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THE USE OF DIVERSE SAMPLING PLANS FOR THE COLLECTION OF TRANSPORTATION DATA 

Paul Rackow, Tri -State Transportation Committee 

Thus, the survey is both enumerative and analytic. 

II SURVEY SAMPLING PLANS 

INTRODUCTION 

The problem of improving transportation 
systems for the growing number of urbanized 
regions throughout the United States has been 
receiving increased attention in recent years. 
Great impetus to Urban Area Transportation 
Studies was given through the passage of the 
Federal Highway Act of 1962. This legislation 
provided for the use of federal -aid highway 
money in the planning of integrated region- 
wide transportation systems. A region is an- 
alogous to the definition of a Standard Metro- 
politan Statistical Area(SMSA) as used by the 
Bureau of the Census in the 1960 Census of 
Population. 

In August 1961 an informal arrangement 
between the Governors of New York, New Jersey, 
and Connecticut led to the formation of the 
Tri -State Transportation Committee. The three 
State Governments in conjunction with various 
Federal Agencies mutually agreed upon appro- 
priate financing arrangements. Membership on 
the Committee included not only representatives 
from each of the three State Governments but 
also included participants from the U. S. Bur- 
eau of Public Roads, the U. S. Housing and 
Home Finance Agency, the Federal Aviation 
Agency and the New York City Planning Commis- 
sion. Local cooperating committees represent- 
ing cities and counties within the Tri -State 
Region are important adjuncts to the Committee. 
Following the structuring of the Organization, 
the next step was the completion of a Pro- 
spectus for the Committee which would outline 
the projects to be undertaken in order to ful- 
fill its mission. In its own words the purpose 
of a transportation plan is to provide for "the 
expeditious movement of persons and goods 
throughout the region which is essential for 
the continued economic growth of the 17 million 
people who presently reside within it." 

As might be expected, the first step in 
the process of transportation plan development 
is the large scale collection of relevant data. 
Previous urban area studies have shown the ex- 
istence of an intimate functional relationship 
between trip generation and population, socio- 
economic, vehicle ownership and land use char- 
acteristics of a region. The projects as= 
signed to the Data Collection Section were the 
design and field work associated with a number 
of travel inventories. These inventories are 
to determine the current functional relation- 
ships among the variables mentioned above for 
use in the projection of trips by mode and pur- 
pose in future periods. Hence while the sur- 
vey results themselves are answering enumera- 
tive questions, the use to which the data will 
be used in transportation planning involves an 
analytic study. 

The Travel Inventories comprise three 
areas of Data Collection: 

1. Home Interview Survey 
2. Truck -Taxi Survey 
3. External Cordon Line Survey 

The aim of the Travel Inventories is to describe 
the totality of trips made by persons and ve- 
hicles via all possible modes of travel on an 
average weekday within a defined Cordon Area. 
The Cordon Area is defined as that portion of 
the total Tri -State Region which contains now or 
is expected to contain by 1980 most of the urban 
development. The line encircling this area is 
the frame within which we wish to estimate the 
totality of trips. Each of the three inven- 

tories provide a segment of the total trips made 
within the Cordon. The Home Interview Survey 
provides those trips originating at the living 
places within the Cordon by all modes of travel 
except trucks and taxis. These trips are esti- 
mated through the Truck -Taxi Survey by sampling 
from Motor Vehicle Bureau files. The remaining 
segment of trips made within the Cordon Area 
originate outside the Cordon. The External Cor- 
don Line Survey samples trips made by automo- 
biles, trucks, and taxis crossing the Cordon 
that are destined inside or outside the line. 
Those trips found to be garaged within the Cor- 
don Area are duplicated by results from trips 
made either by the Home Interview or Truck -Taxi 
Survey. These must be eliminated before the 
results from the three surveys can be added to- 
gether. 

This paper does not propose to discuss the 
survey methods associated with the External 
Cordon Line Survey. That survey was the respon- 
sibility of each of the three concerned State 
Highway Departments. Basically, the sampling 
plan involved the collection of at least 10% 
of the trips made across the Cordon Line via all 
roadways with an average of 2,000 vehicles or 

more per day. For safety and other practical 
reasons, it was felt that a probability mech- 
anism was not applicable to the type of roads 

concerned. It is the opinion of the author that 
a modification of a probability sampling tech- 
nique described in a paper he and others pres- 
ented to the American Statistical Association in 
1960 may be applicable even here.1 

1. Leslie Kish, Warren Lovejoy and Paul 
Rackow "A Multi -State Probability Sample 
for Traffic Surveys" Presented at the 1960 
Annual Meeting of the American Statistical 
Association. 



A. Sources Available for Sample Selection 

There are a number of sources available 
for selection of the Home Interview Survey in 
the New York -New Jersey- Connecticut Tri -State 
Region. These range from various field listing 
techniques to the use of Sanborne or other maps, 
Reverse Telephone Directories, or the records 

of the various Utility Companies that cover the 
region. Typically, Urban Area Studies have used 
the results of a Land Use Inventory which col- 
lects data on the development of the land includ- 
ing a detailed listing of all living places with- 
in the area as a means for a selection of a sam- 
ple of households. However, the situation at 

Tri -State required that both the Land Use Inven- 
tory and the two Travel Inventories be conducted 
almost simultaneously. 

In the case of the Truck -Taxi Survey, the 

source for selection was the records of Truck 
and Taxi Registrations within the Cordon Area of 
the three concerned States. Each State presented 
unique problems of sampling due to both the form 
in which their records were kept and their will- 
ingness to cooperate in processing the data. 

B. Requirements of the Sample Design 

The sample design for the two travel in- 
ventories had to be economical and practical in 

order to meet the necessary requirements for 
speedy field work and reasonable workloads, con- 
ditions of work and overall cost. 

There were a number of specific require- 
ments which had to be met by the Survey Design: 

(1) Sample estimates had to be produced for 
a great variety of characteristics. These in- 
cluded such things as trips between geographic 
areas, trips by mode of travel, purpose of trip 
or land use category. In additions, such items 
as car ownership rates and incomes distributions 
for various household types' by varying popula- 
tion density groups in the region was necessary 
as well. These estimates were for trips made on 
an average weekday over the period of the survey. 

(2) The sampling frame included all housing 
units and other special dwelling places within 
the defined Cordon Area for the Home Interview 
Survey and all trucks and taxis registered with 
the three State Motor Vehicle Departments with- 
in the Cordon Area for the Truck -Taxi Survey. 

(3) The sample was a probability sample requir- 
ing that every housing unit (or special dwelling 
place) or truck -taxi registration have a known 
probability of selection achieved by randomized 
selection procedures. 

(4) Built into the sample design were pro- 
cedures whose purpose was to measure the sampling 
errors associated with the various sample esti- 
mates to be made. 
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(5) The statistical reliability required in 
the survey specified that with the expected over- 
all sample of 450,000 trips, a sample estimate 
of 1% or 4,500 trips, would have a coefficient 
of variation of the order of 2.5% or less. 

The design had to be tailored to the 
practical problems inherent in the actual conduct 
of a Home Interview or Truck -Taxi Survey, and 
these considerations necessitated the use of the 
following procedures: 

(6) The survey budgets permitted the use of 
some 250 interviewers, control clerks, and other 
administrative personnel to collect the necessary 
data over a relatively short time period. The 

Home Interview Sample was randomly assigned to 
80 travel dates while the Truck -Taxi sample was 
spread over 91 dates. 

(7) The survey designs included a 1% probab- 
ility sample of housing units and other special 
dwelling places for the Home Interview Survey 
and a 3% probability sample of appropriate truck 
and taxi registrations. 

(8) To improve coverage of different origin 
and destination patterns and mode of travel usage, 
both samples are randomly spread over time in 
such a way as to insure geographic dispersion 
for each weekday assignment. 

(9) Average workload per interviewer ranged 
from about eight home interview assignments in 
the City of New York per weekday to a lesser a- 
mount in the more suburban areas. Assignments 
usually averaged 7 sample units for the Truck - 
Taxi Survey. 

C. Field Survey Procedures 

The Home Interview Survey was designed to 
obtain weekday trip information and other socio- 
economic data from a sample of persons residing 
in housing units and other special dwelling places. 
As a means to this end, the frame for sampling 
purposes was defined as living places located 
within the Cordon Area. Sample units selected 
were randomly allocated to unique weekday travel 
dates over an 80 day period. The field inter- 
viewer was assigned to obtain the necessary data 
from each person 5 years of age and older resid- 
ing at the living place for the randomly chosen 
travel date only. This was accomplished by vis- 
iting the residence of the day following the tra- 
vel date after a letter announcing the intended 
visit had been sent a week earlier. Up to three 
days after the travel date assignment was allowed 
for completion of the interview. 

Similarly, the Truck -Taxi Survey was des- 
igned to obtain weekday trip and other data from 
a sample of trucks and taxis registered within 
the Cordon Area. 
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The sampling frame comprised trucks and 
taxis registered with each of the three State 
Motor Vehicle Departments. After selection of 
the sample and random allocation to 91 travel 
dates, field interviewers were required to com- 
plete their questionnaires by oral interview of 
truck or taxi owners, dispatchers, drivers, etc. 
within three days after the assigned travel 
date. As in the Home Interview Survey, letters 
to prospective respondents were seat well in ad- 
vance to insure a maximum of cooperation. 

D. Types of Sampling Plans 

1. Home Interview Survey 

A number of sampling frames were used as 
sources for selection of a one -percent probabil- 
ity sample of living places in New York -New 
Jersey- Connecticut Cordon Area. 

New York City 

In cooperation with another public agency 
which had already completed the necessary pre- 
paratory work a one -percent clustered area 
probability sample was selected. The sampling 
frames were defined by two strata: 

a. The civilian, non -institutional population 
living in housing units and other special dwel- 
ling places in existence according to the 1960 
Census of Population and Housing. 

b. Housing units built since the 1960 Census 
up to and including February 28, 1963 as repres- 
ented by occupancy certificates obtained from 
the New York City Department of Buildings 

Blocks, as defined by the Bureau of the 
Census, are assigned measures of size approxi- 
mately equal to one -eighth the number of housing 
units found in the 1960 Census. These measures 
of size are always whole numbers. A block with 
a given measure of size is said to contain that 
many clusters of housing units which, hopefully, 
average approximately eight housing units. 

Some of the defined Census blocks received 
no independent measures of size. A block with 
less than six housing units recorded in the 
1960 Census was arbitrarily joined to an ad- 
jacent block that contained six or more housing 
units. Such linked blocks were treated as 

single pseudo -blocks. 

Certain blocks were excluded in whole or 
in part. Census blocks wholly excluded are 
those within military areas and blocks along 
the waterfront which yield a largely transient 
population depending on the number of boats 
docked. Blocks excluded in part are those por- 
tions containing institutional population as 
determined by the Census. However, housing 
units for institutional staff members were not 
excluded. 

Non -institutionalized persons living in 
group quarters were converted into measures 
of size on the basis of twenty -five people per 
measure. These measures were added to that for 
housing units to obtain a total measure of size 
for the block. 

After all conversions to measures of 
size were completed, geographic area sequence 
was randomized as follows: First, a random 
arrangement of boroughs and within each borough 
a random ordering of health districts was de- 
fined. Finally, within health districts, a 
random sequence of health areas was determined. 
As a rule, a health area contains more than 
five census tracts. Upon completion of this 
randomization procedure, every 100th measure 
of size was selected following a random start. 
In the borough of Richmond, every 50th measure 
was selected and later, after definition of 
the interviewing cluster, a random half per 
cluster was taken so that each cluster averaged 
four housing units. 

It is felt that the randomization pro- 
cedure used reduced to insignificance the liki- 
hood that final ordering of the areas con- 
tained any periodicity in the occurrence of 
characteristics of the population that would 
be a multiple of the sampling interval. 
Hence, this systematic sample of measures of 
size attached to randomly ordered areas may 
be considered as a simple random sample of 
measures of size. 

In New York City, whenever a new 
residential structure is constructed or an old 
structure is converted or modified, occupancy 
permits must be secured from the Department 
of Building before such residential quarters 
may be occupied. These permits are a source 
for determining new construction since some 
base period such as the April 1960 Census. 

Data on occupancy permits issued since 
the 1960 Census up to an including February 
1963 were secured and included physical 
location(address and apartment number) and 
the number of residential units involved. 

The structures involved were arranged 
in tax block sequence within each borough. 
Measures of size, approximately equal to one- 
eighth the number of units covered by occupancy 
permits, were assigned to each tax block, and 
every 100th measure was selected after a ran- 
dom start. 



If one or more of the structures on the 

census block were included in the occupancy 
permit frame, whether or not they were selected 
from that frame, the census block was consider- 
ed to contain all housing units outside the 
occupancy permit structures. Thus, if a sam- 

ple hit were made in the selection of measures 
from stratum A (1960 Census) turns out to be in 

a structure which is a member of the occupancy 
permit frame, that measure is given a "no 
units" designation and is not covered in the 
field interviewing. Also, "no units" designa- 
tions can result for measures selected from 
stratum A but which were demolished since the 
1960 Census with no subsequent construction of 
residential quarters until after the inter- 
viewing period. 

Those Census blocks containing selected 
measures of size had to be listed in detail by 
field personnel. After listing all housing 
units within the block, they were grouped into 
segments equal to the number of measures pre- 

viously assigned to the block. A great effort 
was made to define the measures with a maximum 
of physical continguity to insure unique 
identification of the segment assignment. Then 
preceding in a logical, pre -established se- 
quence, the appropriate selected measure was 
determined. 

Definition of the sample from the frame 
of occupancy permits was relatively simple. 
No comparison had to be made to exclude census 
block population. The unique physical limits 
of the selected measure had to be determined. 

A modification of the sample design 
described above was introduced to reduce sam- 
pling error in that portion of the sample con- 
taining hotel and motel living places. This 

was done because of the Census Bureau defi- 
nition of housing unit and our desire to sam- 
ple persons living in transient hotel and motel 
rooms. 

Another sampling frame was defined con- 
sisting of hotels and motels in New York City 
having 100 or more rooms assigned to transient 
guests. Measures of size equal to approx- 
imately one -tenth the number of transient guest 
rooms were assigned to each hotel and motel 
in the frame. After geographic stratification 
of the frame, every 200th measure was system- 
atically selected in two independent replica- 
tions. A precise definition of transient sta- 
tus was given to each interviewer and all 
assignments were allocated to travel dates at 
random over a time period. Interviewers were 
instructed to interview only in rooms within 
the assigned measure containing transient 
guests. The introduction of this new sampling 
frame had an effect on the major sample des- 
cribed previously. The effect was as follows: 
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(1) All previous sample measures that fell in 
hotels or motels included in the transient sam- 
pling frame are to be treated specially. Only 
rooms within the defined measures which contain 
permanent guests were to be included in the 
sample and interviewed. Others were to be con- 
sidered out -of- scope. 

(2) All other previous sample measures that 
fell in hotels or motels which are not members 
of the transient sampling frame were to be in- 
terviewed in entirety as a catch -all measure. 
That is, all persons living in rooms defined by 
the measure are to be interviewed whether they 
are transient or permanent guests. 

In summary, there are then three types of 

sample measures defined for hotels and motels 
in New York City: 

(1) 

(2) 

(3) 

Transient Measures 
Permanent Measures 
Catch -all Measures 

Outside New York City 

The necessity for a speedy, inexpensive 
sample selection scheme required the use of 
the records of the various Electric Utility 
Companies as a sampling frame for most of the 
remainder of the Cordon Area outside New York 
City. Although initial costs were insignifi- 
cant (all utilities cooperated as a public ser- 

vice with no charge to Tri- State) and the sam- 
ple was selected quickly so that processing 
for field assignment could proceed rapidly, 
other methodological problems arose which led 
to considerable expenditure of time and money. 

Utility company records are broadly split 
into two groups which are of interest to us in 
sampling living places: 

(1) Residential rate customers usually repres- 
enting individual housing units in the Census 
definitional sense. 

(2) Commercial or General Service rate cus- 
tomers representing multi -unit housing units in 
the Census definitional sense. 

A residential account or meter may rep- 
resent two or more housing units (living 
places) in some cases but generally are in 
bi- unique correspondence to one housing unit. 
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However, commercial rate accounts range from 
representing an office in a commercial building 
with no housing units to a motel representing 
50 separate family units. Commercial or Gen- 
eral Service rate accounts do not include a 
source for sampling large housing complexes 
such as Public Housing or Private cooperative 
Housing which is supplied electricity through 
demand meters (master- metering). However, many 
of the utility companies did supply us with in- 
formation about non -public large housing com- 
plexes supplied electricity in this manner. 
Further assistance in this problem was obtained 
through the cooperation of the various County 
Planning Boards that comprise the Tri -State Re- 
gion. Information about large public housing 
complexes with demand meters was secured from 
the various Public Housing Authorities. 

Each utility company was asked to select 
one in every one hundred residential rate 
accounts following a random start. Records of 
each company are in meter -reading cycle order 
which is, in effect, a geographic stratification 
of the universe. A meter cycle lasts either 21 
or 42 days. In addition, a 100% listing of all 
commercial or general service accounts were 
obtained as well. The sample frame included 
both active and inactive meters; hence, vacant 
units as well as occupied ones are reflected in 
the sample. However, since each sample was se- 
lected from utility company records at an in- 
stant in time, there is no reflection of housing 
unit growth from the time of selection to the 

end of the field interviewing period. 

The commercial rate accounts although 
numbering about 225,000 represent much less than 
5% of the final residential units sample. Never- 
theless, to insure complete coverage of the liv- 
ing place frame, a sample from this portion is 
necessary though costly. It was decided to 
stratify this frame into three groups based on 
the number of living places likely to be 
associated with an account. 

(1) Accounts likely to have no housing units 
or other special dwelling places. 

(2) Accounts likely to have from one to twenty - 
five housing units or other special dwelling 
places. 

(3) Accounts likely to have more than twenty - 
five housing units or other special dwelling 
places. 

Group (1) was sampled at a rate of one 
in every one hundred; group (2) at one in every 
ten; and group (3) was covered one hundred per- 
cent. All accounts selected from groups (1) and 
(2) were assigned to field personnel whose job 
was to determine the number of housing units or 
special dwelling places associated with each 
account. 

These results were then sampled at a second 
stage to provide an overall probability of 
1 in 100. That is, 

Group (1) 1 /100 = 1 /100 X 1/1 

Group (2) 1 /100 = 1 /10 X 1 /10 

Accounts in group (3), such as hotels, motels, 
rooming houses, hospital staff quarters and 
school dormitories, were sampled at a rate of 
1 in 100 at the 1st stage to obtain a 17. sam- 
ple. Information on the number of housing 
units and /or other special dwelling places was 
obtained for each in -scope account by mail or 
telephone contact. After this data is obtained 
the 1% sample is selected systematically fol- 
lowing a random start. 

Data on the number of housing units asso- 
ciated with structures supplied electricity 
through demand meters (master- metering) was 
obtained through the cooperation of the var- 
ious utility companies, county planning boards 
or public housing authorities. Again, a 
systematic random sample was selected following 
a random start. 

Some towns within the Cordon Area outside 
New York City were not covered for one reason or 
another by sampling the records of the various 
utility companies. These enclaves were sampled 
by means of a block field listing procedure 
analogous to the area probability design in 
New York City. Estimates of the number of 
housing units in existence by block were 
:available to us through previous work of the 
Tri -State Land Use Inventory. With this data 
as a frame, a 1% random sample was selected 
systematically in five independent replica- 
tions of 0.2% each. All unduplicated blocks 
in which the sample hits fell were then again 
field listed in detail with great care taken to 
physically identify each individual housing unit. 

Each sample hit was then uniquely associated 
with its appropriate physically defined housing 
unit. Additional sample units or a reduced nu 
mber was a function of the accuracy of the 
original block estimates of the number of 
housing units. The replication feature of 
the survey design reduced the field listing 
work as well as providing a simple procedure 
for calculating sampling errors of the 
estimated to be produced. 



Military Sample 

All branches of the Armed Services (Army, 

Navy, Marines, Coast Guard and Air Force) were 
contacted and asked to provide data on the num- 
ber of family housing units and barracks living 
quarters (rooms, cots, beds, etc.) available 
for officers and enlisted men within each base 
in the Tri -State Cordon Area. A systematic 
random sample of of these living places 
were selected and assigned for interviewing. 

Additional sample units were interviewed when 
original estimates were found to be low in re- 
lation to actual numbers of living places. 
Conversely, a reduction in the original assign- 

ment occurred when estimates from the military 
overstated the true number. 

2. Truck -Taxi Survey 

The sample frames used for selection of 
the three percent probability sample of trucks 

and taxis were the records of the Motor Vehicle 
Departments in New York, New Jersey and Conn- 
ecticut. The records are kept in a different 
manner by each of the three states ranging from 
micro -film on cards to IBM punch cards to 1401 

computer tape files. The sampling plans were 
tailored to fit each of these three record forms 
without sacrificing the requirements for the 
proper selection of a probability sample. The 
basic design incorporated the selection of three 
independent subsamples of one percent each with 
varying degrees of natural geographic stratifi- 
cation. Replication of the sample in the form 
of independent subsamples has many statistical 
advantages the primary one being the ease of 
calculating the standard errors of the survey. 

Each subsample was selected from a random start 
followed by systematic selection of every one- 
hundreth license plate thereafter. This pro- 
cedure was accomplished in New York and Conn- 
ecticut with selection taking place in a ser- 
pentine fashion through each District office or 
tax town thereby providing initial natural geo- 
graphic stratification. In New Jersey, an ini- 

tial ten percent sample was selected by asso- 
ciating a random number with the last digit of 
the in -scope truck or taxi registration. After 
geographic stratification of this initial sam- 
ple by county was effected, three independent 
subsamples of one percent each was selected by 
a systematic random sample of 30% of the ini- 
tial sample. 

A separate selection of three one per- 
cent samples of in -scope Post Office Depart- 
ment and Military Base vehicles was effected 
manually after lists of appropriate license 
plate numbers were received. Stratification 
by municipality and base respectively was 
accomplished before selection. 

243 

E. Audits Applied to the Data 

Immediately after selection of the home in- 

terview sample, various checks were applied to 

the sample to insure its reasonableness when 

compared to published sources. Outside New 

York City, for each municipality, town or other 

political subdivision within the defined Cordon 

Area, building permit data was obtained from 

appropriate state agencies covering the time 

period from the 1960 Census up to as close to 

the survey periods as was available. Building 

permit data includes information on the num- 

ber of housing units that are expected to be 

built in the political subdivision. While, in 

some cases, the housing unit may not in fact be 

built by the contractor, this is rare. Usually 

a unit is built within three to six months af- 

ter a building permit is taken out by the con- 

tractor. All building permit data was avail- 

able up to at least the end of December 1962. 

This is six months before the beginning of the 

field survey period for the Home Interview Sur- 

vey. Building permit data added to the 1960 

Census of housing figures for each political 

subdivision gave us reasonable estimates of the 

number of housing units in existence as of the 

beginning of the survey period. The one per- 

cent sample after expansion by the inverse of 

the sampling fraction was compared to these 

independent estimates. Any large discrepancies 

were checked in detail to account for the dif- 

ference. 

In New York City, a different type of audit 

was conducted after the completion of the sample 

survey. The primary sample unit in New York 

City was a uniquely defined cluster of about 

eight housing units. To check the accuracy of 

interviewers in carrying out instructions to 

interview all units within their assigned clus- 

ter, an independent assessment of the number of 

units within a sample of clusters was made. A 

simple random sample of clusters was selected 

after stratification by health districts and 

week of work assignment. The reason for health 

district stratification was the apriori knowl- 

edge of varying difficulty in carrying out as 
signments in the different parts of the city. 

Week of assignment was considered an important 

mode of stratification since, apriori, it was 

felt that quality interviewing takes some time 

to achieve. Hence, after these two modes of 

stratification, a simple random sample of clus- 

ters was taken; one of 20% for the first four 

weeks of assignment and 10% for the remaining 

weeks. The results of the audit indicated an 

overall understatement of about 1% of the hous- 

ing units that should have been interviewed 

but were missed. This varied considerably by 

geographic area in the city ranging from a 0% 

to 4% understatement. 
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III SURVEY RESULTS 

The objectives of the survey consists 
of making many estimates of trip production 
for various geographic couplets by mode of 
travel and purpose of trip. This data is re- 
lated to the use of the land at the couplet as 
well as car ownership rates and income category 
at households generating trips. Estimates are 
projected for an average weekday throughout 
the survey period although analysis of peak 
and non -peak hour periods will also be as- 
certained. 

A. Sample Estimates 

Any simple estimate from the survey 
such as some aggregate of a characteristic may 
be estimated simply in the form X" Kx where 
K is the inverse of the sampling rate and x 
is the weighted count (including adjustment 
for non- response) in the sample with the 
specified characteristic. An analogous esti- 
mate for a ratio would be of the form X1 = 
= p where p is some proportion made up of 
two characteristics x and y. In the usual 
case, x may represent the number of trips made 
by y household or p is a statistic of trips 
per household. 

B. Sampling Errors 

Two types of error arise in sample sur- 
veys: sampling errors and non -sampling errors. 
Non -sampling errors come primarily from errors 
of response in collecting data, errors con- 
tributed during the processing of the results 
and any bias in the sample due to non -response. 
Errors of response were kept to a minimum by 
careful training of interviewers who were su- 
pervised by people experienced in home inter- 
view techniques or familiar with the trucking 
industry. Processing errors were kept within 
bounds through the use of quality control meth- 
ods. The possibility of bias due to non - 
response of a small proportion of the sample 
assignments remains. The method for dealing 
with non -response is discussed in the next 
section under non -sampling errors. 

Sampling errors of the survey estimates 
arise from the fact that the characteristics 
as mirrored by the sample do not exactly 
coincide with the characteristics that would 
emerge from an equal complete coverage of the 
entire frame. 

For computing the sampling errors in New 
York City we use a model in which the entire 
selection for the Health District within a 
borough consists of two random and independent 
halves. Actually, by this method of collapsed 
strata2 we create the two computing units. 
Since this disregards further stratification 
actually accomplished, this results in slight 
over -estimation of the variance. 

The two halves for the jth Health District 
may be represented as follows in estimating 
the proportion for some characteristic: 

For the entire city of 30 Health Districts 
the simmilar estimator is the ratio of the sums 

of the Health Districts. 
3 

i 

The "relvariance" (the square of the coeff- 
icient of variation) of p can be estimated by: 

C 

Thus from t sum of 30 Health District 
contrasts for the City's estimates the rel- 

variance can be computed with 30 degrees of 
freedom equal to the number of Health Districts 
within N. Y. C. These computations are made 
for a large number of characteristics which are 
then plotted and average values, subject to 
smaller variations, are used for estimating 
standard errors. 

The relvariance for a simple estimate (X" 
= Kx) is just C defined above. 

2. Nathan Keyfitz, "Estimates of Sampling 
Variance Where Two Units are Selected 
from Each Stratum ", Journal of the AM- 
rican Statistical Association, 52, 
(1957), Pp. 503 - 510. 



Outside New York City the method of ran- 
dom group estimation of variance will be used 
The entire sample is divided into t random 
groups of K units each. An estimation of the 
variance 3may be expressed as 

K K -1) 
where the value of the characteristic in 
the gth group 

the mean per group of the t group totals 

For both estimates inside or outside 
New York, sampling errors of various size cells 
for a representative group of important char- 
acteristics can be plotted on a graph. Sam- 
pling errors for other estimates not plotted 
can be read off the graph. 

The design of the Truck -Taxi Survey as 
a replicative sample in three subsamples pro- 
vides a simple procedure for producing esti- 
mates and calculating sampling errors. 

Simple inflation estimates are of the 
form)( _ in which K is the inverse of 
the sampling fraction and is the value of the 
characteristic for the three subsamples added 
together. Ratio estimates of the form 

wherex is the value of some characteristic in 
the sample andy is the value of some other 
characteristic 'in the sample, both for the 
three subsamples combined. 

The variance of the two types of 
estimates may be expressed as follows: 

y Z , 

3. 
M. H. Hansen, W. N. Hurwitz, and 
W. G. Madow, "Sample Survey Methods 
and Theory," Volume I, Pp. 440 - 444. 

245 

where 3 the number of independent sub - 

samples 

sample inflation factor 

value of characteristicX in the jth 
subsample and ith stratum 

value of characteristic in the jth 

dsubsample and ith stratum 

mean value for characteristic 
4. in the ith stratum 

mean value for characteristic 
in the ith stratum 

C. Non -Sampling Errors 

There is no consistent or unbiased way 
of adjusting for non -response in surveys of a 
human population. The magnitude of the biases 
resulting from any subjective procedure is not 
known. Hence, great efforts were taken to 

achieve small non -response rates within the 
limits of the budget. The effort resulted in 

a non -response rate of about 10% for the Home 
Interview Survey and less than that proportion 
for the Truck -Taxi Survey. These rates are 
computed on the base of in -scope housing units 
or licensed trucks and taxis for which trips 
are possible. 

Criteria for representing Home Interview 
non -responding sample units by factoring com- 

pleted samples include: 

(1) Geographic area on a Census Tract grouping 
level in New York City and a Municipality 
grouping outside of New York City. 

(2) Composite of structure types and housing 
density grouping. 

The strata so defined are felt to be 

appropriate with respect to Lhe characacter- 
istics being measured by the survey. 

The similar criteria for the Truck -Taxi 

Survey sample include: 

(1) Geographic area on a county group level 
for the truck or taxi base of operations. 

(2) Body type (truck) or vehicle type (taxi). 

Each of the three independent sub - 

samples are to be treated separately through- 

out. 
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For each of the strata defined above, 

the ratio Interviewed Households (Trucks, 

Taxis) Plus Non -Interviewed Households (Trucks, 

Taxis) Interviewed Households (Trucks, Taxis) 

is computed. 

These ratios are applied to all data for 
interviewed households in the corresponding 
strata, except in groups where the ratio ex- 
ceeds 2. In such cases, the process of com- 
bining strata is continued until the ratio be- 

comes 2 or less. 
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