding random selection.
Comparison of Equation 19 wath 17 and
Equation 18 with 15 shows that Table 1 can
be used for this volume cluster model pro-
vided the factor q =1 - I_'E is inserted as a

multiplier for each entry there. Figure 3
and the accompanying data in Table 4 shows
68 observed values of var(t;) from Kokomo
universes where G=2, g=1, N = 2,000
(approx.). These variances, however, are
not from true volume clusters as will be
pointed out later. Table 1, modified as
just stated, givesthe solidand dotted curves
in Figure 3.

In summary it should be pointed out that
Formula 14 substituted into Equations 12,
16, and 19 are very similar, and in fact,
that all three are practically equivalent to
Formulas 4 and 5. This is so because the
assumptions made for cluster sampling
have led to the conclusion that we shall ex-
pect cluster sampling errorsto average to
be the same as random sampling errors
even thoughthe two types of errors may be
different for a single universe. Having
discussed the theoretical sampling varia-
tion to be expected through the use of these
methods, we now turn our attention to the

37

TABLE 3

HALF HOUR VARIANCES - LEBANON DATA

T tl t2 va.r(ti) T tl tz var(ti)
411 3 1.0 36 | 16 | 20 40
6] 2 4 10 38 | 13| 25 36 0
8] 3 3 0 42 | 16 | 26 25.0
T 2 5 22 43 | 26 | 17 20 2
71 3 4 .2 44 ) 24| 20 40
8| 4 4 0 45 | 27 | 18 20 2
8| 3 5 1.0 48 | 27| 21 90
9| 8 3 22 55 | 30 | 25 6 2
10| 4 8 1.0 69 | 27 | 32 6 2
1] 6 5 .2 68 | 39 | 29 250
11} 5 [} 2 71 | 38| 33 6 2

12 3 9 890 72 133 )| 39 80
12 7 5 1.0 74 | 32 | 42 250
13 | 10 3 12 2 78 | 28 | 50 121.0
4] 8 [ 10 82 | 40 | 42 10
16 | 11 5 9.0 93 | 38 | 55 72 2
16| 8 8 .0 94 | 52 | 42 25.0
171 9 8 .2 99 | 43 | 56 42 2

200 8 (11 10 105 | 658 | 47 30.2

21 9 |12 22 110 | 83 | 57 4.0
21| 7 |14 12 2 112 ( 59 | 53 80
22113 9 4.0 123 | 57 | 66 20 2
22 113 9 40 124 [ 55 1 69 498.0

24114 |10 40 129 | 65 | 74 90.2

26113 |13 0 185 | 94 |101 12 2

271|118 |11 62 198 | 88 | 100 10

27|11 j16 6.2 203 {101 |102 .2

28|16 |12 40 205 (121 | 84 342 2

29115 |14 2 226 |117 | 109 16 0

32|14 |18 4.0 236 |112 |124 360
33|20 |13 12.2 1111 |581 |530 850 2

34 (18 |18 2 1218 |626 |582 289.0

3521 |14 12 2 1758 |864 |894 225.0

35| 20" |15 6.2 1885 |086 |909 | 1482 2

observed sampling errors which arose
when these methods were applied.

DESCRIPTION OF EMPIRICAL
INVESTIGATIONS

The results of census surveys taken at
Lebanon and Kokomo, Indiana, comprise
the universes from which samples were
drawn in an empirical study of sampling
variances. It was impracticable to inter-
view every vehicle when traffic was un-
usually heavy, but over 90 percent of the
traffic was interviewed in each survey,
making it reasonable to regard these sur-
veys as complete, Table 5 shows the O.D.
frequencies for the Lebanon survey.

Traffic at Lebanon was interviewed at
eight different external stations) and the
area was divided into 24 internal tracts.
Vehicles passing through Station 8, for
example, could have had 24 internal-ex-
ternal O. D. combinations, and 14 through-
trip combinations (7 inbound and 7 outbound)
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or 62 in all. For the O.D. Cell 8-010, the
universe consists of N = 4703, 4 vehicles
inbound through Station 8, For the O-D
Cell 8-3 the universe has been taken to
consist of the 4,703. 4 vehicles which went
through Station 8 in the inbound direction,
plus the 947.7 vehicles passing through
Station 3 in the outbound direction, or
5,651.1 vehicles in all. As can be seen
in Table 5, the respective T values for
these cells are 91.6, and 184.8. These
values are not actual counts, since the
counts were adjusted for day to day and
other variations by means of several fac-
tors (3).

100 |
50 |00
.
~
20 L >, N
~ N
'\ ™~
10 100 P - [Hyooto
~ : ~
~ 3
s < —~ N re2n <
H]
5 -—
£ %0 ~ < N
LY ‘\ ~{w T~ N
z \\\ ~ ~\‘
§ 2 |20 '(‘ N
& S \N\\
w ~. N
g ] 10
a -
w O
a -
s|s
2|2
' 0 20 80 00 scsten

100 200 800 1000 2000 5000 10000 gcsie 8
UNIVERSE POPULATION OF O-D CELL

Figure 4. Expected errors due to uniform
sampling (for various sampling rates).

Types of Samples

The data for eachuniverse interview was
recorded on apunch card. The card showed
the quarter hour of the hour in which the
interview was taken and serial numbers
were assigned to the cards within the
quarter hours. However, these serial
numbers were not necessarily in the order
of occurrence of the interview, due to the
fact that several interviews were being
conducted simultaneously. Consequently,
time-cluster samples were limitedto rates
of 25, 50, and 75 percent, and it was felt
reasonable only to consider the volume
cluster sample which compares even and
odd serial numbers. Such rates are de-

TABLE 4
VOLUME CLUSTER VARIANCES - KOKOMO DATA

T ' tl ! ‘2 . var(tl) T tl tz var(ti)
6 2 4 ! 1o 39 21 18 2.2
7 8 4 ' .2 | 40 19 21 1.0
7 38 4 2 | 42 20 22 1.0
8 5,83 + 10 42 20 22 1.0
9 6 .3 2.2 42 17 25 16.0
10 5 5 0 45 23 22 .2
10 4 6 10 ! 46|28 18 25.0
11 8 3 : 82 46 . 22 24 1.0
1M 2 9 122 491 24 25 .2
14 8 8 10 55 - 20 28 2.2
1
15 12 | 3 202 ' 57 19 38 40.2
15,8 7 .2 57 30 27 22
SUELST I | 22 , 61 2 32 22
17 12 5 12.2 62 40 22 81.0
18 9 98 ! .0 62 36 26 25.0
19110 9 2 . 65 83 32 .2
21 6 15 , 202 65 31 34 2.2
23 12 11 1 .2 66 29 37 16,0
25 18 9 12.2 7T 35 38 .2
26 10 |18 9.0 85 44 41 2.2
26, 7 l19 ' 3.0 97 48 49 2
2711 . 18 6.2 100 49 51 10
20 14 '15 2 107 41 68 | 156.2
30;18 12 9.0 143 , 17 68 30 2
3 13 17 . 40 144 69 75 9.0
31114 )17 22 1164 8 75 490
31 10 |21 | s0.2 108 112 84 | 196.0
31,13 [18 | 62 2271 112 115 2.2
34120 |14 | 90 213 152 121 | 240 2
3114 |21 | 12.2 281 139 | 142 22
35 16 |19 2.2 200 145 {154 | 20.2
36.14 |22 | 160 427 (210 | 217 12.2
37 24 |13 | 36.0 | 475 243 | 232 30.2
3721 |16 6.2 | 532 |255 |277 121.0
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TABLE §

ORIGIN AND DESTINATION UNIVERSE TABULATION OF NUMBER OF
VEHICULAR TRIPS FOR LEBANON BY-PASS "BEFORE" STUDY

External Stations - Origins

External Stations - Destinations

1 3 5 8 10 11 13 14 1 3 5 8 10 11 13 14
61 37 11 11 22 15 13 00 00 001 54 00 12 44 00 00 00 00
002 167 23 13 153 12 00 22 63 002 73 45 15 166 45 24 1.1 12.0
003 67 47 11.1 249 53 40 1.3 108 003 10.2 9.8 117 304 3.0 45 37 98
004 165 177 292 404 233 101 49 350 004 150 199 323 345 169 65 4.3 18.4
005 55 24 102 248 58 100 9.2 151 005 61 1.1 55 325 4.4 20 11.9 9.2
L08 24 128 113 308 145 78 117 1898 006 55 104 9.8 32.2 80 9.3 9.3 20
£007 10 211 156 90 56 00 00 10 007 43 7.8 100 24 3.1 00 00 11
£008 304 409 623 516 132 225 143 598 2008 499 559 592 548 159 156 17.8 543
f009 81 171 194 424 62 74 128 247 ®H009 14.5 21.5 200 489 105 34 117 24.8
010 411 509 570 916 333 42.7 266 6715010 361 469 761 837 306 210 209 689
go11 24 38 0% 141 7.1 30 18 1225011 54 43 0.0 139 55 51 2.7 130
,012 8.5 21.4 170 323 61 32 33 188 012 111 277 139 258 T1 LT 86 218
2013 41 19.0 297 119 56 73 72 1815013 49 235 354 104 73 74 50 222
G014 208 49.4 485 T11 117 139 79 305 8014 252 37.8 40.9 639 149 115 122 317
5015 163 2 193.9 2030 2787 67.3 1003 745 1676 S 015 1341 1209 1005 2425 78.1 148 721 479
S018 129 265 76.3 3090 182 207 208 33.3 3016 143 268 61.4 416 318 381 250 201
2017 168 160 284 8490 185 369 156 273 5017 174 2690 290 774 254 233 197 360
§018 22 28 1O 72 1.1 00 00 00E018 41 10 53 77 38 00 00 2.3
019 151 179 270 565 184 190 60 238 ~ 019 155 224 342 523 193 178 114 322
020 65 37 45 292 53 11 47 165 02 74 13 67 237 9.3 1.2 22 118
021 91 208 330 463 185 167 109 358 021 162 146 303 419 188 17.8 127 408
022 13 10 1865 62 13 00 00 29 02 30 00 87 9.2 13 00 00 12
023 23 29 63 199 67 54 184 65 028 10 23 69 100 55 52 139 46
024 11 13 286 25 97 27 00 38 024 40 00 80 2.5 25 00 00 32
External Stations - Destinations

, 1 3 5 8 10 1 13 14

a 1 128 678 41756 1038 10.6 36 00

g 3 4.4 264 2068 2202 76 66 316

§2 5 620 272 384 656 144 156 1110

BE 8 39496 1848 252 202 84 80 498 2

g% 10 1324 168.8 626 300 32 12 1984

£°u 132 46 94 114 236 0.0 120

£ 13 0.8 7.2 180 90 12 12 10

d 14 00 442 1316 5238 2180 80 2.4

sirable, however, in that theypermit rea-
sonable frequenciestoappear incells with
small T values. The following samples
were selected for study.

Sample 1 is a volume cluster sample,

each cluster consisting of gvehicles. The

sample selected represented the even seri-
al numbers, and thus isa 50-percent sam-
ple withG =2, andg=1,

Sample 2 is a quarter-hour time-cluster
sample. A 50-percent sample was obtained
by choosing vehicles which were inter-
viewed in alternate directions by quarter-
hour time intervals. Thus, G=4andg=2
in this case.

Sample 3 differs from Sample 2 only in
the use of a half-hour time interval, or in
that G = 2 andg = 1. Both Samples 2 and 3
would be expected to provide 50-percent
samples, since the inbound universe was
sampled in the periods during which the
outbound universe was not sampled, and
vice versa.

Sample 4 combines both the volume
cluster technique of sample 1 and the time
cluster sampling of sample 3. In this sam-
ple the even numbered vehicles were inter-

viewed every other half hour, yielding an
expected 25 percent sample.

Sampling Errors

A After a drawing of any of these samples,
T was computed from Equation 6 for each
cell, and compared with the corresponding
universe frequency, T. Therelative error
of estimate in this cell is given by the

formula |4
JT -7
e=—g" (20)
Table 6 shows the relative errors in percent
arising from Sample 2 drawn from the Leba-
non universes. Similar tables have been
constructed for the remaining samples
from both surveys (4).

The variance of t; has been computed
directly from the universe data in the case
of cluster sampling. Graphs of these val-
ues versus T are typified by Figures 1, 2,
and 3, and showthat var(t;) is approximately
proportional to T. Then it follows from
the theory that

cv(r‘)=T (21)
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hour sampling.

where K is a constant which will be left
for the data itself to determmne. In order
to estimate K, let us first make the fol-

lowing change of variables. Let
v=[cvD)*; x-1 (22)
When this is done, Equatlon 21 becomes
Y = KX. (23)

Now each complete sample, as 1illustrated
in Table 6, givesrise tos numbers ej, one
for each O.D. cell, and the universe tabu-
lation (e.g., Table 5) provides s corres-
ponding values Tj- (The subscripts j are
used to indicate that these values came
from the jthO.D. cell). Sinc ej is the
only available estimate of CV(’F) in the jth
cell, we shall compute Yj = e ? our esti-
mate of Yj, from this number. K is
estimated by the method of least squares,
using the formula

R=3 X Y /3 x3.

j=1 j=1

Under the assumption that the errors
arising in the jth cell from all possible
samples of the type selected are normally
distributed with mean zero and standard
deviation CV(T]), it is found (4) that the
variance of K can be estimated withthe aid
of the statistic
2
(5 %) .
&)

(24)

Var R = 2ﬁ’ X‘
)1

(25)

This normality assumption has been
validated (4) from the observed data for
cells having more than 25 vehicles in the
universe. We should not expect normal
distribution of errors for the smaller cells.

Computation of together with 1its
variance affords a way to evaluate the
results of the plans, as well as a means
for estimating var(t,). Table 7 exhibits
these results for the four samples under
investigation with respect to the Lebanon
and Kokomo universes. The computations
have been carried out for Sample 4 mn
the manner outlined, although no theory
is presented here for this type of sample.
The general theory related to this method
appears in the literature (1, p. 144).

From Table 1it can ﬁe noted that ﬁ
values for samples 2 and 3 were expected
to have been 1.00 with upper probability
limits of 2. 60 and 3. 89 respectively. Table
7 indicates that the corresponding average
empirical values for were 1.18 and
1.34. The magpitude of the standard
errors of these values 1mplies that the
empirical estimates of K might vary con-
siderably with more experimentation of
the type done here, but also makes it
credible that the observed sampling errors
are fairly well in accordance with the
theory which resulted in Table 1. On
the other hand, since all 4 K values from
Samples 2 and 3 were greater than 1,
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TABLE 6

OBSERVED ERRORS (IN PERCENT) OF ORIGIN AND DESTINATION TABULATION
SAMPLE 2 FOR LEBANON BY-PASS "BEFORE" STUDY

External Stations - Origmns

External Stations - Destinations

1 3 5 8 10 11 13 14 1 3 5 8 10 1 13 14
001 1000 1000 1200 91 1000 1000 00 00 001 1077 0O 0.0 1095 0 0.0 0.0 0.0
002 98 1000 1167 453 1000 00 1000 710 002 51 1045 1000 261 545 00 00 1083
003 €1 478 91 16 50 350 1167 648 003 109 64 65 58 1000 91 100.0 101
004 284 1861 111 201 174 480 125 40 004 115 09 112 119 92 250 429 165
005 630 83 720 131 172 102 444 347 005 361 1200 444 29 667 1000 150 373
006 83 286 518 66 187 211 34 200 008 452 125 354 119 29.8 48 51 12.9
2007 1000 365 610 773 286 00 0.0 1000 007 1000 3.3 333 333 40.0 00 00 1200
5008 479 248 121 122 108 468 225 61 008 223 104 36T 49 205 184 21.5 164
009 125 476 104 24 581 70.3 270 164 5009 80 55 204 115 140 204 349 258
So010 123 80 110 29 23 81 92 109 $010 05 23 37 114 208 73 314 73
“o11 83 263 1000 86 29 1000 111 500011 303 428 00 407 184 545 444 280
Qo012 214 264 476 421 167 1000 188 247 '012 963 462 987 76 5.4 00 565 7.9
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there is indicationthat the average sampling g-k* (1 - x)
errors may be somewhat greater than r 27

shown in Table 1, but are well below the
probability limits for average error shown
there, It would follow from the theory
that K for Sample 1 should turn out to be
somewhat smaller than 1. It is not clear
whether its failure to do so can be simply
attributed,to the chance fluctuation ex-
pected in ﬁ, or to the uncertainty as to the
true nature of sample 1 relative to volume
clusters. Sample 4 produced K values of
the order expected in 25 percent cluster
sampling as indicated in Table 1.

Empirical Expected Error Curves

In Equation 21 we may take the log-
arithm of each side to obtain

log[CV(@) = % log K - % log T. (26)

When plotted on double logarithmic co-
ordinates, this function is a straight line
with slope -% and ordinate intercept VXK.
In accordance with the theory it is clear
that K is a function of 1 =T, where r is
the sampling rate. We write

and substitute for K in Equation 26 to have

1og|'gv("1‘"jj= 1% log x’(—‘—;- - % log T. (28)

Figures 4 to 7 illustrate Equation 28 for
the four samples studied. The solid lines
on these figures are obtained from Equa-
tion 28 whenthe observedaverage K values
are used. Dotted lines on these figures
represent extrapolations to other samp-
ling rates via Equation 27 and 28. The
K * values are also shown in Table 7.

TABLE 7
VALUES OF K AND STANDARD ERRORS

Sample| Universe] Actual Rate of] ﬁ Avg | K? kmdar Error
No Sampling R of E

' Iﬁﬁ:ﬁ: ';gg i'g: 1220122 o022

2 [Lebanon| 496 R Zlia8li1e| o2

: g;f:: :gi ii? 134(128 o022

¢ gll:oal:: 2:'? ;gg 4.26 |1.88 0 92
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Probability Limits for Error

All of the discussion thus far has been
with respect tothe average sampling error
to be expected. Inordertogive probability
limits for these errors we must assume
some probability distribution for the errors
which can arise when aparticular universe
is sampled repeatedly in the same way.
It is more or less conventional to suppose
that 95 percent of such errors would not
exceed 2CV(T). If the errors are nor-
mally distributed, this supposition is very
close to being correct. These 2CV(‘f‘)
probability limits are easily obtained from

Figures 4 to 7 since one can simply double
the CV(‘f) corresponding to a particular
sampling rate curve for agiven value of T.
Other multiples of CV(’f‘) can be used for
different probability limits. For example,
we should expect 90 percent of all possible
sampling errors in a given cell to be less
than 1.65 CV('f), or 99 percent to be less
than 2. 58 CV(‘Y‘). The assumption of nor-
mal distribution of errors is not valid for
small, and consequently unimportant, T
values, say for T less than 20 trips.

When one plots the observed errors of
Table 6 (relative to Table 5) on Figure 5,
it turns out that about 3 percent of the 632
errors are beyond 2 CV(T) limits.

PART II PRACTICAL APPLICATION

H.L. Michael and R.M. Brown

@ THE theory study resulted in agroup of
curves (Figs. 4, 5, 6, and 7) which are of
great interest. These curves indicate, for
the various methods, the average error that
can be expected for any origin and destina-
tion table cell volume (that number of trips
in one direction between an origin and a
destination area) for various sampling
rates. The datafor any other sampling rate
can also be obtained by interpolation. In
order to use these curves for a proposed
survey, two decisions must be made: (1)
What minimum O-D cell volume is going
to be important in this survey? (2) What
average error is allowable for this mini-
mum cell volume?

In order to answer the first of these
questions, one must consider the purpose
of the survey and that minimum volume of
traffic which will receive important con-
sideration because it would affect any
recommendations that might be made. It
is generally recognized that the low-volume
traffic movements contribute very little to
the overall analysis of the data or the rec-
ommendations made from that data. This
does not mean that these volumes of 1, 10,
20, 40, or 50 movements are disregarded
entirely, but only that they do not materi-
ally affect the survey recommendations.
These small volumes will also be obtained,
but they will, onthe average, containlarger
percentage errors.

After the minimum, important O.D.
cell volume has been selected, the average
error due to sampling that will be allow-
able must be selected. In thetaking of any

sample, other than a 100-percent sample,
some error due to not interviewing every
person will probably occur. Some O.D.
cells will have less volumes than the ex-
panded sample data indicate; other cells
will have larger volumes than the sample
results show. If these errors are con-
sidered as a percentage of the actual O.D.
cell volume withregard only to their mag-
nitude and not to their sign (minus percent
or a plus percent) and are averaged, the
average error as used in this paper will
result. If the signs of the errors are con-
sidered, the average error will, of course,
tend to be zero as the negative errors will
tend to cancel out the positive errors.

The selection of this average allowable
error will also only be for the minimum
important cell volume selected. Higher
volumes, according to the curves, for the
same rate of sampling will have lower
average errors when expressed as per-
centages. The percentage error allowed
will again depend on the use of the survey
and on the effect that such error will have
on the final results. Since many O.D. cell
volumes are often used together in the
analysis of data, it should be noted that the
errors, since some are negative errors
and some are positive errors, often tend
to cancel each other. Furthermore, an
average error of 10percent in a volume of
100, for example, would be only ten, a
variation that might be less than the varia-
tion found if the interviewing were conducted
at a different time.

It should also be noted that the total



traffic volume at an interview station has
little to do with the selection of a samp-
ling rate. The effect of the total volume is
negligible if the cell frequency 1s small
relative to thetotal volume. Furthermore,
the sampling error in a cell which is large
compared to volume 18 overestimated by
not taking volume into account. A samp-
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plicable for those two cities. There is no
evidence, however, to indicate that these
two cities are distinctly different in the
manner of traffic characteristics from
hundreds of other cities in the United States.
This fact, together with the weight of
mathematical theory indicated in PartlI,
seems to 1ndicate that the curves as de-
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Figure 8.

ling rate, therefore, is on the safe side
when it is based only on an important
minimum O.D. cell volume and on an al-
lowable average error for that volume. It
is evident, therefore, that the selection of
larger tracts with correspondingly larger
traffic volumes would be advantageous for
accuracy reasons. Here again the uses of
the survey data and the accuracy needed
must be considered.

The curves developed fromthe Lebanon
and Kokomo data and shown in Figures 4,
5, 6, and 7 are, of course, only truly ap-

Richmond, Indiana, major routes and survey area.

veloped are applicable to surveys in other
cities.

Use of Sampling Curves, Example

The State Highway Commission of In-
cdiana authorized a complete origin-and-
destination study for the City of Richmond,
for the summer of 1952. This offered an
excellent opportunity to apply the various
sampling methods. The representatives of
the cooperating agencies, the Metropolitan
Area Traffic Survey Umt of the State High-
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TABLE 8
ROAD AND TRAFFIC CONDITIONS AND SAMPLING METHOD USED

RICHMOND TRAFFIC SURVEY
Avorage
24-Roar Inter- Sampling

8ta Road Conditions Tratffic viewing Plan
No Surface Bhoulders Land use Volume Hours Used
71 Gravel Narrow Open Flelds 202 None None
72 Gravel Narrow Open Flelds 137 None Nons
73  3-Lane Wide Open Fields 11,007 6am - 8am Vol Cluster

Concrete
74  Asphalt Narrow Open Flelds 360 6am -10pm  100% Sample
75 Gravel Narrow Open Fieldy 8l None None
76 Gravel Narrow Open Fields 383 Nane None
77 Gravel Narrow Open Fields e9 None None
78  Concrete Medium Open Flelds 8,454 Gam - 6am Time Cluster *
70 Asphalt Narrow Open Plelds 1,114 Sam -10pm 1
80 Asphalt Narrow Residential 3,808 8am - 6am Vol Cluster®
81 Gravel Narrow Open Pields 181 None None
82 Asphalt Narrow Open Fields 1,664 6am - lam Time Cluster®
83 Asphalt Narrow Open Pields 460 6am -10pm 100% Sample
84 Asphalt Narrow Open Flelds 2,162 fam - 1am Time Cluster®
85 Gravel Narrow Open Fields 288 None None
88  Divided Wide  Open Fields 13,773 6am - 8am Time Cluster

4-lane

Concrete
87 Gravel Narrow Open Fields (L} None None
88 Gravel Narrow Open Fiolds 134 None None
89 Asphalt Narrow Open Pields 682 6am -10pm 100% Sample
80 Asphalt Narrow Open Fields 2,671 8am - lam Vol Cluster®
81 Gravel Narrow Open Fields 260 None None
92  Asphalt Narrow Open Ficlds 3,686 6am - lam Vol Cluster®

*100% sample taken during night hours of low volume count
Richmond, Indiana, June - July, 1953

way Commission of Indiana, the Bureau of
Public Roads, and the Joint Highway Re-
search Project of Purdue University,
agreed to such sampling. It was further
agreed that the minimum important cell
volume would be considered to be 100 ve-
hicles and that a 10-percent average error
would be allowable for this cell volume. A
total of 39 tracts for Richmond, a city of
38,000 people, was selected on the basis of
land use and intensity of development.

A study of the curves for quarter-hour
sampling (Fig. 5) and umiform sampling
(Fig. 4) showsthat for a cell volume of 100
and an error of 10 percent a sampling rate
of slightly greater than 50 percent is neces-
sary. A sampling rate of 50 percent was
therefore chosen as one which would be
practical in application. An average error
of 10 percent 1n cell volumes of about 110
could be expected from this sampling rate.

Richmond, is a typical midwestern
city. Aprincipal east-west highway (US 40)
passes through the city and four other
state and federal routes pass through or
terminate mn the city (see Fig. 8). A cor-
don line around the developed area inter-
cepted 22 roads and highways. The traffic
volumes on these roads ranged from less
than 100 to morethan 13,000 vehicles on an
average weekday (see Table 8). The roads
variedfrom narrow, two-lane, gravel roads
to modern, four-lane divided highways
(see Table 8). These great differences 1n
traffic volumes and roadway conditions per-
mitted a study of the various sampling
methods under many conditions.

The selection of the stations which were

operated was made according to the usual
criteria of traffic volume. A few stations
on county roads were operated that had
total volumes of less than 500 in order to
obtain the traffic pattern for county roads.
Four other stations with volumes around
2,000 vehicles per day were operated for
19 hr., instead of the usual 16 hr. because
of rather large volumes of traffic between
10pm.and 1 am. The exact location of all
stations was made on the basis of the es-
tablished criteria for safety.

The personnel required to operate the
largest station was the determining factor
for the number of interviewers hired. Each
interviewer was considered capable of
taking 40 interviews per hour. The number
of interviewers required for each station
for each hour for a 50-percent sample was
thus determined (see Table 9). The num-
ber of men provided for each shift was then
determined on the basis of the men needed
during most hours of each shift. This
method provided a rest period for usually
one man at a time during the low-volume
hours of the shift. Since the peak period
of 3 to 6 pm.and the period 10 to 1 am.us-
uallyrequired several more men than other
hours of these shifts, additional men were
hired and assigned as necessary to the
various stations during these hours (see
Table 9). The necessary manual counters
and crew chiefs required for the various
stations were also determined. One coun-
ter and one crew chief were normally as-
signed to each station, except that on those

TABLE 9

PERSONNEL REQUIRED PLAN FOR A TYPICAL STATION
RICHMOND TRAFFIC SURVEY

Station No 78 Hours of Operation6A M to6 A M

Sampling Rate 5“% Method Tlme Clusier

Pre Survey Men Required

Volume Inter- Crew

Time Count viewers Counters Chiefs Remarks
6-7 am 47 ] Use Following Crew
7-8 am 305 1 - Supervisor®
8-9 am 262 1 - Crew Chiet
9-10am 304 1 - Counter

10-11am 408
11-12 N 203
12-1 pm 290

4 - Interviewers

Bl N O S D U U

WS N T I BN
R Y T Y G ROy

1-2 pm 301

2-3pm 327 Use Following Crew

3-4 pm 549 1 - Supervigor#

4-5pi 527 1 - Crew Chief

$-6 pi 403 1 - Counter

6-7 pm 290 4 - Interviewers

7-8 pi 237 Note 2 additional

8-9 pi 186 interviewers from

- 10 177 3pm-6pm Release
1interviewer at 8pm

10-11pm 160 2 1 —-- Use Following Crew

11-12M 148 2 1 --- 1 - Supervisor#*

12-1a2m 124 2 1 - 1 - Counter

1-2 am 33 2 1 can 2 - Interviewers

2-3 am 51 2 1 --- Note From lam-5am

3-4 am 43 2 1 .-- take 100 % Sampie

4-5 am 40 : 1 --- Supervisor to direct

1

5-6 am 120
Operate also Station 102 on this day

*Als0 Supervisor of Above Station
Supervisor to assist in interviewing during under-manned hours

- traffic as necessary
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Figure 9.

stations with more than 6,000 vehicles per
day two counters and two crew chiefs were
assigned. The crew chiefs also acted as
traffic directors at heavy stations, es-
pecially during hours of peak volumes.
Each shift's daily operation for all sta-
tions was also directed by a regularly em-
ployed supervisor. Typical station inter-
view parties are also indicated in Table 9.

The preparation of such a personnel
plan permitted the hiring and assignment of
personnel in a most efficient and economical
manner. The entire survey was conducted
in seven 1nterviewing days by a total crew
for all shifts of 30 men (includes inter-
viewers, manual counter, crew chiefs,
and supervisors).

SAMPLING PROCEDURE AT THE
ROADSIDE

Three sampling methods were used dur-
ing the Richmond survey: (1) quarter-hour
samples (time clusters), (2) uniform sam-
ples (volume clusters), and (3) combination
of (1) and (2).

The method used at each station was
predetermined. Only one method of samp-
ling was used at a station so as to mini-
mize the confusion that might occur if
sampling methods were changed hourly.
Sampling was conducted, at all stations

Typical time-cluster method of interviewing.

that had daily traffic volumes greater than
1,200 vehicles, during all hours that traf-
fic volumes were expectedto exceed 30
vehicles per hour 1n either direction.
Sampling was not done at other stations or
during other hours because one interviewer
for each direction had to bepresent anyway
and he could easily terview all traffic.

Time-Cluster Sampling

The time-cluster sample as used here
refers to the selection of a sample of the
total traffic volume on the basis of a se-
lected time nterval. Any time interval
could, of course, be chosen for this meth-
od. Every vehicle that arrives at the
station during a 1-min., 5-min., 15-min.,
or other chosen time period is interviewed
and then no vehicles are interviewed dur-
ing acorresponding time period, the length
of which is dependent on the selected
sampling rate. If, for instance, a sampling
rate of 50 percent is chosen, then inter-
viewing is conducted for all those vehicles
that arrive at the station during 50 percent
of the total time. Thetime interval chosen
for the Richmond survey was 15 min.
During one 15-min. period all vehicles
that arrived at the station from one direc-
tion were interviewed and novehicles were
interviewed in that direction during the
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next 15-min. period. This process was
then repeated for all periods of the day.
The interviewers, however, were not idle
every other quarter hour, but interviewed
traffic first for 15 mn. 1n one direction
and then for 15 min. inthe other direction.
A typical example of this procedure 1s
shown in Figure 9.

Each station was arranged sothat inter-
viewing for both directions could be carried
on from the same location. The station
arrangement was exactly the same as if
both directions would have been inter-
viewed at the same time, except that the
stop sign for the direction not being inter-
viewed was covered during the periods
when the traffic could proceed without
stopping. On four-lane roads the inter-
viewing was conducted intwo lanes in each
direction while on other roads, including
three-lane roads, interviewing was done
1n one lane only for each direction.

Adequate personnel were assigned each
shift, with added personnel during peak
hours, to interview all traffic in the one
direction. At the end of one time period
in one direction and the simultaneous be-
ginning of a time period in the other di-
rection, interviews were of necessity
taken in both directions at the same time.
It is necessary in the time cluster sample
to interview all traffic that arrives during
the time interval. This means that at the
end of some time periods there will be

INTERVIEWING

some vehicles that arrived before the end
of the period that are waiting to be inter-
viewed. They must be interviewed. In the
other direction, there are vehicles arriving
after thebeginning of the next period which
also must be interviewed. This problem was
solved at Richmond by taking a portion of the
interviewers from the direction being inter-
viewed about 1 or 2 min. before the end
of the period and placing them in position
to interview the traffic from the other
direction at the beginning of the next
period. The other interviewers con-
tinued in the first direction until all ve-
hicles that arrived before the end of the
period had been interviewed. They then
began interviewing 1n the other direction.
This system operated smoothly at Rich-
mond, and 1n every case the changeover
was begun and completed 1n less than 5
min. (2 min. prior and 3 min. after).
Usually the total delay was only a matter
of 2 or 3 min.

The crew chiefs, of which there was
always one and, on heavy stations, two, n
addition to their normal duties of interview
collection and review and general super-
vision of the station were given the follow-
ing responsibilities: (1) direct traffic as
necessary (primarily traffic not being
interviewed but passed through the station
and, on four-lane roads, that traffic being
mterviewed mm more than one lane);(2)
announce the end of one time period and

IN BOTH DIRECTIONS AT SAME TIME

FIRST INTERVIEW CLUSTER

0

—» 3 INTERVIEWERS

----EIE

SECOND INTERVIEW CLUSTER

_’5.___.__
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IS = TR K i :

CARS 3 AND 4
NOT INTERVIEWED

CARS 4,8, ANDS6
NOT INTERVIEWED

NOTE CLUSTERS CMANGE N THE TWO DIRECTIONS ONLY
AT THE BEGINNING OF AN HOUR IF NUMBER OF

INTERVIEWERS IN THE DIRECTIONS CHANGE

Figure 10.

Typical volume-cluster method of interviewing.




the beginning of thenext; (3) indicateto the
interviewersthe first and last carto be in-
terviewed m each time period; and (4)
select the number of specific interviewers'
to be taken from interviewing in the one
direction before the end of the time period
to get 1n position to begin interviewing in
the other direction (number dependent on
traffic volumes in both directions).

The crew chief or chiefs also had the
assistance of the supervisor during peak
periods and at heavy stations. All per-
sonnel were instructed to adhere to ex-
actly 15-min. intervals.

Volume-Cluster Sampling

The volume-cluster sampling consists
of interviewing consecutive vehicles in
clusters or groups of a predetermined
number and then not interviewing a cluster
or group of vehicles of a si1ze that is de-
pendent on the sampling rate. The size
of the cluster to be interviewed could be
one or more. A single cluster size was
not used in the Richmond survey, buta
cluster equal to the number of interviewers
working in each direction was used.
Cluster sizes or number of interviewers,
however, were not changed during any one
hour of operation but only at the beginning
of an hour, if necessary. Cluster sizes
depended on the volume of traffic expected
(from previous observations and counts)
in any one directionand were not the same
during many hours for the two directions
of one station. The actual clusters used
ranged from one (every other vehicle for
a 50-percent sampling rate) to six. Since
all interviewing by this method was at a
50-percent rate, a cluster of vehicles
equal in number to the cluster inter-
viewed was passed through the station
without being interviewed. Figure 10 il-
lustrates this type of sampling.

The station arrangement and personnel
to operate the station werethe same as for
time cluster sampling. Interviewers were
placed in the two directions by the crew
chief or chiefs as volumes in each direc-~
tion warranted, except that any changes
were made only at the beginning of an
hour. The first interviewer in each di-
rection and the crew chief during heavy
hours determined the first vehicle in each
cluster that was interviewed and directed
those vehicles in the cluster that were not
interviewed through the station. Each
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interviewer made one and only one in-
terview for each cluster that was inter-
viewed. This helped to maintain an ac-
curate check of those vehicles interviewed
and, at the same time, distributed the
responsibility of getting accurate cluster
sizes. All personnel were instructed to
adhere strictly tothe predetermined cluster
size with no exception, except in the case
of emergency vehicles.

Combination Time - and -Volume - Cluster
Sampling

In order to test a method of obtaining a
25-percent sample, a combination of the
time -and - volume - cluster methods was
used. This method simply obtained a
sample by interviewing volume clusters
within a time period. In short, interviews
were taken during 15-min. intervals in
one direction only and then not taken in
that direction for the next 15 min. Instead
of interviewing every vehicle, however,
within the 15-min. period, only one half
of the traffic was interviewed. This was
accomplished by interviewing a cluster of
traffic equal in number to the number of
interviewers and then not interviewing an
equal-sized cluster.

The procedure of station operation was
the same as that for the time-cluster op-
eration, with the modification that it was
necessary for the first interviewer or the
crew chief to pass a cluster through with-
out interviewing and then to select the
first car ineach clusterto be interviewed.
Only a cluster size of four was used with
this method. A separate crew was used
for operation in the other direction during
alternate 15-min. periods. This pro-
cedure eliminated a quick change of di-
rection for interviewers at the end of one
period and the beginning of another, and
gave each group of interviewers a short
period of rest during each half hour.

APPRAISAL OF SAMPLING METHODS

The success of these various methods
was established after the first day for
each method. The taking of a predeter-
mined sample not only proved to be prac-
ticable but, it appeared, actually im-
proved the interviewing process. The
general public understands that there is
such a thing as sampling and that it cer-
tainly should be more economical to in-
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TABLE 10
ACTUAL SAMPLING RATES BY STATION
FOR PERIOD THAT SAMPLING WAS CONDUCTED
RICHMOND TRAFFIC SURVEY

50% Sampling Rate Planned

Number Number Actual
Sampling Hours Manual Inter- Sampling
Station Method Sampled Count viewed Rate
73 Vol, Cluster 24 10869 5304 49.7
74  100% Sample 16 290 290 100 0
78  Time Cluster 20 5091 2637 51 8
79  100% Sample 16 891 888 99 7
80 Vol. Cluster 18 3535 1811 51 2
82 Time Cluster 14 1237 611 49 4
83  100% Sample 16 413 410 99 3
84 Time Cluster 14 1439 725 50.4
86  Time Cluster 21 9954 5077 51 0
3 1486 365 24.6%
890  100% Sample 16 476 475 99 8
90 Vol. Cluster 14 1944 967 49.7
92  Vol. Cluster 14 1856 924 49.8

#25% Sampling rate planned

vestigate only a fraction of the total than
to interniew the whole. The public gen-
erally does not recognize the details
necessary to take a sample; but from
responses and discussions with motor-
ists at Richmond, they view with approval
a sampling method they can understand.
The time -cluster and volume -cluster
methods of sampling offered them that
evidence. They could "see" the method-
ical, business-like selection of vehicles
in 15-min. cluster or in one to six ve-
hicle clusters and then the release of an
equal-sized cluster. Time and time again
the vehicle operators expressed approval
of, in their words, "the business-like
manner'" 1n which the interviewing was
conducted.

The selection of a fraction of the total
also seemed to salve the ire of many of
those residents who made many trips
through the station in one day. They knew
they had a gambler's chance to get through
without being interviewed. They were
gratified whenever they '"won" andac-
cepted the interview in a sportsmanlike
manner when they "lost."

The actual selection of the sample did
not prove difficult by any of the methods.
Table 10 indicates the actual sample
selected during those hours when sampling
was actually used. Table 11 shows the
hour-by-hour sampling rates for two
stations. Variances in the time-cluster
rates were expected because of the actual
variances that occur for traffic volumes
in 15-min. periods. The volume cluster,
if all procedure had been exactly followed,

would be almost exactly 50 percent for
every station. Miscounts of the number of
vehicles interviewed, or of the cluster
passed through, or of the total at the
station, or the failure of vehicles to stop
are causes for variations. These causes,
as indicated by Tables 10 and 11, were
evidently controlled quite well. The use
of competent crew chiefs and head inter-
viewers did much to minimize the possi-
bility of miscounts.

Although no consideration was given to
vehicle type in the selection of the sample,
approximately 50 percent of each type of
vehicle was obtained. Table 12 lists the
interviewing rate by vehicle type for two

interview stations.
The use of the crew chief as a traffic

director resulted in a speedier movement
of vehicles through the station. He di-
rected the vehicles to be interviewed to
position speedily and efficiently; this left
the interviewer more time to concentrate
on taking the interview and properly re-
cording it. He also kept the traffic flow-
g smoothly when not being interviewed.
It appeared that the methods operated
best when, especially during peak hours,
he was the one who counted the vehicles
that were not interviewed or selected the
first and last vehicles that were inter-
viewed. A crew chief as a traffic di-

TABLE 11

ACTUAL SAMPLING RATES BY HOUR AT TYPICAL STATIONS
FOR RICHMOND TRAFFIC SURVEY

Station No 13 _86
Sampling Method 50% Volume Cluster | 50% Time Cluster
Number Actual Number Actual
Manual  Inter- Sampling|Manual Inter- Sampling
Hour Count viewed Rate | Count viewed Rate
6-7am 522 264 50 6 511 284 55 6
7-8am 507 254 50 1 454 229 50 4
8-9am 529 265 50 1 $07 255 50 3
9-10 am 558 279 50 0 492 269 547
10-11am 554 280 50 5 640 273 50 6
11-12N 545 266 48 8 600 300 50 0
12-1 pm 561 283 50 4 582 287 49 3
1-2pm 548 264 48 2 616 306 49 17
2-3pm 565 275 48 7 598 321 83 7
8-4pm 663 331 49 9 684 366 53 5
4-5pm 1776 392 50 5 767 398 519
5-6pm 706 351 49 7 7 372 519
6-7pm 559 270 48 3 632 290 45 9
7-8pm 605 299 49 4 594 204 49 5
8-9pm 550 283 515 668 322 48 2
9-10 pm 446 216 48 4 574 134 23 3*
10-11 pm 365 181 49 6 492 124 25 2:
11-12M 290 142 49 0 420 107 255
12-1am 200 99 49 5 242 128 529
1-2am 131 65 49 6 189 101 83 4
2-3am 106 50 47 2 114 54 47 4
3-4am 121 61 50 4 105 61 58 1
4-5am 110 58 52 7 122 68 85 7
5-6 am 152 78 50 0 220 99 450

*25% Sampling rate planned




rector appeared to be a must. Most of
his other duties, such as collection and
review of the nterviews, were handled
by the shift supervisor on heavy volume
stations.

The use of a predetermined sample
also minimized the confusion at interview
stations. Each man knew what he was to
do, who he was to nterview, and who he
was not to interview. During peak hours
there was no doubt or confusion as to how
long the line of waiting traffic should get

TABLE 12

SAMPLING RATES FOR TYPICAL STATIONS
BY TYPE OF VEHICLE FOR RICHMOND TRAFFIC SURVEY

Statton No ] 73 86
Sampling Methodp0% Volume Cluster |50 % Time Cluster

©. of Hours 24 21

Sampled

Number S8am - Number Sam-

Vehicle Manual Inter- pling {Manual Inter- pling

Type Count viewed Rate | Count viewed Rate
Passenger Cars 8455 4199 49 7 | 7808 3975 50 9
Light Trucks 700 340 48 6| 465 247 531
Medium Trucks 480 258 53 8| 514 263 512
Heavy Trucks 970 479 49 4 | 1104 560 50 7
Buses 64 28 438 63 32 508

before releasing some or how many to
pass through without interviewing, since
the interviewers were instructed to take
the predetermined sample according to
the predetermined method at all times.
During peak hours some back-up of traf-
fic did occur. It appeared, however, that
a line of traffic formed almost nstantly
(such as would occur from a large group
arriving siumultaneously), then stayed
about the same length for a short period,
and gradually disappeared within 5 to 10
min. This cycle, during peak periods,
then often repeated itself. The maximum
delay for any vehicle under either method
was slightly less than 5 min. This maxi-
mum delay occurredonly during very short
periods of time during peak hours on high
volume stations (12,000 vehicles per day).
Many times no delay except for inter-
viewing occurred, and during most hours
of the day the maximum delay was two to
3 min.

The volume-cluster method appeared
to work most efficiently and smoothly on
two-lane roads where four interviewers
or less 1n each lane handled the volume of
traffic. More interviewers than this re-
sulted in a decrease in the number of in-
terviews an interviewer took per hour be-
cause of the longer lapse between inter-
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views, due to passing a large cluster
through the station. The interviewing
efficiency did not become serious, how-
ever, unless more than six interviewers
per direction were used, since the traffic
director speeded the movement through
the station. This method worked better
than the time cluster on narrow roads
with poor shoulders, because all inter-
viewers were permanently positioned
and required less necessary space 1n
which to operate. On the three-lane road
this method, with interviewing in one lane
per direction, worked quite well with as
many as six interviewers on line in one
direction.

The time-cluster method also worked
best where the number of interviewers
was four or less per interviewing lane.
With this method, since all vehicles were
taken for a selected time period, speed
of interviewmg was most 1mportant in
order to prevent long lines of waiting
traffic. This method required a little
more working space for the interviewers,
since they were required to change posi-
tion every time period and since one di-
rection of traffic was moving freely through
the station. A little spare space in the
center of the highway was advisable for
obvious safety reasons. On the four-lane
highway, with two interviewing lanes for
each direction, this method worked ex-
cellently. A short time before the end of
the time period, the inside lane was closed
to wterviewing and the interviewers on
that lane got into position to interview in
the outside lane of the other direction.
After all required vehicles were inter-
viewed 1n the first direction, the remain-
der of the interviewers there transferred
to the inside lane of the second direction.
Traffic in the direction that was not inter-
viewed passed through the station in the
outside lane. This made it unnecessary
for 1interviewers to cross lanes of moving
traffic. A careful plan of action for the
short period at the end of one time period
and the beginning of the next was extremely
important for the time-cluster method in
order to minimize confusion and to select
all the proper vehicles in the sample.

A time period of any length could, of
course, be chosen. The 15-min. period
was selected for this survey for at least
two reasons:

1. The original study of the Lebanon
and Kokomo data was made for 15-min.
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time clusters, since the field data were
separated only for each quarter hour.
This time period, incidentally, proved to
be the most accurate of all the methods
studied with this data.

2. A shorter time period would have
necessitated more frequent directional
changes of interviewing. This has defi-
nite disadvantages as it increases chance
of confusion and also has the statistical ob-
jection of increasing the number of times
that the selection of the first and last ve-
hicle is left upto anindividual who may err
as to its proper selection.

The selection of a shorter time period,
however, might reduce the length of any
waiting traffic lines. It appears that sev-
eral studies of a shorter time cluster should
be made.

It must beadmittedthat time- (and pos-
sibly volume-) cluster samples would have
biases if a succession of cars would all
have the same origin-destination. If such
movements were more likely to happen at
a certaintimethan at another, a bias might
occur 1if interviewing always began at a
certain hour on the hour. One way to try
to minimize such biases would be to leave
to chance (such asspin aneedle around the
clock) when the interviewing should begin.
However, biases eliminated in some origin-
destinations might be put into othersin this
way. It appears, therefore, that on the
average starting at the beginming of an
hour would be as good as could be done.
From apractical point of view, 1t certainly
would be best.

The combination time -and - volume -

cluster sample, although only used for 3
hr., appeared to operate smoothly and
efficiently. A 25-percent sample was
taken without delaying traffic for long
periods and with a small group of inter-
viewers who obtained an average number
of interviews per hour. Under the volume-
cluster plan, the number of interviews per
interviewer for this rate would probably be
less because of the necessarily long waits
between interviews while large clusters of
traffic not being interviewed passed through
the station. On the other hand, the use of
the time-cluster method only would ne-
cessitate periods of time when the inter-
viewers would not work at all. The use of
the two methods together minimizes these
disadvantages, but at the same time makes
a changeover to another direction at the
end of a time period difficult. A solution
to this problem might be to allow a short
time lapse between periods when no inter-
views for either direction would be taken.
This, of course, would reduce the sampling
rate and would have to be considered in ob-
tawning the desired size sample.

It must be emphasized that thorough
planning is necessary to insure proper
operation of any of these sampling plans.
The required number of interviewers must
be determined from presurvey counts and
then that number selected and thoroughly
instructed. Competent crew chiefs and
head interviewers are also a necessity.
Above all, every one connected with the
operation must realize the importance and
understand the selection of the sample.

CONCLUSIONS

1. If thetraffic passingthrough a road-
side interview survey station 1s sampled 1n
clusters, on either atime or volume basis,
then, for the numerous estimates of O.D.
trip frequencies associated with this traf-
fic flow, the overall sampling variation 1s
sumilar to that given by the theory of ran-
dom sampling. When adelineation1s made
among the different types of cluster sam-
ples, experimental results from two inde-
pendent surveys are in generalaccord with
the corresponding sampling theory derived
from basic assumptions on the nature of the
sampled universes.

2. The expected percentage sampling
error, CV(T), for an estimate, T, of a
true O.D. frequency, T, can be expressed
by the relation

cv(d) = (k/T) %

where K depends primarily upon the samp-
ling rate, and, to a lesser degree, upon
the method of sampling. Empirical values
of K were obtained in this study and may
be used to estimate the magnitude of samp-
ling errors and their limits in probability.
Conversely, the results can be used to
select a sampling plan when a specified
amount of sampling variation is to be al-
lowed for a particular origin-destination
survey.

3. It is evident that the use of a pre-
determined sampling process is both prac-
ticable and beneficial. A 50-percent sam-
ple was obtained with a mmnimum of con-
fusion in a business-like manner that was
recognized and appreciated by the partici-



pating vehicle operators and the community.

4. The sampling procedure promoted
efficient operation of the interviewing sta-
tion by minimzing confusion, and assured
the selection of a sample whose chance
variation could be appraised.

5. The time-cluster method performed
more smoothly than the volume method on
roads where traffic volumes could be han-
died by three or four interviewers per
interviewing lane and where adequate space
for safe movement of interviewers be-
tween interview lanes was available.

6. The volume-cluster method oper-
ated more efficiently than the time cluster
method on roads where traffic volumes re-
quired five or six interviewers or where
roads and shoulders were narrow.

7. Either method operated well where
only one ortwo interviewers were required.

8. The combination time-and-volume-~
cluster method appears to have possibili-
ties where small samples (25 percent or
less) are adequate.

9. A great deal of thought and study 1s
necessary todetermine the sampling accu-
racy which s necessaryfor origin-destina-
tion studies. Specifically, the question
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that requires study is: What is the allow-
able average error (or a certain proba-
bility error) for various origin-and-desti-
nation, rectangular-table, cell volumes?
It may be that an average error of 10 per-
cent for cell volumes of 100 may be more
accurate than generally necessary.

10. Thoroughplanning of stationopera-
tion and the assignment of adequate and
competent personnel are required. This
should include presurvey hourly traffic
counts and excellent instruction of per-
sonnel.

11. The use of some sampling proce-
dure not only will reduce the number of
personnel required to conduct the field
work but will also reduce the number of
cards to be coded, key punched, and tabu-
lated. Such reduction probably will be 1n
direct proportion to the number of inter-
views taken. This not only reduces the
cost of O.D. surveys butreducesthe time
necessary to complete such a study.

12. A number of other studies on simi-
lar or other sampling methods as well as
studies on necessary size of sample would
prove of benefit to the conduet of future
origin-and-destination surveys.
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Sampling Procedures for Roadside Interviews
in Origin-and-Destination Traffic Surveys

ROBLEY WINFREY, Formerly Research Professor of Civil Engineering,
Iowa State College, and ROBERT J. HANSEN, Assistant City Traffic Engineer,

Spokane, Washington

IN the origin-and-destination traffic study of the main routes at Ames, Iowa, 1n
the fall of 1949, the roadside interviews, 7 a.m. to 11 p.m., were recorded
in time intervals of 2 min. It is possible, therefore, to reconstruct the traffic
flow through any of the interview stations in road sequence of vehicles, except
within the 2-min. intervals.

Five samples were drawn from the IBM cards. The resulting trips between
pairs of origin-and-destination zones were compared with the trips found in the
100-percent interviews.

Systematic samples of 10 and 20 percent were drawn by selecting for each
direction of travel every 10th and every 5th trip in sequence throughout the
16-hr. period for the four external stations on US 30 and US 69 at the city
limits. Statistically, these two samples adhered to the characteristics of a
normal distribution and are of value 1npredicting the probable maximum percent
errors to be expected from comparable samples.

The third sample was drawn from Station 3 only on a time-controlled basis
by taking all vehicles reaching the interview station in the first 2 min. of each
10-min. period. This sample had about the same characteristics as the system-
atic 20-~-percent sample.

Since these three samples were selected by a procedure difficult to maintain
at a roadside station, the fourth sample was takenon a time-and-size-controlled
procedure that could be easily performed at the roadside. This sample was
satisfactory and of about the same quality as the time-controlled sample. These
third and fourth samples were expanded to the 10-min., 1-hr., and 16-hr. 100-

percent traffic volumes.
than the 1-hr. expansion.

The 10-min. and the 16-hr. basis gave better results

The {ifth test was applied to traffic in one direction only. The results in-

dicate that for these stations at Ames,

tained by sampling one direction only.

These brief results are insufficient,

Iowa, acceptable results could be ob-

even for Ames, to determine the best

basis of taking an origin-and-destination sample at roadside-interview stations.

The results do show, however,

about 20 percent of the total traffic should yeild acceptable results.

that the time-and-size-controlled sample of

When the

traffic by direction balances eachother in interchanges between pairs of origin-

and-destination zones,

@ IT is the purpose of this paper’ to pre-
sent the results of a study of the sampling
of traffic at four external origin-and-desti-
nation interview survey stations at Ames,
Iowa. In November 1949, 100 percent of
the entering and leaving traffic was inter-
viewed for a 16-hr. period, all informa-

'This paper is based upon a thesis submitted by Robert J.
Hansen as partial fulfillment of the requirements for the
degree, master of science, major in highway engineering, at
TIowa State College, June 1952. Acknowledgments are ex-
tended to Mark Morris and Carl Schach of the Iowa State
Highway Commission for their valuable assistance in both the
field work and office analysis.

the umidirectional method of sampling could be used.

tion being recorded in 2-min. intervals.
These roadside interviews are now used in
testing sampling procedures. The specific
objectives are to arrive at a field pro-
cedure of interviewingand a size of sample
that will satisfactorily produce acceptable
trip data between origins and destinations
at a cost of time and money muchless than
required by the 100-percent interviews.

This paper deals solely with the Ames
origin-and-destination survey. The IBM
punch cards in which the trips were as-
signed to 2-min. intervals in actual time
sequence for the 16-hr. day, 7 a.m. to



11 p. m., were used 1n the different sam-
pling methods.

To establish a reliable sampling meth-
od, the many variations in the composition
of traffic and inthe origins and destinations
should be taken into consideration, as well
as the proper placement in the field of
personnel to handle the traffic and tointer-
view the drivers. The size of the sample
should be determined from the total num-
ber of trips between pairs of origin-and-
destination zones or tracts within which
the major interests le.
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cent sample without causing a decrease in
the reliability of the sample. On the other
hand, a greater probable error in the
sample may be tolerated when the traffic
volume is relatively low because of the
lesser importance of the low traffic vol-
ume to applications of highway design and
traffic control,

Devising a method of sampling traffic
for origin and destination interviews
should consider the following criteria:
(1) a reliable minimum size of sample to
simplify the survey and reduce the number
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Figure 1. Roadside-interview stations of the Ames origin-and-

destination traffic survey.

A satisfactory method of sampling
traffic at roadside-interview stations
should eliminate the human error as
much as possible as well as provide for
a reliable sample. The desirable number
of interviews, stated as a percentage of
the total traffic, at periods of mimmum
traffic flow, may be greater than at peak
periods of flow. Statistically speaking,
when the size of population is increased,
a sample size 1n percentage of the popula-
tion can be decreased without decreasing
the degree of accuracy. Thus, inprac-
tice, three interviewers may be used
to take a 30-percent sample at periods
of minimum flow, but as traffic is in-
creased, they may take only a 15-per-

of interviews, coding personnel, and tab-
ulating machine time to a minimum, con-
sistent with the desired results; (2) a
method of selecting the vehicles to be
stopped such that the minimum of ve-
hicular delay is involved; (3) a flexible
method of sampling the traffic stream
workable on all forms of daily traffic
patterns; and (4) the proper placement
at the field station of interview personnel
for maximum efficiency of sampling, ac-
curacy of data, and safety.

THE AMES ORIGIN- AND-DESTINATION
SURVEY

The following is a description of the
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city of Ames, Iowa, the origin-and-desti-
nation survey, and overall objectives of
the survey.

Ames, population 23,000, has the
normal traffic generators of the business
area, a small, light industrial area, and
residential areas, but in addition, it has
the Iowa State College and the Iowa State
Highway Commission. The cxty is divided
into two main sections by a Ys-mi. -wide
strip of low land adjacent to the Squaw
Creek, running predominantly from the
north to the south through the city (Fig.
1). The west section of the cityconsists
of Iowa State College, a residential area,
and a small business area. The east sec-
tion consists of the main business area,
industrial area, residential areas, and the
Iowa State Highway Commission. Thetwo
sections of the city are joined by three
connecting east-west routes, US 30 andtwo
major street extensions. Iowa citiesare
predominantly light industrial areas and
shopping communities serving farm areas.
Ames is different in character, however,
since over a third of the 23, 000 population
consists of employees and students of Iowa
State College.

The Ames origin-and-destination survey
was conducted in late October and early
November, 1949: (1) as an aid to planning
a transportation system with which to serve
vehicular traffic, (2) to make improvements
in traffic regulations, and (3) to aid in re-
search on methods of conducting origin-
and-destination studies.

The survey was conducted under the
auspices of the Iowa State Highway Com-
mission, the Iowa State College Engineer-
ing Experiment Station, and the Ames City
Plan Commission. Availability of funds
limited the origin-and-destination survey to
inbound and outbound traffic on the four
primary highway entrances into the city,
the intracity traffic on the three routes
connecting the east and west sections of
the city, and the entrances to the college
campus.

The road51de postcard method and the
roadside-interview method were used two
weeks apart to furnish traffic data of the
same population for research study of
methods of gaining origins and destina-
tions. An external cordon was established
about the city on thefour entering primary
highways, and an internal screen line was
established across the three connecting
routes of the two sections of the city. For

an additional check on the external and
internal stations, a cordon was established
about the college campus, including six
entrances in addition to the two stations
on the screen line. The designation of
roadside stations is shown in Figure 1.
A home interview was conducted for or-
igins and destinations of the trips made by
residents of Pammel Court, a married
veterans' housing unit within the college
campus Neither the roadside postcard
method?, the Pammel Court home inter-
view, or the roadside interviews at the
college entrances are discussed in this
paper.

The roadside interviews were conducted
on"a 16-hr. basis, 7Ta.m. to1l1 p.m., on
Monday through Thursday, excluding Fri-
day and weekends because of college social
activities. These interviews were taken at
stations 1, 2, 3, 4, 11, 12, 13, 21, 22, 23,
24, 25, and 26. All vehicles were stopped
and drivers were interviewed. The in-
formation obtained included origin, desti-
nation, number of occupants in the ve-
hicle, Iowa county (or state) of vehicle
registration, type of vehicle, purpose of
trip, and the time of day in which the
driver was interviewed recorded for each
2-min. interval throughout the day.

The postcard field work was con-
ducted about two weeks prior to the road-
side interviews at Stations 1, 2, 3, 4,
11, and 12, and operated for a 24-hr. day
at each station. As the postcards were
handed out, observers counted and clas-
sified each vehicle by its type and place
of registration, recording the information
by 2-min. intervals during the 24-hr.
period. Information asked for on the post-
cards was approximately the same as that
asked for 1n the roadside interviews.

Ames was divided into 10 zones and
each zone divided into 10 or fewer tracts
for coding of origins and destinations.
Each tract was approximately ‘4 mi.
square. The 2zones were composed of
homogeneous land use areas with their
borders along major streets, railroad
tracks, streams, or land boundaries.

The office work for the surveyswas con-
ducted in the usual manner by checking,
correcting, and coding each trip. The
coded data were punched on IBM cards for
analysis.

*For a report on the postcard survey, see "Postcard Method

of Obtaining Orlgin and Destination of Traffic and Compari-
son with Road Interview Method" onpage 10 of this bulletin,




An example of the diversity of trips is
shown in Figure 2 for all entering traffic
at Station 3 for the 16-hr. period, 7 a.m.
to 11 p.m. In the overall origin-and-
destination study 38,416 vehicles were
stopped for driver interviews at 13 sta-
tions. A total of 31,598 postcards were
handed out at six stations to drivers, of
which 14, 375 were returned.

Figure 2. Zone destination of trips of
all traffic entering through Station 3
from 7 a.m. to 11 p.m.

METHODS OF SAMPLING TRAFFIC

Interviewing 100 percent of the traffic
for origins and destinations requires a
great amount of time, cost and personnel.
One scheme to reduce the size of these
items would be adesirable sampling meth-
od in which accuracy and relability are
retained. In conducting an origin-and-
destination survey by sampling traffic,
one should know the resulting probable
error in the number of tripsbetween given
pairs of origin-and-destination zones or
tracts which would result from the chosen
size of sample. Statistical analysis of a
known universe can be used as a means of
estimating the probable error of a pro-
posed sampling scheme 1f applied to a
traffic stream of similar character.

If correct conclusions are to be reached,
the sample must be representative of the
total trips. Statisticians have developed
satisfactory methods of sampling to gather
maximum information. But with samples,
however, one faces the possibility that the
result obtained may depart from the total
population sampled. Fortunately, the uses
or origin-and-destination traffic data are
such that high degrees of exactness are not
essential,

Traffic between pairs of origin-and-
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destination zones varies in volume, time
distribution, composition, trip purposes,
and directional peak hours. One pair of
zones may have its peak periods at 7
a.m., 11 a. m., and 4 p. m. while another
pair may lag an hour. It is apparentthat a
sample must be drawn throughout the day
in order that it will be representative and
reasonably accurate. Peak-hour traffic
is composed of a more homogeneous form
of trip, while the off-peak-hour trips are
somewhat more variable in origin and
destination. The taking of a larger per-
centage size of sample during off-peak
hours than during peak hours may be de-
sirable for two reasons: (1) the non-
homogeneity of the traffic may require a
larger sample, and (2) the interview per-
sonnel may be kept working at a constant
rate to eliminate idle time.

Probable errors can be estimated
through the process of statistical evalu-
ation. The standard deviation s is an
important tool in computing the coeffi-
cient of variation C, standard deviation

of the mean 5~ and the confidence limits.
X

The confidence Limits, or fiducial limits,
are the extreme points in which the mean of
a population may vary for a given prob-
ability of correctness. Theoretical con-
ditions must be met, however, if one's
inferences are to be correct when using
a sampling method.

The terms "total trips' and "whole pop-
ulation" include all types of vehicles. No
differentiation 1s made between trucks or
passenger cars. The sampling methods
recommended do not include methods of
sampling for truck origin and destination
separate from other vehicles.

STATISTICAL RESULTS
AND EVALUATION

Five methods of sampling were in-
vestigated and are discussed. From two
of these methods, estimates of probable
errors for various numbers of trips be-
tween pairs of origin-and-destination zones
were established. The five methods are
as follows: (1) systematic 10-percent
samples of traffic, (2) systematic 20-per-
cent samples of traffic, (3)time-controlled
samples of traffic, (4) size-and-time con-
trolled samples of traffic, and (5) samples
of unidirectional traffic. In thefirstfour of
the above named sampling methods, the
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results were calculated separately for
each direction of traffic. That is, in-
bound trips were considered independently
from outbound trips, even thoughthe origin
and destination of the inbound trip was the
destination and origin, respectively, of
the outbound trip.

Systematic 10- and 20-Percent Samples of
Trallic

The 10-percent and 20-percent sam-
pling methods are systematic schemes of
stopping every 10th and every 5th vehicle
traveling in the same direction to be
interviewed regardless of class, make,
or position in the traffic stream. Itis
assumed that these systematic samples are
random samples, because vehicles do not
pass an interview station in any schematic
manner controlled by origins and desti-
nations. The trips within a 2-min. inter-
val as arrayed for this sampling study are
in random order. Within a given 2-min.
interval, the interviews can be placed in
actual road sequence only when all inter-
views were takenby the same interviewer,
and further, the IBM cards were delib-
erately randomized within the 2-mn,
intervals.

Interviewing every 10th or 5th vehicle
is not feasible in the field, especially
when the specified vehicle to be stopped
appears 1n the middle of a platoon of ve-
hicles. The value of this method for the
purpose of this report is its adaptability
for use 1n statistical procedures in esti-
mating probable errors.

Statistical analysis was made possible
by sorting the 100-percent interviews for
each direction into time sequence based on
the 2-min. intervals. For the 10-per-
cent sample, tengroups were then selected,
each group being a 10-percent sample of
the traffic by direction. Group 1 was
composed of the 1st, 11th, 21st, 31st,

etc. trip; Group 2 was composed of the
2nd, 12th, 22nd, 32nd, etc. trip. Group
3 was composed of the 3rd, 13th, 23rd,

33rd, etc. trip and so on for each of the
10 groups. Each sample group was then
sorted by origins and destinations. The
result was ten estimates of the number of
trips between each pair of origin and
destination 2zones. The ten estimates
were then used in computing the standard
deviation, coefficient of variation, and
confidence limits by the standard root-

mean-square method, where the number
of estimates n is 10 and the degrees of
freedom df is 9.

The 20-percent systematic sample was
drawn from the IBM listing in a manner
similar to that used in drawing the 10-
percent sample, but choosing every fifth
trip to make up a 20-percent sample. The
1st, 6th, 11th, 16th, etc. trip was selected
from the listing of the whole population to
make up group 1; group 2 was made up of
the 2nd, T7th, 12th, 1Tth, etc. trip, and
similarly to Groups 3, 4, and5. In the
20-percent sample, the number of trips
between each pair of zones had five esti-
mates of the true number. The standard
root-mean-square analysis was performed
using n =5 and df = 4.

Figure 3 shows the relationship of the
computed standard deviations to the num-
ber of trips, origin to destination, for the
several pairs of zones’. Separate curves
were drawn with respect to inbound and
outbound directions, but since the curves
were identical only one curve is shown in
Figure 3.

As would be expected, the range and
standard deviation are related. If several
samples are drawn from a normally dis-
tributed population, each sample having
nine or ten items, the average of their
ranges 1s about three times the standard
deviation of the whole population. Asa
check of the accuracy of the computed
standard deviations, Figure 4, for the
10-percent sample, graphically compares
the actual range versus the theoretical
range computed from standard deviations.
Since there 1s no large difference between
the two curves, 1t is assumed that the
samples were drawn from a normal pop-
ulation and the standard deviations are
correct.

The graphical presentation of the stand-
ard deviation and coefficient of variation,
Figures 3 and 5, respectively, indicate
from observation that as the number of
trips between pairs of origin-and-destina-
tion zones increase the accuracy and re-
liability increase. These curves are ap-
proaching a horizontal line where a smaller
percentage sample would produce results
of the same accuracy. As expected, the
curves for the 20-percent sample reach
a flatter stage than the 10-percent sample

*The curves of Figure 3 were drawn by judgment with the ex-
pectation of fitting them statistically at a later date. As of this
writing, however, this work remains to be accomplished.
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curves. Thus, the larger sample pro-
duces results of lesser probable error.

The coefficients of variation vary ac-
cording to the subject being sampled, and
samples of vehicular traffic appear to
have related coefficients of variation. The
coefficients of variation computed for 10-
and 20-percent sampling of traffic are
comparable to those found by Morris for
automatic recorder count of traffic vol-
ume®. It is apparent, therefore, that
some relation must exist between samples
of traffic for origin and destination and
short counts of volume used to estimate
average daily traffic,

Figure 6 represents graphically the
probable maximum error that one may
expect using either a 10- or 20-percent
random sampling method. The curves
were computed from the standard error
of the mean and converted to percent
error. A 99.9-percent-confidence limit
was used to include all errors resulting
from a standard deviation higher than the
average curve shows.

Questions have arisen as to the maxi-
mum allowable error in the number of
trip interchanges between specific pairs
of origin-and-destination zones. When a
10-percentor a 20-percenterror is speci-
fied as tolerable, is it acceptable to allow
the same probable error in the number of
trips between a pair of zones having a
large number of trips as allowed for a less
important pair of zones? Because of
the relative less importance of the pairs
of zones having but few trip interchanges,
it should be acceptable to allow the maxi-
mum percent error to increase as the
number of interchange trips decreases.
The curve of Figure 6 is a likely criteria
to follow for an allowable or tolerable
maximum percent error deviationfrom the
actual.

The systematic 10- and 20-percent
samples furnish useful tools by which
estimates of probable errors can be made,
They show the maximum probable error
introduced by sampling a specified number
of trip interchanges between pairs of
zones. However, this systematic sam-
pling method is not a practical field meth-
od because of the difficulties in arranging
to interview precisely every tenth or fifth

vehicle. To operate an interview station
‘Morris, Mark. Standard Deviation and Coefficient of Varia-
tion of Automatic Recorder Counts. Highway Research Board
Proceedings, Vol. 30: 336-337, 1951,

with desirable efficiency and maximum
convenience to the drivers, the vehicles
should be stopped in groups or chosen
singly at times opportune to the traffic
flow.
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Figure 5. Curves of the coefficient of
variation computed from the smooth stand-
ard deviation curves of Figure 3.
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~ Time-Controlled Samples of Traffic

Although it is not feasible in the field
to interview every fifth or tenth vehicle
in the traffic stream, time-controlled
samples of traffic, another form of syste-
matic sampling, may be used. The meth-
od consists of interviewing all vehicles
which reach the interview station during,
say, a chosen 2-min. period in each 10-
min. period throughout the entire day.
Although, under this plan, interviews
would be taken during 20 percent of the
clock time during the day, the number
of vehicles interviewed might vary plus
or minus from 20 percent of the total
number of vehicles passing the station.

A time-controlled sample was taken
for external Station 3 by choosing the ve-
hicles reaching the station during the first
2 min. of every 10-min. period from 7
a.m. to 11 p.m. The original survey
provided for listing the trips in their
respective 2-min. interval to facilitate
studies by time-controlled and other
methods. The selections of trips were
taken from the inbound and outbound travel
separately. Three separate expansions of
the sample to the known number of trips
in the 16-hr. period were made. The
expansions were based on the 10-min.,
1-hr., and 16-hr. ratios of the actual 100-
percent vehicle interviews to the number
of interviews chosen for the sample in
each of the three time intervals. Thus,
for the 10-min, expansion, 96 expansion
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factors were used: 16 were used for the
1-hr. expansion; and only one expansion
factor was used for the 16-hr. expansion.

The 16-hr. totals for trips between
specific pairs of zones as obtained by ex-
pansion are shown in Table 1. The 10-
min. and 16-hr. expansion factors indicate
about the same reliability, and each is
better than the 1-hr. expansion. The fact
that the rate of vehicles passing the in-
terview station increased and decreased
materially from one 10-min. period to
another, would indicate a greater ac-
curacy for the 10-min, expansion factor,
but such advantage is not significantly
apparent.

Probably the main disadvantage of the
time-controlled method of sampling traffic
would be that of keeping the interview
personnel busy at something useful during
the short-time intervals that traffic is
bypassed. Further, the 2-min, periods
are not always proportional in traffic
volume to the 10-min. period volume.
This method was 1nvestigated not that it
might be a possible field method but to
determine whether or not acceptable re-
sults could be obtained from samples taken
throughout the day on a time interval basis.

Time - and - S1ze - Controlled Samples of

Traffic

The methods of sampling previously
explained were used to establish curves
from which to predict maximum probable
errors. These curves may be so used be-
cause they possess the characteristics of a
random sample. The next step then is to
develop a method of field sampling of the
traffic stream which is workable from the
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standpoints of personnel organization and
of handling the traffic, yet a method pro-
ducing a representative sample.

One workable method of sampling traffic
from the standpoint of field operationis that
of selecting time-and-size-controlled sam-
ples. A time-and-size-controlled sample
would be made up of apredetermined num-
ber of vehicles chosen from the traffic
stream for a given time interval. As used
herein, the number of vehiclesto interview
in each time interval is predetermined as
a stated percentage of the vehicles passing
the interview station in the preceding time
interval. For example, assumingthat a 20-
percent overall sample is desired, 1f 30
vehicles passed the interview station mn a
given 10-min. period, 20 percent of 30, or
six vehicles, would be interviewed 1n the
succeeding 10-min. period. But no speci-
fied vehicle would be predetermined to be
interviewed; the party chief would have the
six vehicles chosenon the basis of theleast
inconvenience to the traffic and maximum
efficiency of his party. The six vehicles
would be time spaced sothat interview per-
sonnel would not be rushed; the choice of
vehicles should vary location to location
within the platoons and from single ve-
hicles.

For comparison of the time-and-size-
controlled samples of traffic withthe maxi-
mum percent errors established by the
systematic 20-percent samples, a test
sample controlled both on time and size
and again by direction was drawn from the
16-hr., 100-percent interviews of external
Station 3. A 20-percent sample was es-
tablished asthe size sample required from
each 10-min. interval in each direction.
The sample was so chosen from the IBM
lListing that the number of vehicles from
each 10-min. interval throughout the 16-
hr. day was 20 percent of the vehicles
passing the interview station in each pre-
ceding 10-min. interval.

The sample from the 16-hr. listing by
2-min. intervals of the trips passing Sta-
tion 3 was drawn by selecting the first trip
listed mn each of the five 2-min. groups
comprising the 10-min. period, plus ad-
ditional selections from the heaviest in-
tervals when more than five trips per 10-
min. interval were required. For instance,
if seven vehicles were required, five would
be drawn as the first vehicle of every 2-
min. group with an extra vehicle from each
of the two heaviest 2-min. groups. If
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TABLE 1

RESULTS OF 10-MIN., 1-HR., AND 16-HR. EXPANSION FACTORS FOR
THE TIME-CONTROLLED SAMPLING METHOD

This 20-p at sample of the reaching station 8 during
the first 3 min.' out of eath 10-min. consecutive period for the 16-hr. day.

Zono*

Origin]

pe:

o
HNHOWMO M= mO WD, EE MOOODDE>>id>

Total
Total p
AD |DA 283 960 23| 927 87 |944 4.0
AE [EA 208 | 353 | 18.8 350 17 4 2|1
AF |FA 188 198 3.7 201 | 6.9 196 | 4.
AG (GA 460 | 431 6.3 447 28 | 447 28
AH |RA 306 260 15 O 265 13 4 268 2.4
Al {IA 279 | 386 | 38. 4 389 (39 4 301 | 40,
BF |FB 110 T 30.0] 73 By 6 o4 ]
BG |GB 233 | 242 | 39 254|924 48| 6.
CF |FC 303 | 282 6.9) 278 8.3 [ 219 79
€a |GC 516 491 4.8| 482 [-X ] 808 1.8
CH |HC 170 149 12. 4| 139 18, 2 134 1.2
X X 452 | 472 | 4.4 49319.1 470 | 4
Total 4298 |4290 | 6A.9i77.7 (4208 BLBP& 6 (4208 | 68, C*IS. ]
Total percentf 146,68 170. 4 138.8
*The letter refer to areas as

A and D — States and Counties other than lowa and Story

B and E — Story County (Ames is located near the western edge of
Story County).
€ — Rural area contiguous to Ames city

F =~ City of Ames south of the C and N W. Ry. tracks and east of Squaw
Creek plus the rural contiguous area to the east and gouth.

G —Cityof Amesnorthof Cand N W Ry tracks and east of Squaw
Creek plusg the north contiguous rural area.

H — All of city of Ames west of Squaw Creek plus the west contiguous

rural area.

I — Iowa State College campus including Pammel Court.

X - trips the change trips of legs than
80 trips.

only four vehicles were wanted, none was
drawn from the lightest 2-min. group.

It must be remembered here that there
18 but little sumilarity in the manner by
which these test samples were chosen and
the manner in which actual field samples
would be taken except the number of ve-
hicles would be the same. The 100-per-
cent field interviews were recorded by 2-
min. periods duringthe entire 16-hr. day.
Because more than one interviewer was

working at a time, the interviews cannot
be placed in exact time sequence within a
2-min. period, but the 2-min. periods are
in actual road time sequence. Within each
2-min. period the IBM listing of the trips
is strictly random. To make certain of
this, the cards were sorted in such a way
that they were in random order. There-
fore, the test sample drawn on the basis of
the first trip listed in each 2-min. period
constitutes a random sample for that 2-
min. period.

The test sample as drawn was 24.3
percent of the inbound trips and 23.3 per-
cent of the outbound trips. The samples
exceed 20 percent of the total traffic be-
cause a fraction of a vehicle was added to
some 20-percent calculations to round off
the number of vehicles required to whole
vehicles.

The highest 10-min. volume of trips in
one direction was 53, resulting in a test
sample of eleven vehicles for the succeed-
ing 10-min. interval. One interviewer for
each direction could probably have handled
such a field sampling method because the
peak hour called for no more than eleven
interviews 1n any 10-min. interval.

The samples obtained by this method
were expanded to the known 16-hr. volume
mn a similar manner as were the time-
controlled samples, that is, by 10-min., 1-
hr., and 16-hr. expansion factors. As
shown in Table 2, there are no important
differences inthe separate results obtained
by the three expansion factors. Since the
selections by 10-min. periods were taken
proportionately according to the increase
and decrease in vehicular flow, the three
methods of expansion would be expected to
result in about the same number of trips
for each pair of zones. Table 2 shows
some minor variation. However, the ex-
pansion should be based upon the 10-min.
time periods whenever the sample for a
time period variedduring the day from the
chosen fixed percentage of the traffic.

Although both Tables 1 and 2 for spe-

"cific pairs of zones show a few percentage

errors larger than desirable limits, the
general range is considered to be accept-
able. Both samples gave better results
with the inbound direction than with the
outbound. The combined directions ef-
fects an improvement over the separate
directions. The time-and-size-controlled
sample of Table 2 shows slight improve-
ment over the time-controlled sample of



Table 1. However, before either of these
methods can be adequately evaluated, ad-
ditional test samples should be drawn.
Particularly they need to be applied to in-
terview stations having larger traffic vol-
umes than exist at Ames.

It has been shown that a constant per-
centage sample based on time and traffic
volume will produce reliable results for an
analysis of trip origins and destinations.
In addition, the methodallows enough flexi-
bility so that the percent sample at mini-
mum flow periods may be increased over
the constant percent taken at peak flows.
This increase in sample during periods of
light volume and less homogeneity is de-
sirable as a means of increasing the re-
liability.

The time-and-size-controlled method
of sampling appears to possess the criteria
of an acceptable method so that this method
may be adopted as a satisfactory method of
sampling traffic. Reliability will come from
the random sample as chosen by the party
chief using a control based on a short in-
terval of time, 10 min. or so. Additional
reliability may be achieved by expanding to
a 16-hr. or 24-hr. total on the basis of
hourly or shorter periods, depending upon
the percentage size of sample and its se-
lection. An explanation of the field pro-
cedure follows in a succeeding section.

Samples of Unidirectional Traffic

The four sampling methods discussed
relate to samples of traffic taken from both
directions, in which the destinations of in-
bound trips were not considered to be the
same as the origins of outbound trips. In
these test samples of 20 percent of the
traffic in each direction, the results pro-
duce a sample of 20 percent of the total
traffic. Assuming equal volume in each
direction for the day, a 20-percent sample
from only one direction would be a sample
of 10 percent of the total traffic. When the
traffic flowis relatively of the same volume
in eachdirection and the origin anddestina-
tion of the inbound trip are the destination
and origin of the outbound trip, a sample of a
specific number of interviews from one
direction only should be as adequate as a
sample of the same total number of inter-
views, but drawn half from each direction.
Sampling of traffic in one direction only
would simplify both the field and office pro-
cedures and perhaps increase the accuracy
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of the office work by eliminating certain
chances for confusion.

Barkley® mentioned surveys where only
one direction of traffic was sampled. The
outbound traffic was used in most instances
so that the route traveled throughthe urban
area being studied cound be obtained from
the driver.

Through study of the preceding methods
of sampling, i.e., 10-percent systematic
sampling, 20-percent systematic sampling,
time-controlled sampling, and time-and-
size-controlled sampling, data have been
made available for comparing the inbound
and outbound trips with their respective
interchange groups.

Statistical computations used in com-
paring observed data with expected dataare
made possible by the use of the statistic,
chi-squared. Anderson® states that chi-
squared is a measure of the degree to
which a series of observed frequencies of
occurrence deviate from corresponding
theoretical frequencies. Values of chi-
squared giving a probability of less than
0.05 are generally accepted as an indica-
tion that the discrepancies are too great
to be attributed to chance.

Each origin-and-destination group of
outbound trips was tested with its related
group of inbound trips for each of the four
external stations. The expected values used
in the statistical evaluation was the mean
of the two directions for each group. The
computed results of Station 1 are shown in
Table 3. The total of 14 chi-squares of
Station1 was 15. 60 which indicates a prob-
ability value greater than 0.30. Stations
2, 3, and 4 were computed in a similar
manner and their probability values were
greater than 0.70, 0.20, and 0.90, re-
spectively. No significant differences in
trip distribution by direction exist in these
sets of data, because the probability values
are all greater than the 0. 05 value. These
results are contrary to Anderson's paper,
where the one station he tested resulted in
a difference too great to be considered
reliable.

The results of the preceding four meth-
ods of sampling found in Figure 3 and
Tables 1 and 2, were analyzed with re-
®Barkley, R.E. Origin and Destination Surveys and Traffic

Volume Studies, Highway Research Board Bibliography No.
11,Wash. , D.C., U.S. Govt. Printing Office 1951.

SAnderson, O.K. Statistical Evaluation of Origin-Destina-
tion Data. Traffic Engineering. Vol. 22, No. 5: 183-187.
February 1952,
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TABLE 2

THE 10-MIN , 1-HR., AND 16-HR. EXPANDED TRIPS FOR THE TIME-AND-SIZB-
CONTROLLED SAMPLE FROM STATION 3}

100 Sample
Zone®  |percent|  10-minute T-hour 16-hour
inter-~ ion factors ansion factors | expansion factors
Origin | Desti- | view TTOT, TTOT, Error,
nation | trips Trips rcent Trips rcent Tripg ercent
Plus [Minus Plus | Minus Piul Minus
Inbound Toward City (24. 3 percent sample)

A D 463 430 11 0] 440 as | 450 68

A 8 148 141 28 8] 0.7 el 21

A F 80 K 88 7 5.0 * 18

A G s 28 | 18,7 252|113 0 259 {18.1

A H 183 145 8.2 “ 89 182 a7

A 1 141 82| 74 1547 9.2 1521 78

B ¥ [ 84 10.0 57 6.0 64 10,0

B a 13 147 | 10 § 183|143 | e’

c ¥ 145 104 283 110 un1 103 %0

c G 70 a7 16 27| 3 0 284 8.2

c :} K 'IB a1 T3 78 70 1.4

X X 212 278 | 23. 252138 U4 | 09
Total aH4 2134 | 61.8) 71 3| 2134 (53 71850.6 | 2134 |40 4 [€65. 4
Total percent 133 0 110.3 114.8

Outbound From City (23 3 percent sample)

D A 800 473 8.4| 470 6.0 | 474 8.2

E A 183 20 41 2 98 373 91 40.5

F A 108 148 | 34.3 145343 138 |27 6

[«] A 37 19 | 17 7 287 )31 280 18,1

H A 183 178 | 16. 9] 182f19 0 161 1183

1 A 138 110 20,y 111 196 116 18.9

F B 80 02| 24.0 881180 56 1120

a B 100 102 2.0 101 LO 1081 80

P c 188 178 | 11 4 168 70 168 | 6.3

G [ 40 2713 | 103 268} 4.9 284 18, 4

B c 91 117 | 28. 6| 12231 116 |27 &

X X 230 181 30 0| 158 326 182 33,9
Total 64 2104 [144.8] 06.0| 2104 J41.4195.8 | 2164 1263 |9%.8
Total percent 4 a1

Both Directinns Combined
AD DA 983 803 8.1 910 T4 924 8.0
AE BA 298 1 22.8) 242 188 9 19.8
AF PA 1688 218 | 14, 0| 22176 21228
AQ GA 480 837 | 16.7 830 |17 2 839 |17 2
AH HA 308 323 | 8.8 20| &8 Mles
Al 1A 7 282 6.1] 265 5.0 | 268 30
BP FB 110 118 8.4 18] 4.8 11000 | 0.0
BQ GB 3 0 | 6.0 253 ] a6 283)a2
CF FC 303 280 76| 270 79 1M 10.6
cG ac sle 848 | 6.2 846 | 8.8 888 |10, 1
CH BC 170 192 (129 1935 [14.7 188 | 0.4

X X 452 439 9f 407 10.0 | 386 124
Total 4208 4208 |69 7] 47 2| 4208 |74.9149 1 | 4298 B8.5 (827
‘Total percent 118 9 124.0 119 2
* The letter refer to areas as follows:

A end D — States and Countiss other than Iowa and Story
B and B — Btory County (Ames 1a located near the western edge of Story County)
C — Rural area contigucus to Ames city

F — Clty of Ames south of the C and N.W Ry tracks and east of Squaw Creek
plus the rural contigucus area to the east and south.

G — City of Ames north of the C and N W Ry. tracks and east of Squaw Creek
plus the north contiguous rural areas.

H — All of city of Ames west of Squaw Creek plus the west contiguous rural ares.
I — lowa State College campus including Pammel Court.
X - trips the change trips of leas than 80 trips.

spect to direction. The same maximum
probable error for each direction was
found for each of the four methods. Since
the distribution of tripsby pairs of origin-
and-destination zones was materially the
same for each direction, one can conclude
that samples of one direction should pro-
duce the same reliability of results as would
samples from both directions. The 100-
percent interview trips given in Tables 1
and 2 and the expanded samples show no
great differences between the inbound and
outbound totals for each pair of zones.

Many routes carry greater volumes n
one direction than in the other. But when
the directional volumes are approximately
.equal, surely most trips in one direction
necessitate return trips in the opposite
direction, unless Sunday trip or tourist
travel 1s involved. A 100-percent uni-

directional sample of traffic would be ap-
proximately a 50-percent sample of the
whole population at most traffic stations.
Where there is little influence by direction
of travel on the total interchange of trips
between pairs of origin-and-destination
zones, unidirectional sampling would be
appropriate.

The advantages of sampling traffic in
only one direction outnumber the advantages
of two-directional sampling. The interview
personnel can work ata moreconstant rate
taking a set percentage of interviews at
peak hours with increasing percentage
samples at minimum flow hours by a func-
tion of the number of personnel available.
It is agreed, however, that for 100-percent
samples of traffic, the interview personnel
may be shifted from one side of the road to °
the other for efficient handling of peak-
hour flows. The bypassing of vehicles
that are not to be interviewed presents a
problem in location of the station and safety
of operation. It is apparent that two-di-
rectional sampling of traffic would require
two vehicular lanes for each direction, or
four lanes. One-direction interview sta-
tions could be located where only three
lanes were possible and where two-direc-
tion interviews could not be mantained
simultaneously.

When a two-direction sample of traffic
is taken at external stations, all through
trips are interviewed twice so that half of
such interviews, being duplicates, would
not beused in thefinal analysis. However,
all interviews of a one-direction sample
can be used, and, assuming that the origin
and destination are not influenced by di-
rection, the same reliability would prevail
as if both directions were sampled.

RECOMMENDED FIELD SAMPLING
PROCEDURE

The basic preliminary investigations
for locating cordon lines and roadside sta-
tions, and the preparation for coding and
analysis required to complete anorigin-
and-destination study using samples of
traffic are the same as when every vehicle
is to be interviewed. Interviewing to ob-
tain a time-and-size-controlled sample of
traffic differs from 100-percent interview-
g only in the number of vehicles stopped
for interviewing. Samples takenfrom only
one direction were shown to be reliable for
the Ames origin-and-destination study.



One-direction sampling 1s recommended 1n
conjunction with the 'time-and-size-con-
trolled sampling method where existing
conditions have the same characteristics
as Ames.

Size Samples of Traffic

The routes under study may have some-
what different compositions of traffic.
Peak-hour volumes and their occurrences
throughout the day may differ location to
location the same as do origins and desti-
nations. The number of pairs of origin-
and-destination zones of interest and the
number of interchange trips for each pair
also may vary station to station. The s1ze
of the sample of traffic and the procedure
for taking the sample, therefore, must be
flexible enough to meet with these variable
conditions. The degree of accuracy of a
sample 1s related both to the absolute size
of the sample and its size relative to the
population from which it 1s taken. The
maximum si1ze of the sample that can be
taken, in turn, 1s dependent upon the num-
ber of interview personnel assigned to the
roadside station.

A 20-percent sample of traffic inone di-
rection would be anadequate size of sample
for the external cordon located about Ames
or any city of the same size with about the
same characteristics. However, in other
localities a thorough study of the existing
facilities and conditions must be made be-
fore the si1ze of sample can be determined.
The city should be divided into homogeneous
zone designations and the zones divided in-
to tracts. The size of the sample should be
determined from the number of trips be-
tween pairs of origin-and destination zones,
but if the number of trips were known a
survey would not be required. The de-
sirable si1ze of sample is a function of the
number of tractdesignations withinthearea
to be studied, the total number of trips to
and from each tract of interest, and the
vehicular volume passing the proposed
roadside station.

A traffic engineer familiar waththe area
and the driving habits of the population,
probably could estimate reasonably well
the number of trips generated by a given
tract. Thepercentage size of sample would
be controlled by the tract of interest having
the smallest number of trips and the de-
gree of accuracy desired. For instance,
if tract 037 was estimated to generate 100
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trips which pass through Station 3, then a
20-percent sample would produce only 20
such trips. These 20 interviews wouldpro-
duce a mmmimum reliability of 68 percent
(Fig. 6). Should this reliability be accept-
able for the tract, a 20-percent sample
could be taken. Combining adjacent tracts
to produce a larger number of trips, would
increase reliability and is an acceptable
procedure as long as each land area of
specific interest does not lose its identity.

Method of Sampling the Traffic

Field procedures when interviewing
traffic by time-and-size-controlled samp-
ling methods wouldnot be the same as when
100 percent of the traffic 1s stopped for
interview. Vehicles would be bypassed
throughout the day, thus requiring an inter-
view lane and a bypass lane for each direc-
tion of traffic interviewed. For a route
normally carrying one lane of traffic in each
direction, four lanes would be required at
the roadside station to avoid waiting and
congestion. Again, where feasible, sam-
ples taken from one direction only are rec-
ommended sothat roadside stations may be
located for efficiency and safety, using only
three lanes.

No specified vehicle should be predeter-
mined to be interviewed, but the number of
interviews within a time interval would be
predetermined. The time interval may be
10, 15, 20, or 30 min. in length depending
on the sharpness of the peaks in the daily
volume curve. The vehicles to be drawn
from the traffic flow should be controlled
by the party chief on the basis of the least
inconvenience to the traffic and maximum
efficiency of his party. As platoons of
vehicles approach the roadside station, the
choice of vehicles to be interviewed should
not necessarily be the first or the last ve-
hicles in line. The choice should vary,
using vehicles of different locations within
the platoons.

At peak periods of the day, samples of
traffic could be a constant percentage of the
vehicle stream. At minimum-flowperiods,
the percentage size of sample maybe great-
er than the percentage at peak flows as a
means of increasing the reliability. The
number of interviews to be made during
the minimum flow periods can be handled
by not more than the number of interview-
ers that would be adequate at peak hours
because there would not likely be need to
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TABLE 3

CHI-SQUARED TEST FOR SIGNIFICANT DIFFERENCES IN
TRIP DISTRIBUTION BY DIRECTION AT STATION 1AS COM-
PUTED FROM THE 100-PERCENT SAMPLE

Chi-square = 2(Observed - Expected)®
Expected

Interchange Number of Trips
Groups Chi-square

o) D Inbound | Outbound | Expected Value
01 11 505 465 485 1.65
01 14 90 67 78.5 3.37
01 12-13 63 66 64.5 0, 07
01 15-18 68 85 76.5 1,89
02 11-12 99 108 103. 6 0,39
02 13 61 65 63 0,13
02 14 141 133 137 0,23
02 15-16 kid 70 73.5 0.33
03 [11-12-13 127 125 126 0, 02
03 14 164 152 158 0, 46
03 15-16 85 61 73 3.95
Total 01 Group 377 376 3876.5 0. 00
Total 02 Group 384 346 365 1,98
Total 03 Group 728 686 708 1.18

Total Chi-Square = 15. 60*

*Corresponding value of probability is greater than 0. 30, in-
ferring no significant differences of trip distribution between
outbound and inbound traffic.

interview more vehicles per hour at low
flows than during the peak flows.

At Station 3 of the Ames origin-and-
destination study, one interviewer could
handle a 20-percent sample at peak hours
n one direction since the maximum flow
was 53 vehicles in a 10-min. interval. The
maximum 16-hr. count was 2,164 vehicles
inbound. If one interview per minute was
taken during the 16 -hr. period by the inter-
viewers, there would be a possible 960
interviews or 44 percent of the vehicles
interviewed in one direction. Thus, Sta-
tion 3 could be handled on a unidirectional
basis with a party of five or six persons
for each 8-hr. shift, consisting of one party
chief, one interviewer, onetraffic enumer-
ator and classifier, one or two traffic di-
rectors, and one relief. The traffic enu-
merator andclassifier mayalso act as the
timer who records the traffic flows by
short-time intervals and informs the inter-
viewers of the predetermined number of
interviews to be taken in the next time
mnterval. The party chief probably would
choose to rotate the assignments and to
assist himself in the work as needed.

Standard procedures for choosing ve-
hicles from the traffic stream and estab-
lishing a given number of personnel to
interview a set percentage of vehicles is
difficult to formulate. Rather, the opera-
tion of each interview station should be
tailor-made to fit the conditions determined
from preliminary counts, observations, and
experience.

SUMMARY

A reliable method of sampling traffic
for interviews of origins and destinations
to decrease the cost, time, and personnel
is needed. The Ames, Iowa, origin-and-
destination study conducted in 1949, where
100 percent of the traffic at four external
stations and three interior screen line sta-
tions were interviewed and recorded on a
2-min. basis has furnished the data for
testing various sampling schemes.

The systematic 10- and 20-percent
sampling methods investigated resulted in
useful tools by which estimates of probable
errors of other methods can be made.
Criteria for which maximum errors of
specified number of trips between pairs of
origin-and-destination zones have been set.

Reliability, or the maximum allowable
percent error, varies with the number of
trips between pairs of zones or tracts.
Based on the systematic 20-percent sample
and a 99.9-percent probability, groups of
100 trips were found to have a maximum
probable error of 32 percent, while pairs
of zones of 800 trip interchanges were found
to have a maximum probable error of only
9 percent. However, in field operations it
is not feasible to stop exactly every fifth or
tenthvehicle forinterview, soamore flexi-
ble procedure of selecting the vehiclesto be
interviewed 1s desirable.

The time-controlled sampling method
was investigated to determine whether or
not samples can be based on time periods
taken throughout the day. It is concluded
that there 1s significant rehability in sam-
ples taken during the first 2 min. of every
10-min. period throughout the day. How-
ever, this method, also, is not practical in
field operation because the interviewers
would not be busy during periods when all
vehicles were bypassed.

The time-and-size-controlled method of
sampling traffic was found to produce re-
liable trip origins and destinations. The
method allows flexibility in field opera-
tions so that the percent sample at mini-
mum flow periods may be increased over
that taken at peak flows. This time-and-
size-controlled method of sampling traffic
simplifies the analysis, shortens coding
time, reduces the number of field person-
nel, produces a minimum of vehicular
delays, possesses flexibility, and provides
accurate data. The time-and-size- con-
trolled method of sampling traffic for inter-



views is recommended for origin-and-
destination studies.

Unidirectional samples of traffic were
discussed 1nconjunction with the use of any
of the preceding four methods of sampling.
Statistical computations used in comparing
observed data with expected data were made
possible by the use of the statistic, chi-
squared. The preceding tests compared
trips between pairs of zones by direction
and found no significant differences in re-
sults. Probably the same rehiability would
be had from a sample taken from only one
direction as would be had from a sample
from both directions.

The advantages of sampling only one
direction by the time-and-size-controlled
method far outweigh the advantages of
two-directional sampling where there 1s
Iittle influence by direction of travel on
the origin and destination. A 20-percent
sample of traffic in one direction, also
being a 10-percent sample of traffic from
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both directions, gave reliable results when
applied to the origin-and-destination study
of the Ames external stations.

This paper does not suggest that the
problem of sampling traffic for origin-and-
destination surveys 1s solved. The con-
trary 1s true. The recommended method
of sampling is only in the development
stage. Field-sampling procedures cannot
be perfected on paper. Field work 1s
needed to further test the proposals herein.

More data are available at the Iowa
State College Engineering Experiment
Station to continue researchon the internal
Stations 11, 12, and 13 which concern
mtracity travel. Further, additional
sampling studies are needed on external
stations under different conditions.

This brief and incomplete study, how-
ever, does show that the sampling proce-
dure can be appliedto origin-and-destination
studies at a great saving in time and cost
without sacrificing reliability of results.
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