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Chapter I: INTRODUCTION AND SUMMARY

wry the National IndustrieL ,Ionferenco -oard published the

firldin.;s if -.. thee-year project on the feasibility of collecting job vacancy

statistics.x That study explored the problems of p:tparing an operational

definition of a. job vacancy and investigated the cast a.na procedures of

sample survey methods, including sample designs and deco collection tech-

niques. The present study has two purposes: to analyze the reliability of

vacancy estimates, and to plan efficient sample desins for job vacancy

surveys.

Job vacancy statistics have important potential uses as guide:: to

policy both nationally and in local areas. The latter category includes

several different possibilities. For example, it is important to know

1,;hether or not a given local area is experiencing a shortage or n surplus

of labor and to know how the situation is changing; that is, whether the

local labor market is "tightening" or "loosening." Another use is to aid

and identify those occupations and industries that are growing and those

that are declining, so that persons concerned. with job training at all

levels will be Letter informed and thus be eble to make better decisions

than would be likely in the absence of such information. Also, the matching

of persons and jobs would be greatly aided by an increase in information

made available to both job seekers and employers in the form of numbers of

vacancies by occupation and skill requirements. For all these uses, ade-

quate, reliable statistics for each important labor market area in the

nation are necessary.

Two aspects of reliability are relevant. The first is the

reliability of estimates of job vacancies at a point in time (usually the

i.leasuring Job Vacancies, Studies in Business Economics No. 97, The
Conference Board, 19(7.

9
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survey date), both in total and for specific categories. The second is the

reliability of estimated changes in job vacancies between surveys, again

both in total and for selected breakdowns. A major objective of this paper

is to set forth approaches to the measurement of reliability for both esti-

mates of vacancies at a point in time and of changes betwe.m surveys. The

measurement of variability was examined in The Conference Board report re-

ferred to above,* although the treatment of the variability of totals was

incomplete. It did not touch at all the variability of changes. The reli-

ability of the job vacancy rate (100 V/E+V), which is a relative measure of

job vacancies, as well Ls changes in the rate, is also analyzed here.

An important aspect of the feasibility of job vacancy surveys is the

problem of obtaining information that is sufficiently reliable, for the uses

cited above, at reasonable cost. This may be solved by preparing estimates

of sample size and combining them with estimates of cost per respondent to

obtain estimates of total survey costs.

The second principal objective of the present study is to explore

techniques for designing efficient samples for selected areas, taking into

account the prevailing job vacancy rate, the variability of job vacancies,

and the costs per employer.** The variability measures and costs vary among

different groups of employers. Some employer groups (with specified employ-

ment sizes and of given industries) can be identified in advance of the

survey and therefore adequately enter into an efficient sample design. In

this connection, the adequacy of the sample denotes that the information on

numbers of vacancies and on changes in these numbers between surveys is

sufficiently reliable for economic analysis.

* Ibid., Chapter 8.

*Y The terms "erployer," "firm," "enterprise," and 'establishment" are
used interchangeably in this report.

in
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Criteria for Sample Adequacy

It is difficult to choose criteria, for sample adequacy in advance.

Extensive experience with job vacancy statistics for policy- and decision-

making in official and pri/ate use and for analysis of the value of the data

as a measure of labor market activity will help to determine more precise

criteria.

Some criterion must be adopted in advance, however, so that the

sample size and the associated level of accuracy can be chosen. It is

clearly best to state the proposed criterion explicitly, however scant the

information available for choosing it. 'this permits discussion and evalua-

tion of the criterion in advance of expensive data collection and may thus

lead to clarification of the purposes of the survey, a, refining of concepts,

and in general better, more valuable data.

Gne procedure worthy of consideration is to detemine a confidence

interval for estimates of total number of job vacancies in the local area,

specifying the probability of success and the width of the interval as a

percentage of the estimated total. An example, to make the concept less

abstract, may be taken from the original design of The Conference Board

sample in Monroe County, New York (the Rochester area). The sample was

designed to provide an interval estimate of the total number of job vacancies

within 10% of the estimated total, with a probability of 0.95; this corre-

sponds to a coefficient of variation of 0.05. The criterion was not satis-

fied in the 1965 surveys, however {see Chapter III of this report; }. For

the purposes of studying individual industries and occupations, adlitional

criteria. of this type may be necessary, where the accuracy of subtotals of

job vacancies is specified in advance.

A similar, yet statisticaliy distinct, criterion is associated

with estimation of the proportion of jobs that are vacant at a point in

11



time. This may be referred to as the job vacancy rate and defined as the

ratio of total job vacancies to the sum of total vacancies and total employ-

ment, or V/E+1.7. This ratio is a counterpart to the unemployment rate and is

therefore more conveniently stated in percentage terms, or 100V/E+V. Reason-

able criteria for accuracy of an estimate of the job vacancy rate might be

constructed that are analogous to those for accuracy of an estimate of total

job vacancies. Thus, we might seek to obtain, with a certain predetermined

probability of success, an estimate of the job vacancy rate for an area that

is within a. specified per cent of the current total. For example, we might

wish to obtain an estimate of the job vacancy rate that Lc within 10% of the

actual job vacancy rate, with a probability of 0.95.

A different type of criterion is associated with the accuracy of

changes in job vacancies. Eere we must distinguish between changes in

absolute number and changes in the job vacancy rate, for these may differ

considerably according to variations in employment. Changes in the job

vacancy rate indicate whether the local labor market is becoming more or

less "tight," and is thus an important indicator o, economic conditions in

en area. Changes in the (absolute) number of job vacancies, on the other

hand, are important for many decisions about training and placement.

For both types, we use criteria based on a change in the relative

number of job vacancies; the criteria differ according to the base. The

size of the labor market should be introduced as a base in measuring the

importance of changes. Obviously a change of 500 vacancies has a different

significance in a labor market such as New York City, with a labor force of

more than 5.14 million (within New York State), than it has in Binghamton,

a labor force of 119,000. The criterion needed for chaLges in the job

vacancy rate is based on the magnitude of a change that might be considered

economically important. That is, the sample should be able, with a certain

12
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probability of success, to detect a change in labor market conditions that

is significant in ecalomic terms.x We believe that the detection of a

change of 0.5 percentage points the job vacancy rate in a local area

would be an adequate requirement, with a probability of 0.95. A more

stringent requirement would be to detect a change of 0.2 percentage points,

with the same probability.

A large change in the total number of job vacancies may occur with

no appreciable change in the job vacancy rate. This can happen if both total

vacancie$ and total employment rise (or fall) in similar proportions. To

establish the magnitude of absolute clr_-.1iges in vacancies which are considered

economically significant, two possible levels of change are examined: 0.5

and 0.2% of the sam of employment and vacancies. The size of a significant

change must be related to a fixed base, which must be estimated at the time

the survey is being planned. This base is an estimate of the average number

of jobs (employment plus vacancies) which the area surveyed will have during

the survey period. The tabulation below shows the magnitude of the changes

in total job vacancies, corresponding to the estimated size of the labor

market area during the survey period and to specified per cent changes.

Number of Job Vacancies Corresponding to
Specified Per Cent Changes

7stimated Size of Number of Vacancies Corresponding to
Ldbor Area

(E+V) 0.5 Per Cent Change 0.2 Per Cent Change

100,000 500 200
200,000 1,000 400
500,000 2,500 1,000

1,000,000 5,000 2,000

x This criterion was suggested by Joseph Waksberg of the U. S. Bureau of
the Census.

13
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It should be made clear that the criteria selected indicate whether

an economically significant change has taken place at all, and do not serve

to determine the magnitude of the change. Thus if the 0.5% criterion were

adopted, and if the number of job vacancies increased by 2,000 in a labor

area with 500,000 jobs, we would not be able to state, with a coniidence

level of 0.95, that there nad been a change in the total number of vacancies;

a change of at least 2,500 vacancies would be necessary to justify such a.

statement.

SummarLof Report

The incidence of job vacancies varies widely among employers. To

the extent that employers can be divided into groups, or strata, that are

relatively homogeneous with respect to the incidence of job vacancies, a

giver degree of accuracy can be obtained with a correspondingly smaller

sample (and at lower cost). The goal, therefore, is to determine those

characterisics that are associated with the variability of job vacancies,

to stratify the population according to those characteristics, and to select

a sample separately within each stratum. If this is done successfully, the

sample will be, with respect to the variability of job vacancies, relatively

homogeneous within each stratum and relatively heterogeneous among strata.

Of course, practical stratification requires that the character-

istics distinguishing the strata be identifiable in advance. That iF, the

Lists from which the sample is drawn must contain information on the charac-

teristics used for stratification. On the sanpling lists, the characteristics

available for employers, which are closely related to vacancies, are employ-

ment size and industry. Thus the original Conference Board sample for

Ro,hester was stratified by employment size and industry. That sample pro-

vided data on job vacancies by employment size and by industry, for three

dates in 1965: mid-February, mid-May, and mid-August, as well as on changes

14



between these dates. A detailed description of ',he sample design used for

the barn surveys of Monroe County is included in Chapter FT.

Computation formulas have been developed for measures of the

variability cif job vacancies, including numbers of job vacancies and the

job vacancy rate at a point in time, and changes in these numbers and rates

(Chapter III). Application of the formulas to the 1965 data provides sets

of estimates of variability that should have some general applications. The

degree of variability differs among the three surveys; the largest valve is

used here in an effort to avoid understatement of the extent of variation.

The standard error of the job vacancy total in the Rochester area. was 553

in the February survey, while the total proper was 7,947. This corresponds

to a coefficient of variation of 0.07, and indicates that the criginal goal

of estimating vacancies within 10% of the total value with a probability of

0.95 was not met. The indicated range for 0.95 probability is 14%. A

simliar result (coefficient of variation of 0.07) was found. for the estimate

of the job vacancy rate in February.

Also of interest are the estimates fo: industry groups and employ-

ment size classes. Variability, measured by the size of the standard error,

was high for the following industry groups: construction; durable manufac-

turing; public utilities and transportation; and trade (retail and wholesale).

Among employer size groups, variability' was greatest for the smaller employers,

these with employment of fewer than 10 workers, whether measured by size of

the standard error or by the coefficient of variation.

In the Rochester sample, all employers with 250 or more employees

were included) so that there is no sampling variability associated with t-he

job vacancies of these employers. To the extent that vacancies in an indus-

try or size group represent those of the larger employers, neither the

standard error nor the coefficient of variation reflects the extent of
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variability. The comment about one significance of the measures cited is

not intended to imply that the standard error is without value. On the

contrary, the standard error indicates the precision of the results of a

survey and is therefore essential to an evaluation of these results. The

standard error does not, however, furnish the best guide to sample design;

other measures are needed for that purpose.

The criterion suggested above for adequate sample accuracy for

estimates of change is that a change of at least 0.5 percentage points in

the job vacancy rate is detectable . :ith probability of 0.95. The standard

error of a change in the job vacancy rate should thus be less than 0.25

percentage points. The staniard error computed from the Rochester data for

the February to May change was 0.22, while for the May to August change it

was 0.16. Thus the sample is of adequate size according to the 0.5 percent-

age point rale. The actual changes in the job vacancy rate were 0.06 points

from February to May and 0.22 points from May to August, 1965.

The estimated total number of jobs (E+V) in the Rochester area wa,

about 263,000 in February 1965 and 278,000 in May 1965. Menges of 0.5

points from February would consequently be about 1,306 vacancies, and from

May about 1,390 vacancies, while changes of 0.2 points would be 526 and

556, respectively. The standard errors of the change in the total number

of job vacancies were 577 for the February to May period and 449 for the

May to August period. Two standard errors, corresponding approximately to

0.95 probability, are thus 1,154 and 898, respectively, for the two inter-

vals. The Rochester sample again appears to be of adequate size for the

0.5 point rule.

The second principal objective of this study is to develop guides

for sImple selection at minimal cost, or optimal sample selection (Chapter

IV). Here we set as one goal the selection of a sample that is of adequate

16
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precision to permit an estimate of tha total number of job vacancies with

coefficient of variation of 0.025, 0.05, and 0.19. These values correspond

to 95/ confidence intervals for total vacancies, V', in which two standard

errors are 50, 10%, and 20% of V'.

The scond goal is the selection of a sample that will detect,

with a probability of 0.95, changes in job vacancies that represent a certain

predetermined per emit of all jobs in the area before the cnange. The change

we examine is 0.5 percentage points.

The relevant measure of variability of job vacancies for sample

selection is the element standard error of each stratum. This is the

familiar estimate of the standard deviation: in this case, the standard

deviation of the job vacancies reported by the employers in a stratum.*

The variability measure is combined with an appropriate cost figure to

compute the optimal sample allocation among the strata- The strata, are

chosen on the basis of the average number md variability of vacancies, as

well as the cost per employer.

Examination of the cost figures, the element standard errors, and

the mean number of vacancies, computed for ious industry end employment

size classifications, led to the selection of 1/4 strata, 7 size groups

cross-classified by 2 industry groups. The largest size group, 2,500 or

more employees, may not be appropriate for labor market areas of substan-

tially larger or smaller size than the one studied. In a larger area, the

lower bound of the largest size group would probably be greater than 2,500,

while for a smaller area, the lower bound would probably be smaller than

2,500. This can be determine by exam.,ning the distribution of employers

by employment size for a specific area.

* This measure is multiplied by a raising factor based on the sampling
fraction to obtain the standard. error, used to evaluate the accuracy of
an estimated total. See formula (2) in Chapter III.

")
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The conclusions listed below are drawn from an examination of

optimal sample designs computed according to the objectives stated above.

They depend, to some extent, on the nature of the area studied. However,

we believe that they have a large degree of applicability to areas with

other industrial structures and labor merket situations.

1. Stratification by size of firm and by industry improves sampling
efficiency for vacancy surveys.

2. Survey costs vary significantly by size of employer in surreys
seeking detailed description of each class of job vacancy. This
consideration should be taken into account to obtain an efficient
sample design.

3. The criteria chosen for mear.,ring changes in job vacancies may be
met with smaller and therefore less costly samples than the
criteria for measuring tither total vacancies or the job vacancy
rate (see Chapter IV).

4. It thus appears that the detection of changes in job vacancies is
more easily and less expensively achieved than the estimation of
total numbers of vacancies, if the criteria stated ere reasonable
(see Chapter IV).

While the sample design for job vacancy surveys of a given area

must take into account the characteristics of the establishments included

and the prevailing job vacancy rate, it also must provide for '.he ultimate

breakdown and the degree of reliability desired for the estimates (Chapter

V). Optimal strata. boundaries are functions of both the j.ze distribution

of emplcy?rs and the number of employees in the largest firms. The optimal

sample size for an area must be increased as the job vacancy rate diminishes.

For example, in a design like the one for Rochester, where the vacancy rate

was approximately 3.0, a sample size of 574 employers gives estimates of

vacancies with a coefficient of variation of 0.05. However, if the vacancy

rate were 1.5, a sample of 1,500 would be necessary to cbtain the same level

of reliability for the estimated number of vacancies. On the other hand,

less stringent requirements of reliaMlity in estimating vacancies permit

reduced sample sizes. Thus, in 801 area like Rochester a sample of 216



employers would be sufficient to estimate vacancies with a coefficient of

variation of 0.10, while one of 574 would be necessary for estimates of

vacancies with a coefficent of variation of 0.05.

The methods for estimating optimal boundaries for strata, and

sample sizes presented in Chapter V have generalized the detailed results

of Chapter IV. These methods can be applied in general to areas with

characteristics differing from those found in Rochester. The specific

factors which determine the optimal sample design for an area are:

1. the number of establishments (sampling units),

2. the distribution of establishments into strata according to
number of employees and industry,

3. the differences among strata in vacancy variability and in
survey cost per firm, and

4. the job vacancy rate.

19



Chapter II: STRATIFICATION AND DATA SOURCES

In this chapter, we develop a theoretical description of strati-

fication, a feature of sample design used to classify firms and thereby

improve the accuracy of statistical estimates. Although we are interested

in measuring unfilled jobs, the sampling unit by necessity is the firm. $

The accuracy of estimates of job vacancies is improved if firms are classi-

fied by relevant characteristics, such as employment size or type of

industry, and the sample is selected within homogeneous strata.

A) Stratification in a Job Vacancy Survey

Job vacancies occur within enterprises, government, nonprofit

organizations, and households. Although private households may employ

people on a part-time or full-time basis, they typically have not been

included in sample surveys on job vacancies for local labor areas. To

include a reliable sample of households would add disproportionately to

survey costs. This follows from the low incidence of households engaging
ss

employees. Thus the sampling unit is the firm, including nonprofit

organizations and government. At a point in time, firms have a given

number cf jobs available, some of which may be filled and some vacant.

Estioates of unfilled jobs are derived from the data collected from the

firms in the sample.

Certain features of sample design can reduce the cost of obtain-

ing a desired degree of precision in the estimates. Specifically, the

grouping of members of the population by characteristics closely related

to (a) average size of the object of measuremeut, (b) variability of the

* Although the sampling unit generally corresponds to the Census Bureau's
definition of "establishment," multiple units having a central hiring
office have been regarded as one sampling unit.

For a national survey of job vacancies in households see Samuel Saben,
"Regultir Jobs for Household Help," Monthly Labor Revic , October 1965,
Vol. 88, No. 10, pp. 1,228. 1,229.
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object of measurement, and (c) cost per unit sampled, followed by the selec-

tion of random samples within each group, will help to produce good estimates

at low cost. The classification of the population into groups, within which

random samples are selected, is referred to as stratification. This method

ensures the proper representation in the sample cf each stratum and, there-

fore, reduces the variance. The variance of the stratified sample is then

composed only of the variation within the strata, for the variance among

strata is eliminated. To obtain the greatest gains from stratifiletion,

the analyst tries to maximize the differences among strata and to minimize

the differences within strata, vith respect to both variability and cost.

In a survey designed to measure job vacancies, the average size and the

variability of vacancies are measured by the arithmetic mean and the stand-

ard deviation of the vacancy variable, while the cost is that of the sam-

pling unit (the firm). Since units in the population must be identificK1

by the stratifying characteristics, factors to be used for stratification

are limited to those available in the sampling frame. On occazdon this

constraint frustrates the atte*npt to choose the most relevant characteris-

tics for stratification purposes.

The most comprehensive list of employers in a given labor area

is the roster of employers covered by the state unemployment insurance law.

This list has been the starting point for the NICB survey and for surveys

sponsored by the Bureau of Employment Security. Thus, the NICB in its

survey used the list of firms covered by the New York State Unemployment

Insurance Law. This source includes a registration number, s code identi-

fying geographic areas, size of employment each month, industry of firm,

and certain data on payrolls. The geographic area code yes used to select

the sample of firms in Mbnroe County. Firms were ordered by registration
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number which relates to the dFte on which the firm joined the New York State

unemployment insurance system.

Employment size and type of industry of firms are the two strati-

fying characteristics considered most relevant to a survey on job vacancies.

Since these two classification variables are not closely related to each

other, it was considered advisable to include both in the sample design.

Larger firms were expected to have a larger variance in the

number of job vacancies than smaller firms. That is, a greater homogeneity

is expected in the strata corresponding to smaller firms. Since for opti-

mal stratification the sampling fraction should be proportional to the

standard deviation and inversely proportional to the square root of the

cost per unit in the stratum, one would use a larger sampling fraction for

the strata including larger firms.* Accordingly, the sampling fraction

used in the selection of the sample was varied by size of rim. The esti-

mates of the variability of job vacancies by size of firms are given in

Chapter III.

The averagc number and the variability of vacancies also differ

markedly among industry groups. Industries that have high growth rates,

or wide seasonal or cyclical variations, often have high vacancy rates.

The construction industry, for example, has both high numbers of vacancies

and high variability of vacancies relative to firms of the same size in

other industries, during the period of seasonal upswing. Thus stratifica-

tion by industry will also increase sample efficiency, as indicated by the

estimates of variability gimn in Chapter III.

The number of strata used depends upon the accuracy of the infor-

mation available on cost, average. size, and variability, as yell as upon

the number of categories for which estimates are desired.

* W. O. Cochran, Sampling Techniques, Second Edition, John Wiley & Sono,
Inc., 1963, pp. 95-0:
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A design with stratification by size, and substratification by

industry, for three sizes, each having two industry substrata, would be as

follows:

Employment
Size 1

IEMployment
Size 2

dustry dustry 1

Employment'
Size 3

A larger number of strata may increase the efficiency of the design. How-

ever, this may lead to difficulties when this proceure is carried to the

extreme of including only one unit per stratum, since the variance of these

strata cannot be estimated. The designs using stratification by employment

size and substratification by industry are subsequently amplified and analyzed

in Chapter IV, here an attempt to obtain an optimal sample design for Rochester

is carried out, and in Chapter V, where a generalized method is developed.

B) Selection of the NICB Sample*

The design actually used in the 1965 surveys of Monroe County

stratified firms by employment size (nine size strata were used). Within

each employment size stratum, firms were ordered by industry (using 4-digit

Standard Industrial Classification (S.I.C.) code), and a systematic sample

was chosen from each size stratum. This design is a sample stratified by

size and by industry.

The main part of the sample was selected from the list of

employers paying New York State unemployment insurance payroll tax during

the second quarter of 1964. However, this list did not include nonprofit

institutions, government agencies, or independent professionals not covered

by the New York State unemployment insurance system. Thus supplementary

* Based on Measuring Job Vacancies.
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lists had to be developed. Another difficulty was the lack of reliable in-

formation on the variability of job vacancies for different sizes of firms.

Nevertheless, on attempt was made to obtain an optimal sample. It was

assumed that job vacancies followed a Poisson distribution, that the survey

agency's collection cost per vacancy did not vary for the different sizes

of firus, and that the job vacancy rate was constant for all firms, except

for the smallest size group (i.e., firma with measure of size 1-3), where

it was higher.

The U.S. Census Bureau publication Cauntypjeiness Patterns:

First Quarter 1962 included a tabulation of the number of firms by eight

employment size groups in Monroe County. The following sampling fractions

were determined on the basis of these data, with adjustments for the

smallest size group:

Stratum Base Employment Size Sampline. Ratio

1 0 1:1W
2 1-3 1:142

5 4-7 1:52
4 8-19 1:28
5 20-49 1:12
6 50-99 1:6
7 100-249 1:5
8 250 and over 1:1

The New York State Division of Employment was requested to select

from their computer records a systematic sample for each of the above size

strata. The firms within each size stratum were ordered first by firm

registration code. It was assumed that this ordering would approximate a

random ordering of the list with respect to job vacancies in these firms.

Then firms were ordered by the 4-digit S.I.C. code, within the following

industry groups:
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Industry Group S.I.C. Code

1. Contract construction 15-17

2. Ordnance and durable manufacturing 19, 24, 25, 32-59

3. Nondurable manufacturing 20-23, 26-31

4. Public utilities and transportation 40-49

5. Wholesale trade 50

6. Retail trade 52-59

7. Finance, insurance, and real estate 60-67

8. Services (not including medical,
legal and educational) 70-79

The Division of Employment was instructed to use a larger sampling

ratio within each size group in order to provide additional firms which

could be used for pretesting as well as fo:' replacement of possible non-

respondents. In addition the Division was requested to provide a complete

listing of the firms in ,he following industries:

Industry Group S.I.C. Code

1.. Agricultural services, forestries,
fisheries

2. Mining

3. Selected services (medical, lesal,
educetional, nonprofit organiza-
tions, miscellaneous)

4. Vonclassifiable

01-09

Bo-C9

99

After reviewing the agricaltural and mining industries, which

included very few firms in Monroe County, the sampling ratios corresponding
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to the employment size of the firms were applied to select the sample. The

random number chosen did not select any firm in these categories.

For selected services (medical, legal, educational, nonprofit

organizations) the first step in selecting firms in this industry group

was to choose a systematic sample with the standard sampling fractions

from the listing described above. Since this sampling list was incomplete,

a supplementary sample of establishments not covered by the New York State

Unemployment Insurance Law was chosen for the following four groups:

1. Independent professionals.

The yellow page!, of the Rochester telephone directory* were scrutinized
and those included in the New York State Division of Employment list were
deleted. From the remaining list a systematic sample of 1:142 was selected.

2. Nonprofit organizations.

The yellow pa,.:s of the Rochester telephone directory* were reviewed and
institutions listed in the "covered" employers were eliminated. The follow-
ing lists were used to obtain a more complete coverage of the population:
nonprofit organizations listed by the Council of Social Agencies of Roches-
ter, a directory of hospitals in Monroe County published by the Journal of
the American Hospital Association, Roman Catholic parochial schools listed
by the Diocese of Rochester, and secondary schools and colleges as
provided by the Rochester office of the New York State Division of Employment.

The final list was divided into two parts: employers for which some
measure of employment size was available, and those for which employment
size was unichown. For the former, a systematic sample corresponding to the
established sampling ratios was used and for the latter, a sampling ratio
of 1:50.

3. Government - Federal, state, and local.

A list of agencies was compiled from various sources. As with the non-
profit group, this list was divided into two parts: those agencies with
known employment size and those with unknown employment size. The sampling
ratios corresponding to the employment size of firms wets used for the
establishments with knon employment size, and a systematic sample of 1 in
50 was used to select the sample for those with unknown employment size.

4. Public schoole.

From a publication of the New Yor State Education Department R listing
of the public schools in Mbnroe Ccunty was obtained. The list included a
measure of employment size. The regular sampling ratios were used to
select a systematic sample.

* The Rochester metropolitan telephone directory covers all of Monroe
County and some arees outside this county. If a unit selected wts
outside Monroe County, it was excluded froo CNe sample. 26
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After the February 1965 survey was carried out, a supplementary

sample was added to the original one. Eleven firms were reported "wt of

business" in February. They were identified under their respective major

industry groups and a systematic sample of 11 new firms which had started

operations after the second quarter of 1964 was selected. These firms

were selected to correspond to the industry of the firms "out of business,"

but since no employment information was available at that time, a sampling

ratio of 1:50 corresponding to the stratum of employers with unknown

employment size was used.

The sample included approximately Iwo employers in Monroe County.

These employers ..eported (in February, May, and August, 1965) the number of

employees in their respective firms ane described the jobs they were seek-

ing to fill, specifying their requirements as to occupation, experience,

education, and sex, as well as the desirable starting date. Estimates of

job vacancies, of job vacancy rates, and of changes in these quantities

were derived from these reports.

Summary

In the light of present information the sample design of a job

vacancy survey should include a stratification of the firms by employment

size and type or industry. The specification of the strata to be used for

designing the sample should be based upon data showing how job vacancies

vary according to the characteristics of the firms and should take into

account the size of the labor force area and the distribution of firms by

strata. The strata should group films homogeneous with regard to job

vacancies and maximize the differences between firms in separate strata.

The NICB surveys of Monroe County used nine employment size

strata and within each size stratum subclassified firms by type of industry.

The vacancy r:Ate in these suplementary firms was 12.5, al, compared with
3.2: for all employers (Measuring Job Vacancies, p. 143). Therefore, the
updating of samples is highly desirable for a vacancy survey. However,
delays in the registration of new firms sometimes make it difficult to
maintain an up-to-date sampling frame.
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The strata used in this survey may or may have prodaced the most accurate

results for this area. Even if the strata used for the sample design were

optimal for Monroe County, in order to apply the procedure to other areas,

the specific characteristics of the area must be taken into consideration.

Since the principal purpose is to make possible the designing of sample sur-

veys to collect Job vacancy statistics for differing labor force areas, the

general features of sample design must be evaluated. The different circum-

stances of each particular area for which a sample design is to be made

will determine the stratification necessary.

In order to be able to determine an adequate stratification, we

shall go on to analyze the variability of the sample estimates of Monroe

County as an example of the method employed.
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Chapter III: MEASURES OF VARIABILITY

When the variability of sample estimates by employment size and

by type of industry of firms is to be analyzed, it is advisable to discuss

the computation of the following estimates:

e) total number of job vacancies,

1..) job vacancy rates,

c) changes in total number of job vacancies between survey periods, and

d) changes in job vacancy rates between survey periods.

For each of these estimates, the standard error is used to evaluate the

var ability of the sample used in the NICB survey of Monroe County.

However, a simpler sample design will be used to e.:6imate the

variance of the sample estimates. That Is, the variance is computed for a

sample stratified by size of firm only, on the supposition that within each

size stratum a simple random sample of firms was selected. This procedure

simplifies computations, but leaves out of consideration the fact that firms

were classified by industry within each size stratus and that from each

stratum a systematic sample was selected. The approximtion of the variance

gives an estimate somewhat larger than the true variance of the design.

Therefore, if th calculated variance: is used to compute the reliability

of the sample estimates, the results will be on the conservative side.

Although nonsampling errors (both those increasing the sampling

variances and those creating biases) can significantly affect results, the

sample design used in the NICB vacancy surveys does not allow for such esti-

mation.* The measures of variability available from the NICB surveys permit

estimates of sampling variability only. To estimate nonsampling errors a

* A discussion of nonsampling errors in the NICB surveys is included in
Measuring Job VacJncies, Chapter 7.
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replicated sample must be used. However, the advantages of replicated

sample designs are sometimes offset by other factors. If only two repli-

cations are carried out, estimates of variance are quite poor; on the other

hand, for multiple replications, ,...ach replicate must comprise q large number

of units; this enlarges the total sample size and significantly increases

costs. The job vacancy surveys being r'arried out by the Dominion Bureau of

Statistics in Canada use a. replicated sample dekIgn. However, this is still

an incipient project to the extent that reports giving estimates of total

variability of vacancy estimates have not yet been published.

It should also be mentioned that if a large percentage of sample

firms do not respond, estimates based on the respondent firms may be biased,

since the characteristics of firms that do respond are not necessarily the

same as those of nonrespondent firms. In the 1965 NICB surveys the problem

of nonresponse was negligible, since 99% of the sample firms responded.

The tables that follow specify (a) the estimates, (b) the standard

error of these estimates, and (c) the cc3fficient of variation. The latter,

the ratio of the standard error to the quantity estimated, gives a measure

of the reliability of the estimates. For example, the coefficient of

variation of the total number of job vacancies in February 1965 is 0.07,

corresponding to a standard error of 553 job vacancies. This indicates

that if many random oamples of employers had been used in the February 1965

survey, the 95% confidence interval for total jJ) vacancies would include

the true population value in 95% of the samples. The 95% confidence interval

for total job vacancies in the NICB February 1965 survey is 7,947 plus or

minus 1,106, i.e., between 6,841 and 9,053 job vacancies. In this example

the analyst would infer that thr. sample was large enough to yield reliable

estimates of total number of job vacancies. The same logic applies %o the

reliability of the estimated chenge in job vacancies between survey dates or
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between job vacancy rates. The latter is defined as the ratio of job

vacancies to the total of employed plus job vacancies, i.e., the total

demand for labor, satisfied and unsatisfied.

Before designing a sample, an analyst must decide what magnitude

of changes in job vacancies has economic significance for his particular

purpose. For example, it might be significant to detect changes in vacan-

cies which represent 0.5% of total labor demand (employment plus vacancies)

in Monroe County. Half of one per cent of 276,000 is 1,380 job vacancies,

and a standard error of 690 would be sufficient to obtain 95% confidence

ir. detecting this change. The estimate of change between February and May

1965 may serve as an illustration - it is 829 vacancies, and the estimated

standard error is 557; in this case, the coefficient of variation is 0.7.

This means that the estimate of change is not reliable in terms of the

standard error, but, as noted at the outset, such a relatively small chahge

may be considered of little economic importance.

A) Actual Measures of Variability for Each Survey Period

1) Vacancies by industry

The employment size strata and sa,,pling fractions used to, the

selection of the sample are listed below. For most employers the employment

size corresponds to that in the records of the New York State unemployment

insurance system for June 30, 1964, hereafter referred to as the selection

date.

The employment size strata on the selection date are listed

below. Hereafter, the letter will refer to these strata (i = 1, 2, 3,

..., 9).
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Stratum (1) Base Employment Size Sampling Ratio

1 0 1:100
2 1-3 1:142

3 4-7 1:52
4 8-19 1:28

5 20-49 1:12

6 50-99 1:6

7 100-249 1.3

8 250 and over ..:1

9 unknown 1:50

Table 1 presents the estimated total number of job vacancies,

classified by industry for the three Lurveys (FebruEry, May, and August,

1965) and subsequently will be referred to as ourvey 1, 2, or 3. However, in

formulas the survey number will be identified by the letter r (r = 1, 2, 3).

The industry groups defined in terms of the Standard Industrial Classification

(S.I.C.) of the firms are listed below. The letter k will be used to identify

an industry group (k = 1, 2, 3, ..., 9)

Industry Group (k) S.I.C.

1. Durable manufacturing 19, 24-25, 32-39
2. Nondurable manufacturing 20-23, 26-31
3. Colstruction 15-17
4. Public utilities 40-49
5. Trade, retail and wholesale 50-59

6. Finance, insurance, and real estat,3 60-69
7. Services, excluding education 70-81, 83-89
8. Education 82

9. Government 91-94

Let

The letter i will refer to an individual firm.

kr
Vji V Vacancies on survey r of firm i in

ji size stratum 1 on the selection date, and in industry Y.

0 For firms not in industry k.
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a
N. : Number of firms in the population of size stratum on the

(.) selection date.

n?
d.

Number of firms in the sample of size stratum j on the selection date.

0
».

f. = -4 Sampling fraction in the original size stratum j.

At the time of the first survey some firms selected for iullusion in the sample

were out of business. Before the second survey a mipplementary sample was selected.

Employment size information was not available for these new firma, so they were placed

in size stratum 9. Teese firms will be denoted as vl.
l

. Certain firms which res-

ponded to the first survey, were oot of business or refused to answer oa the second

or third survey. These firma will be denoted as nj , where r = 2, 3. Therefore,

the total number of lirms in the sample in stratum j on the first survey is

0
arl on the second or third survey they are »...1 - rr , if j 4 q , and »1 -t

for j = 9. The corresponding estimates for tha population are Nr:
'

for the first

survey, and NO- W.., if j 4 9, ant for = 9 for the second and third
4 4 1 9 9

0
n
4

n
9

surveys.

Throughout Part A, formulas are written based on the first uurvey. The

estimate of tool vacancies for an industry k is:
0

ki ki
V

"1"-

(1)
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The standard error of the vacancies is the square root of the variance.

The variance of the vacancies in an industry group k is:

Var (vIti) (4 -
-

(2)

O

To adapt the above formula for Survey 2 or Survey 3, n. should be modified by

adding the supplementary sample (n9 ), and by subtracting the firms which did not

.

respond on these surveys kYt;); similarly N. should be moiified; and the vacancies

would refer to Survey 2 or Survey 3.

To estimate the total nuMber of vacancies the following comput t

be made:

where

r
V..:

2_

Number of vacancies on Survey r, of firm i in size stratum j
on the selection date.

The estimate of the variance of the total

Var (v1 )

.
(0,1)(1..

.;

V
1\1 ( 2t / )1

I
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Table 1. Total Number of job Vacancies, Standard Error, and
Coefficient of Variation, by Industry Grovp

Survey Period
and

Industry Group

Job

Vacancies
(1)

Standard

Error
of

Vacancies
(2)

February
Durable manufacturing 2,590 195.0
nondurable manufacturing 431 27.9
Construction 85o 347.o
Public utilities and transportation 408 284.0
Trade, retail and wholesale 1,004 233.0
Finance, insurance, and real estate 294 106.0
Services, excluding education 710 162.0
Education, public and private 1,320 82.4
Government 340 43.9

Total 7,947 553.o

May
Durable manufacturing 3,418 :89.0
;:ondurable manufacturing 804 140.0
Construction 836 270.0
Public utilities and transportation 257 101.0
Trade, retail and wholesale 1,296 241.0
Finance, insurance, a:id real estate 224 92.2
Services, excluding education b56 147.0
Education, public and private 723 64.4
Government 362 67.1

Total 8,776 469.0

August
Durable manufacturing 3,516 312.0
::ondurable manufacturing 1,057 149.0
Construction 816 334.0
RJ-lic utilities and transportation 181 83.6
Trarie, retail and wholesale 1,284 242.0
Finance, irsorance, and realestate 179 52.7
Services, excluding education 792 209.0
:-cation, public and private 386 35.5
(cvernr:.nt 357 59.6

Total 8,568 553.0

Coefficient
of Variation
of Vacancies
(1;1)

0.075
0.065
0.408
0.696
0.232
0.361
0.228
0.062
0.129
0.070

0.085
0.174
0.323
0.393
0.186
0.412
0.172
0.089
0.185
0.053

0.089
0.141
0.409
0.462
0.188
0.294
0.264
0.092
0.167
0.065

Source: Based on data from all units that responded to the NICE surveys.
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The results of applying these formulas to the Monroe Count,i, survey

data are summarized in Table 1. It is found that the constrmction industry has

the highest standard error in two of the three surveys. Its coefficient of varia-

tion is above 0.3 in all three surveys. The high variability of this industry is

probably a reflection of its seasonal nature owing to climate. Durable manufacturirg

and trade are industries with a large standard error also. This finding is relevant

to any attempt to design an optimal sample. To obtain the greatest gains possible,

firms in construction, trade, and durable industries are grouped in Chapter IV (deal-

ing with optimal sample design) to frm a special stratum having a higher standard

error.

2) Vacancies by size

To measure the variability of the estimates by employment sire of re-

spondents, the procedure is as indicated below. The letter m is used to identify

the present employment size of a firm On = 1, 2, 3, ..., 8). Firms are grouped into

the following employment sizes:

Firms Grouped by Employment Size (m) Number of Employees

1

2

3

4

5

6

7

8

The lettere (1, j, r) are Peed as defined previously.
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10-19

20-49

50-99

100-249
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2,500 and over
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The definition of the vacancy variable to be used for estimating the e:lar-

acteristics corresponding to employment size m is:

mr
V .

tl
V Vacancies of firm i in stratum .3, on the

selection date, aaa in employment size m
at survey r.

0 Firms not in group m at survey r.

The estimate of total number of vacancies in size group m on Survey 1 is:

tie 3.

The variance of this estimate is:

var (v '"*1. )
, 1

- It

'M

(5)

(6)

r's
To modify the tibc,lie formula for Surveys 2 or 3, the vacancies (V ) correspond

d'

r

to r = 2, 3; n: and N,?. are modified to include the firms added to the sample

before Survey 2, and to exclude the firms which did not respond on Surveys 2 or 3.

The standard error is largest for the smallest size group of 0 - 9 employ-

ees (Table 2). '.1he largest size groups of 1,000 - 2,499 employees, and of 2,500

and over have zero 6L.andard error, since all of these firms were included in the

sample. Firms hrIvine 250 to 999 employees on the selection date were also included

with certainty; hor.cver, the standard error for this size class is not zero, because
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Table 2. Total Number of Job Vacancies, Standard Error,
and Coefficient of Variation, by Employment Size

Survey Period
and

Employment Size

Job
Vacancies

(1)

Standard
Error
of

Vacancies
(2)

Coefficient
of Variation
of Vacancies

(3

February
0-9 1,126 415.0 0.369

10-19 420 122.0 0.290
20-49 722 185.0 0.256

50-99 672 290.o 0.432
100-249 627 157.0 0.250
250-999 1,273 17.1 0.013

1,000-2,499 591 0 0

2,500 and over 2,516 0 0

Total 7,947 553.0 0.070

:lay

784 246.0 0.3140-9
10-19 785' 198.0 0.252

20 -49 1,172 288.0 0.246

50-99 834 195.0 0.234
]00-249 701 1814.0 0.262

50-999 1,420 79.2 0.056
1, 00-2,499 643 0 0

2,500 and over 2,436 0 0

Total 8,776 469.0 0.053

August
890 349.0 0.3920-9

10-19 848 322.o 0.380

20 -49 884 246.0 0.278
50-99 707 137.0 0.194
100-249 853 167.0 0.196
250-999 1,016 37.1 0.037

1,000-2,499 824 0 0

2,500 and over 2,546 0 0

Total 8,568 553.0 0.065

Source: Based on data from all units that responded to the NICB
surveys.
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some firms which had less than 250 employees when the sample was selected, had more

than 250 employees when the survey data were collected.

3) Vacancy rate by industry

lok/The job vacancy rate is (
o

) (V: job vacancies;
V+

E: employment). Let k identify the industry group (k = 1, 2, 3, ..., 9). The var-

.1.able V
k

hae already been defined. Total labor demand may now be defined as:

(V. E
k It

1/4

(V +E., )4 Vacancies plus employment on survey r of
e firm i in stratum j on the selection date,

and in industry k.

0 For firms not in industry k.

The vacancy rate for industry k on Survey 1 is:

kt
ki

. , kt L ..1._ 7 V .

1)0

v

100 V -ioo_4,, 44 ,,. C1A.

'? [CI
vP E E)1"

ViA 4 E4,

To compute the variance of the vacancy rate, a first approximation formula is

used.* The variance of the vacancy rate of industry k on survey r la:

kijV,E

.1c,r1(v+E)"'i

le j \I kt )(V-4-E)Eial

{(v+01"3

kill

(7)

(8)

'*Leslie Kish, Survey Sampling, John Wiley % Sons, Inc., New York, 1965, p. 207,
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where Var (V") is COmputfd. by formula (2),

Var [0. E

and

Cov

1

6st.

1

44
)
k

j
n

. 1.,,.

k! It! i V\(.1 1-

kti
4.,., :]' 4 4x,r

i
Cr

1
,? 4

ti

r I ant - i (10)
Q

, (9)

To estimate the total vacancy rate on Survey 1, we use:

loo ( v
V4E

Var

?

0 0 V

;

(

c:
(u)

The variance of the total vacancy rate on Survey 1 is estimated by:

V]: loc, VCAni\V Vat- (v-E). CoeV,(V+E
V4 t kq4r. 0') ay. E v4[(PE )
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Table 3. Job Vacancy Rate, Standard Error, and
Coefficient of Variation, by Industry Group

Survey Period
and

Industry Group

Job

Vacancy
Rate
100V

Coefficient
Standard Variation
Error of Vacancy

Vacancy Rate
(2)

of
of

Rate
(2)4, 1)V+E

(1)

February
Durable manufacturing 2.62 0.172 0.066
Nondurable manufacturing 1.73 0.124 0.072

Construction 6.94 2.325 0.335
Public utilities and transportation 4.09 2.458 0.601
Trade, retail and wholesale 2.31 0.485 0.210
Finance, insurance, and real estate 2.91 0.804 0.276

Services, excluding education 2.46 0.547 0.222

Education, pane and private 6.09 0.182 0.030
Government 2.60 0.282 0.108

Total 3.02 0.198 0.66

Durable manufacturing 3.37 0.249 0.074
Nondurable manufacturing 2.99 0.468 0.157

Construction 4.94 1.426 0.289
Public utilities and transportation 2.58 0.852 0.330
Trade, retail and wholesale 2.85 0.458 0.161
Finance, insurance, and real estate 2.31 0.831 0.360

Services, excluding education 2.56 0.472 0.184

Education, public and private 3.46 0.176 0.051

Government 2.76 0.379 0.137

Total 3.16 0.167 0.053

August
Durable manufacturing 3.35 0.258 0.077
Nondurable manufacturing 3.75 0.492 0.131

Construction 4.72 1.822 0.386

Public utilities' and transportation 1.80 0.752 0.418

Trade, retail and wholesale 2.73 0.440 0.161
Finance, insurance, anu real estate 1.66 0.446 0.269

Services, excluding education 2.39 0.625 0.262

Education, public and private 1.82 0.103 0.057

Government 2.49 0.359 0.144

Total 2.98 0.187 0.063

Source: Based on data from all units that responded to the NICE surveys.
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where Var V
i

is computed using formula (4),
"__.j0

4 % [ Z 0 E.4.4
i. d ,1* r.(V )1.1

A'
Var (V4.0 = 2,P-i) -I :.11 e-

e 1,1.
. - 1

...)

( )

0

and
0

( V 4 )4)

V. V E )
4- (L ,, , 4' 4"

0

Cov I V ( V+ E )) e-
(14)

° Ak'
c1

The standard error of the vacancy rate (Table 3) is largest for the construction

industry in two of the three surveys, as it was for the estimate of total job vacancies.

The coefficient of variation is higher for firms in the construction, public utilities,

and trade industries than for firms in other industries. The coefficient of varia-

tion for the total job vacancy rate Naries between 0.05 and 0.07.

4) Vacancy rate by size

Table 4 gives the job vacancy rate and the estimated standard error

by employment size of firms. The estimation procedure is similar to the one

described in Table 3, except that firma are classified by the employment size

groups used in Table 2. That is, instead of classifying by industry groups (k

1, 2, 3, ... 9),employment sizes, designated by variable m (m = 1, 2, 3, ...,8),are

used to classify firms.

The coefficient of variation is largest for the smallest firms (0-9 employ-

ees), except for Survey 1 in which the firms with 50-99 employees had a larger

coefficient of variation. Firms with 1,000 employees or more again had zero

standard errors, because all firms in the population were included in the sample.
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Table 4. Job Vacancy Rate, Standard Error,
and Coefficient of Variation, by Employment Size

Job Vacancy
Rate Standard

Coefficient of
Variation of

Survey Period 100V Error of Vacancy Rate
and V+E Vacancy Rate (2):-Vi

Employment Size (2) (5)

February

---0-)

3.66 1.266 0.3460-9
10-19 2.01 0.699 0.249
20 -49 3.56 0.806 0.226
50 -99 4.13 1.524 0.369

100-249 2 19 0.544 0.195
250-999 .;=14 0.045 0.016

1,000-2,499 2.JC 0 0

2,500 and over 2.n) 0 0

Total 3.u2 0.198 0.066

May
2.43 0.743 0.3060-9

10.19 4.47 0.993 0.222

20-49 5.64 1.032 0.183

50 -99 3.89 1.104 0.284
100-249 2.53 0.580 0.229
250 -999 3.01 0.101 0.034

1,000-2,499 2.5 0 0

2,500 and over 2.86 0 0

Total 3.16 0.167 0.053

August
0-9 2.72 1.028 0 78

10-19 4.80 1.712 0.67
20 -49 4.00 0.911 0.228

50-99 3.38 0.777 0.230
l00 -249 3.03 0.493 0.163

250-999 2.20 0.051 0.023

1,000 2,499 3.01 0 0

2,500 and over 2.76 0 0

Total 2.98 0.187 0.063

Source: 13ased on data from all units that responded to the NICB surveys.
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B) Measures of VariabilitLfor Changes Between Survey Periods

Tables 5, 6, 7, and 8 are based on the 393 sample firms which responded

to all three surveys. The firma for Ahicb data were available for only one or two

surveys were excluded.

1) Changes in vacancies by industry

In Table 5 firms are classified into the same industry groups used in

Tables 1 and 3, and -ize groups have been collapsed. Subscript k is used to identify

these industry groups (k m 1, 2, 3, ...,9). In estimating changes, two survey

periods will bn compared. These perAods are labeled as r and r,L, where

r 4 2.1 and Y . 1,2, r2 . 2,3.

The absolute value of the difference in vacancies is:

V
k

where V
kg

and V1/444- are estimated by formula (1).

The variance of the difference is estimated as follows:

Var "- k 1-2 ) Ick r ( V 4-5) + Var ( k e.r1r ( V ke V k rz)
, (15)

where Var (V " ) and Var (sirl) are estimated with formula (2). A firm in

industry k in survey el , will still be in industry k in survey 2.1. To estimate

the covariance term it may be recalled that:

k%1
V

(J`

)

V . Vacancies in survey riof firms in industry k.

0 For firms not in industry k.
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Table 5. Changes in Job Vacancies, Standard Error,

and Coefficient of Variation, by Industry Group

Survey Period
and

Industry Group

Absolute
Value of
Change in

Job Vacancies
(1)

Standard
Error of
Change,

in Vacancies
(2)

Coefficient
of Variation

of Change
in Vacancies

(2)+(1)

(3)

February - May
Durable manufacturing 728 164 0.2::7)

Nondurable manufacturing 249 81 0.33
Construction 114 324 2.84
Public utilities and transportation 151 299 3.98
Trade, retail and wholesale 292 247 0.85
Finance, insurance, and real estate 70 48 0.69
Services, excluding education 146 199 1.36
Education 597 59 0.10
Government 22 56 2.55

Total 505 577 1.14

May - August
Durable manufacturing 148 211 1.43
Nondurable manufacturing 377 85 0.23
Construction 270 241 0.89
Public utilities and transportation 76 58 0.76
Trade, retail and wholesale 12 206 17.17
Finance, insurance, and real estate 45 66 1.47
Services, excluding education 64 201 3.14
Education 337 30 0.09
Government 5 37 7.40

Total 284 449 1.58

February - August
Durable manufacturing 876 237 0.27
Nondurable manufacturing 626 141 0.23
Construction 384 366 0.95
Public Utilities and transportation 227 296 1.30
Trade, retail and wholesale 280 219 0.78
Finance, insurance, and real estate 115 R3 0.72
Services, excluding education 82 '61 3.18
Education 934 (6 0.07
Government 17 7z 4.24

Total 221 658 2.98

Source: Based oa the 393 uni*s that re,porded to ail t._ e NICB surveys.



kr

Ji

ra

V11

0

111-17

Vacancies in survey 1.2 of firms in industry k.

For firms not in industry k.

Since we have limited the analysis to firma which responded to all three

surveys:

Nr2.
=

No
- Ns = Di where N° are the firms in size stratum j of

the population on the selection date, and NJ corresponds to V..- firms for which

data were not available on all three surveys. N-j is estimated as nj/fj . The

population is reauced by the number of firms which did not respond to all surveys.

r 9
The firms in the sample are: nj = /1j = nj - nj = nj .

n1 5_ nj since the firms which did not respond to all surveys (ntj ) are omitted.

Then the covariance term is:
r \ kra\

(2 V. I)V1
2 K1 _ VI )

- .1

Cow
orkri, vkr2) [ L-

n -
n

4=1 4

. (16)

The absolute value of the difference of the total number of vacancies

is estimated as below:

IV
r

' - V
r

where Vr' and Vr2- are computed using forMula (3).

The variance of the difference in the total number of vacancies is

computed by:

Var(Vrt-Vr') = Var (Vr') + Var (VrL) - 2 Coy (Vr', Vr4) (17)

where Var (Vr') and Var (174) are estimated by formula (4). The covariance is

calculated by:

Cow (VrI,VrL) =

Ai.3"1

ri )r). ) vL)
v ji.

%.1 n

n.

15

(18)
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where e

vii Number of vacancies in survey ri of firm i in size stratum j on
the selection date.

V 1 Number of vacancies in survey r2 of firm i in size stratum j on the
Ji

selection date.

The standard error of the changes in total job vacancies is larger than

the estimated size of this change and this was the case for about half of the

industry groups. Therefore, the NICB sample of Monroe County is not big enough

to pinpoint the small changes in job vacancies which occurred between the three

1965 surveys, but these changes may be considered economically insignificant.

Table 5 includes estimates of changes that occurred in three-month periods and

in a six -month period.

2) Changes in vacancies by size

Table 6 gives estimates changes of vacancies by employment size of

firms. The 393 firma for which data for the three surveys are available are

grouped to form the employment size classification used, denoted by the letter

s (s = 1, 2, ..., 5):

Employment Size of Firm (a) Number of Employees

1 0-9 employees in all three surveys

2 10-49 employees in all three surveys

3 50-249 employees in all three surveys

4 250 or more employees in all three surveys

5 Firms which do not correspond to groups 1-4
as defired above. This group includes 39
firms which shift employment size groups be-
tween survey periods
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Table 6. Changes in Job Vacancies, Standard Error,
and Coefficie..t of Variation, by Employment Size

Survey Period
and

Employment Size

Absolute
Value of
Change in

Job Vacancies
(1)

Standard
Error of
Change

in Vacancies
(2)

Coefficient
of Variation

of Change
in Vacancies
12)1)

(3)

February - May
Firms that remain in same employment size

0-9 298 387.00 1.30
10-49 338 198.00 0.59
50-249 116 336.0o 2.90

250 and over 175 58.80 0.34
Firms that change employment size 174 171.00 0.98

Total 505 577.00 1.14

May-August
Firms that remain in same employment size

0-9 66 215.00 3.26
10-49 112 210.00 1.88
50-249 99 226.0o 2.28

250 and over 121 61.20 0.51
Firms that change employment size 110 237.00 2.15

Total 284 449.00 1.58

February - August
Firms that remain in same employment size

0-9 364 375.00 1.03
10-49 45o 320.00 0.71
50-249 17 324.00 19.06

250 and over 54 2.45 0.05
Firms that change employment size 64 288.00 4.5o

Total 221 658.00 2.98

Source: Based on the 393 units that responded to all three NICE surveys.
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The vacancies of employment size s are defined as follows:

r,

VhfVacancies on survey r, of firm i in size stratum on the

selection date, and in size group a on survey ri.

0 For firms not in size group s on survey r1.

Vacancies on survey rl of firm i in size stratum j on the

selection date, and in size group s on survey rz.

0 For firms not in size group s on survey rl.

If a firm is in a particular size group s on survey r1, it will be in

the same size group on survey re

The absolute value of the difference of vacancies between two survey

periods is:

where V
sr,

vSr, vSra

V
, J

The variance of the difference is:

(19)

(20)

Var (Var,
verL)

= Var Var' + Var V8rz - 2 Cov
(var, ,arL)

, v , (21)
r, '

k' ,,,4( wri)'
where Var Var' -

T[±11(,__.f.J

j]
1.=( \

n , - I

i
(22)

J

Var(vsrL) is computed with an equation similar to formula (22), but using variable

sra
Vji . The covariance term is estimated as follows:r. n

1 4n ri Vr2- -- ( - w... %..i,1 J-ViS;rni).( vra)
[-----14; (I 1.1 "

J h. -I
(23)Cov

(vsrl) vsrl) .1

311 Irvi J

Of the 39 firms in group 5, 21 firms shift between size group 1 and 2; seven firms

shift between size group 2 and 3; seven shift between size group 3 and 4; three

shift between size group 1 and 3, and one firm shifts from group 1, to 2, and than
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to 3. Some of these firms may have seasonal fluctuations in their employment;

others may be expanding or shrinking their employment.

Although the following results may have little economic importance, the

standard error of the difference in vacancies given in Table 6 is of the same

order of magnitude as the absolute value of the difference in vacancies for all

size groups, except for the firms with 250 employees or more; therefore, the NICE

sample survey is not geared to detect accurately small changes in vacancies

which actually occurred.

3) Changes in vacancy rate by industry

Table 7 gives estimates of changes in the job vacancy rate and standard

error of this estimate for the total and for industry groups. The nine industry

groups used in Tables 1, 3, and 5 (denoted by k = 1,2.93,..,9) are again analyzed

there.

To estimate the absolute value of the difference in the vacancy rate for

industry groups, the vacancy rate of the firms in industry k on survey rand on

survey rahad to be calculated. These estimates are based on the 393 firms which

responded to all three surveys. Formula (7) is used to estimate the job vacancy

rate. Then the desired estimate of change can be represented by:

kr
i

kr
2

)
I 100 V - 1

'
00 VE iV+E

The variance of this eatimate is:

F;1010(

100
/ v Nkr41

Var = Var [1-00 (21-.) kr I ) + r [100 (19 kr21
1/.1-E) (V+E) V+E V+E

- 2 Cov 10* L)kr1
V+E V+E
V )

kr1

'

where Var1.00(-V+Eq and Var 100(7-0

kr

are estimated by formula (8).
V

50
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The covariance term is estimated by the following first approximation formula

(see Kish, p. 210):

Cov 1100(
V+E
V Tr/ 100t

\
V

kra] Vr2
10,000 Vim' V CLyjNiLkro1krt.

(V+E)krI(V+E)kra Vkrz

CovaV+EPr1,11.1-efA
[.kr kr

Cov V I (V+E) 21 Cov[Vkr,',(V+E)kr'l (25)

(14E)kri (14E) > Vkri(WE)krt vkra(v+E)kr,

where Cov (rkr, vkra) is estimated by formula (16).

Vacancies plus employment in industry k is defined as follows:

(Vji + Eji)
kr,

as IL (Vji + EA )

r
' For firms in industry k on survey ri.

0 For firms not in industry k on survey ri.

r
% 2.

(Vji + Eji)
tkri

.: t (Vji + EA ) For firms in industry k on survey ra..

0 For firms not in industry k on survey re

Then the covariance is:

Cov[(V+E)',(V+E)krz]

and

Cov[Vkri,(V+E)kra]

n. Kri
4 N.,- (v. + E ./ (V4

1'

J' Lnj nj I

11. Ji 41- ,jk

, (26)

Kra
Pi V:11(1 (1/Jt L )kr-]

'11

'121141-(1- 4.1

J

- I
nj

Cov
Vr2, krij

is computed with a formula similar to (27), but using Vria

s,
instead of 11, and (Vji + Eji)

kr
instead of (Vji + Eji)

.krz

The difference of the total vacancy rate is:

r
1

1 100 (71+LE) - 100 (74)
r

I ,

151

(27)
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Changes in the Job Vacancy Rate, Standard Error

and Coefficient of Variation, by Industry Group

Survey Period
and

Industry Group

Absolute
Value of
Change
in Job

Vacancy Rate
(1)

Standard
Error of
Change in

Vacancy Rate
(2)

Coefficient of
Variation of
Change in

Vacancy Rate

February - Nay
Durable manufacturing 0.68 0.16 0.23

Nondurable manufacturing o.90 0.32 0.35
Construction 2.54 2.42 0.95
Public utilities and transportation 1.51 2.83 1.87
Trade, retail and wholesale 0.55 0.54 0.98
Finance, insurance, and real estate 0.60 0.37 0.62

Services, excluding education 0.12 0.71 5.95
Education 2.63 0.26 0.10
Government 0.16 0.42 2.61.

Total 0.06 0.22 3.67

Ylay - August

Durable manufacturing 0.003 0.20 67.33
Nondurable manufacturing 1.15 0.26 0.23

Construction 1.70 1.39 0.82
Public utilities and transportation 0.78 0.56 0.72
Trade, retail and wholesale 0.12 0.44 3.69
Finance, insurance, and real estate 0.65 0.66 1.02

Services, excluding Education 0.18 0.61 3.39
Education 1.64 0.08 0.05

Government 0.27 0.30 1.09

Total 0.22 0.16 0.73

February - August
Durable manufacturing/ 0.68 0.22 0.32

Nondurable manufacturing 2.05 o.46 0.23

Construction 4.24 2.61 0.62

Public utilities and transportation 2.29 2.75 1.20

Trade, retail and wholesale 0.43 0.46 1.07

Finance, insurance, and real estate 1.25 0.72 0.57

Services, excluding education 0.06 0.84 13.98

Education 4.27 0.22 0.05

Government 0.11 0.54 4.88

Total 0.16 0.24 1.50

Source: Based on the 393 units that responded to all three NICB surveys.
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where the vacancy rate is estimated by formula (11). The variance of this

estimate is:

V-TE)1

v r[No( V ) ( V ( V \\ rajVar = Var [1.00(--) + Var [101041rogtV+E

(VV!'Estimates of Var [100 ky-141)

and

V
r

1 1(a)r

- 2 Cov [!"\
(
V+El

00
V+E/

rl
and of Var [100(---)

V+E

Cov
[100( V )r I )1. al 10,000 VI.' Vr2-

kV+Ej 100 .+

000'

(28)

are derived from formula (12),

Cov (Vri, Vr4)

Vr( Vra

CovPV+E)21,(V+E)r2] Covkr',(V+E)rz] Cov[Vr2,(V+E)ril

(V+E)r (V+E)rt (V+E)rt Vrz (V+E)r;

where Cov (VrI, lira) is estimated by formula (18),

Cov[(V+E)rl ,(V+E)rd =

(29)

ir, .
r-k, k (v.iz f E,JiU-(v4i4- Lit)

r

9 t i 01. f E }rI(V -
..:EpIl(I-f..)] '` 1,` i' r-, i

i.: I r-) j n. - 1

, (5o)
4

and
1 n

1 11-
V5 (V.+ E

(Vjt 4S1

Cov[-Vrl,(V+E'rIj "24124_1
I iL JL

k ni j

y.

Likewise, Cov Eiro(V+E)r] is computed by a formula similar to (31) where

Vrl is substituted by Vrit E.nd (Vji + Eii)
it

ra
is substituted by (Vji + EjOrl.

The estimates of changes of the job vacancy rate obtained are too small

to be measured accurately with the NICB sample, since the coefficient of variation

53



111-26

is greater than 1 for many industry groups. For the two three-month changes

the coefficients of variation of the total are 0.71 and 3.63, and for the one

six-month change it is 1.48.

4) Changes in vacancy rate byr size

Table 8 presents the changes in vacancy rates for the employment Biz,

groups used in Table 6 (s = 1,2,...,5). The absolute value of the difference in

the vacancy rate is:

where

and

sr
I 100( V 1 - loof v \Br2

kV+E)

n.
/Sr-1

srl I000 f. V:
100EL-)

1 L 1 4'

f. (v.. f E
J J .1"

(V
A

+ E
A

)srl
(VA + E )r1 Vacalcies plus employment in survey El

0

(32)

(33)

of firm i in size stratum j on the selec-

tion date, and in employment size group s.

For firms not in size group a on survey r1.

The vacancy rate for size s in survey 1:2 is defined in a similar fashion, but with

reference to survey 1.2.

The variance of the difference of the vacancy rate is estimated by a

formula similar to (24), but with reference to size groups s (s = 1,2,3,4,5)

instead of industry groups k. The estimated variance is a first approximation.

In Table 8 it should be noted that except for the firms with 250 employees

or wore in all three surveys, the estimated standard error is of the same order of

magnitude as the absolute value of the difference of the vacancy rate.
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Table 8. Changes in the Job Vacancy Rate, Standard Error,
and Coefficient of Variation, by Employment Size

Survey Period
and

Employment Size

Absolute
Value of
Change
in Job

Vacancy Rat
(1)

Standard
Error of
Change in

e Vacancy Rate
(2)

Coefficient of
Variation of
Change in

Vacancy Rate
(2)i(1)

(3)
February - May
Firms that remain in same employment size

0-9 1.19 1.40 1.18
10-49 0.97 0.59 0.61
50-249 0.12 0.92 7.67

250 and over 0.12 0.04 0.33
Firms that change employment size 0.79 1.35 1.71

Total 0.06 0.22 3.67

May - August
Firms that remain in same employment size

0-9 0.26 0.75 2.88
10-49 0.13 0.67 5.15
50-249 0.39 0.56 1.44

250 and over 0.19 0.04 0.21
Firms that change employment size 0.66 1.06 1.61

Total 0.22 0.16 0.73

February - August
Finns that remain in same employment size

0.9 1.45 1.35 0.93
10-49 1.10 0.96 0.87
50-249 0.27 0.83 3.07

250 and over 0.07 0.001 0.01
Firms that change employment size 1.45 1.80 1.24

Total 0.16 0.24 1.50

Source: Based on the 393 units that responded to all three NICE surveys.
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Summary

General formulas were developed for the computation of estimates

of total job vacancies, job vacancy rates, and changes in these quantities

and their variances. Data from the NICB surveys were employed to illus-

trate the use of the general formulas.

The estimates of the standard error of the total vary from survey

to survey. The largest estimate of the variability will be used to summar-

ize the results, since it represents the most conservative estimate of

reliability.

The coeMcient of variation of estimated total job vacancies in

February 1965 (Survey 1) is 0.07. The analyst may consider that total job

vacancies should be estimated with a coefficient of variation of at most

0.05. This target was not achieved in the results of the 1965 NICB surveys.

The variability of the estimates for industry groups and employment size of

firms is Important, since these estimates can be used as a guide to deter-

mine the best sample design. Three industries with a large standard error

were found to be durable manufacturing, construction, and trade (retail

and wholesale). However, these results may in part reflect the distribution

of employment size of firms by industry. In the 1965 NICB surveys all firms

with employment size of 250 or more on the selection date were included in

the sample with certainty. These firms, therefore, did not contribute to

the estimate of the standard error. The greater the percentage of large

firms (more than 250 employees) in an industry, the smaller the estimated

standard error of the industry. In the analysis of the standard error of

firms classified by employment size this phenomenon is observed clearly.

Firms with 1,000 employees or more have zero standard error. Job vacancies

of firms with 250 to 999 employees have a relatively smaa standard error,
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which results from firms that had fewer than 250 employees on the selection

date, but had more than 250 employees on the survey date. The employment

size of firms with the largest standard error was that of those with fewer

than 10 employees on the survey date.

To be able to measure accurately very small changes in job vacan-

cies, very large samples are needed. When a sample is being designee, the

order of magnitude of the changes that represent an important economic fact

should be determined and the sample designed accordingly. For example, an

area like Monroe County had a labor demand of about 276,000 in 1965. The

standard error of three-month changes in vacancies of 577 and 449 job vacan-

cies (Table 5) would measure changes of 0.4% to 0.3% of labor demand with

95% confidence. The observed change in vacancies was 829 between the dates

of the February and May surveys, and 208 between the May and the August

surveys. The former represented about 00% of labor demand (DIN), while

the latter was less than 0.1% of labor demand. A much larger sample than

the one used would be needed to measure such small changes accurately.
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Chapter IV: A PROPOSED OPTIMAL SAMPLE DESIGN

For an optimal stratified sample design the sample sizes in each

stratum are chosen so as to minimize the cost for a given variance, or,

alternatively, tc minimize the variance for a given cost, The application

of these criteria to job vacancy surveys is developed in this chapter and

illustrated by references to the Rochester area survey data. A reminder,

however, is in order. A sample survey for job vacancy statistics has as

its objective the obtaining of estimates of the total number of job vacan-

cies and of job vacancy rates at certain points in time, as well as of

estimates of changes in both between survey periods. An optimal sample

design for one type of these statistics may or may not be optimal for

others.

A) Selection of Strata for Optimal Allocation

In Chapter II, three considerations for choosing strata were

given: average size, variability, and cost. Significant differences in

average number ar,d in variability of the nuriDer of job vacancies not off-

set by proportional differences in costs make stratification worthwhile.

Specifically, it is the ratio of the standard deviation (of number of

vacancies, of vacancy rate, of change in number, or of change in rate) to

the square root of the cost per firm that is examined in choosing strata,

together with the average value of the vacancy measure.

owing to the nature of the lists from which job vacancy samples

are drawn, the possible stratifying characteristics are restricted to

industry and size of firm. We have chosen the following employment size
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IV-2

groups for analysis, using the considerations mentioned above and the

estimates of variability and cost in Tables 2 and 9.

Size
Group

Number of Employees of Firm
(on selection date)

1 7 or fewer (or of unknown size)
2 8 to 49

3 50 to 249
4 250 to 499

5 500 to 999
6 1,000 to 2,499

7 2,500 or more

As pointed out in Chapter III, the variability of vacancies in

durable manufacturing, construction, and trade is higher than in the

other industries examined (Table 1). The cost estimates (Table 9) do not

offset this difference, so we have chosen the following industry classifi-

cation.

Industry
Group

A Durable manufacturing, construction, and trade

B Nondurable manufacturing, public utilities, finance,
services, and government

Industry of Firm

These classifications produce 14 strata, as each size group is

divided into two industry groups.

B) Methods for Obtaining an Optimal Sample Design

The purpose of designing optimal samples is the utilization of

the resources available in the most efficient manner. Two alternative

approaches are used to select optimal samples:

(a) To minimize the cost when the variance of the sample estimates
is chosen in advance.

(b) To minimize the variance of the sample estimates when the cost
is chosen in advance.



IV-3

Regardless of the criterion used, the optimal sample size in a stratum is
*

:

tag = n

N S
g g

14 %.)

g=1

where ng : Number of firms in stratum g for optimal allocation.

()

n : Total number of firms in the sample. (n will be determined
to satisfy either a predetermined variance or a fixed given
cost.)

Ng : Number of firms in the population in stratum g.

cg : Cost per firm in stratum g.

Sg : Element standard error in stratum g.

To determine the total sample size) the two criteria for obtain-

ing an optimal sample must be considered separately. If a sample is

designed to meet a given total cost,

14
C. E en ,g g (2)

by substituting the optimal value for n from formula (1) in this cost

function, the equation for the total sample size, n, would become the

following:

n

14 N S
C g=1 jr

g

14
E (N sg g g

* Cochran, p. 96.
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Similarly, if a sample is designed to give a specified variance,

V, then ng from formula (1) must be substituted in the following formula:

14 , s2
V =gE N

g
(N

g
- n

g
) .

g
n

(1)

In this case the formula for the total sample size would result as shown:

n

, 14 14 N S
L E td s Eg g g

g.:1 g =1

14 2V + N

g=1 g
S
g

(5)

To compute an optimal sample size, formula (1) also requires

estimates of c the cost per firm in stratum g. The total cost
*

of an

interview survey for collectit.3 job vacancy data is subdivided into costs

assumed to be constant for all firms and costs considered proportiDnate

to the number of vacancies in the firms. The NICB survey requested iinns

to describe requirements for each vacancy under active recruitment on the

survey reference date. Vacancy specifications were coded accordint, to the

Dictionary of Occupational Titles.** This required repeated contacts with

the firm by trained personnel to obtain complete dote. Data for firms

with a large number of vacancies or vague specifications were consequently

* The estimate of total cost is based on the data presented in Measuring
Job Vacancies, Table 5.1, p. 77.

** U.S. Bureau of Employment Security, Dictionary of Occupational Titles,
Vols. I and II, Second Edition, 1949.
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IV-5

more expensive to compile than those for small firms or for those with wel,,

defined requirements. The survey cost per firm in a given stratum was esti-

mated as the sum of two components: (a) an average per firm of those costs

that do not vary among firms, and (b) a cost proportionate to the average

number of vacancies in each stratum.

The data on cost per firm used for the optimal design of the

sample are given in Table 9, columns (11) and (12). The range of cost per

firm varies between $4.66 for firms in Size 1, Industry Group B, and $317.94

for firms in Size 7, Industry Group A. The estimated cost per firm is used

in fonoula (1) to compute the optimal sample design.

Formula (1) also requires estimates of Sg, the element standard

error of the strata selected for the optimal allocation. Since the NICB

sample included all firms with 250 or more employees on the selection date,

the population value of the element standard error can be obtained in the

strata corresponding to these firms:

S
g II

Ng Ng

E V- - cE- V
l'A el ,-1 gli g

N
g

- 1

where V
gi

Number of vacancies of firm i in stratum g.

(6)

For the strata corresponding to firms with fewei than 250 employ-

ees, two or more strata originally included in the sample were collapsed to

arrive at an optimal stratum, If two strata, for example, denoted by gl

and g2, are collapsed to form stratum g, an unbiased and consistent estimate

of the element variance can be taLen as*:

* The proof that fomula (7) is unbiased and consistent is given in
Appendix A.
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N1 n
N g2s2 v2 + E v2}g Ng hgl gi 2 j=1

1 f (N2-1-
ngl 2 ns r(

C gi

N N -- n fp 2 omr/L- g--(
i

j
Vgg2 g2 1-1 g-I

N A

+ 2 'nil

lr,

C v y
t.,2 l. C7)

where N
gl

: Number of firms in the population in s,ratum gl.

N
g2

: Number of firms in the population in stratum g2.

Ng : N62 N62

ngi : Number of firms in the sample in stratum gl.

ng2 : Number of firms in the sample in stratum g2.

Formula (7) assumes that a simple random sample is chosen from

each stratum separately, then later combined to form one stratum. This

assumption is en approximation to the sample chosen for the NICB surveys,

since within each employment-size stratum a systematic sample of firms

ordered by industry was selected. The element standayd error for the

estimation of total job vacancies is shown in Table 9, columns (1) - (6).

To arrive at an estimate of the optimal sample design for changes

in total number of vacancies in formulas (6) and (7) given above, a substi-

tution may be made for the number of vacancies in a given survey (V ) by
gi
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gi
12the difference between vacancies in any two survey periods, V where:

12
V . = Vi. - V

2
gr gr gi (8)

1and.Vg, : Number of vacancies in Survey Period 1 of firm i in stratum g.

V2 : Number of vacancies in Survey Period 2 of firm i in stratum g.
gi

The element standard error for the estimation of changes in total job

vacancies is also given in Table 9, columns (7) - (10).

A first approximation formula to be used for the estimation of

the element standard error for optimal allocation corresponding to the job

vacancy rate (

100 V
is as follows

*
:

V+E

,/si\i
2 r loo 12f 2 r v 32 ,f. V 1 c,

g... L cev L (VIE) (1,-+Y) =',*(iiial'14/,(v+E)1 (9)

w.:.ere V

(V+E)

.."Vg

2
S(V +E)g

: Estimated total vacancies.

Estimated total vacancies plus employment.

: Element variance for vacancies in stratum g.

: Element variance for vacancies plus employment in
stratum g.

: Element covariance between vacancies and vacancies
(V,(V+E))

plus employment in stratum g.

In the strata corresponding to firms with 250 employees or more,

where the sampling frcction is taken as one, the element covariance is:

* Cochran, p. 175.
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S iv, (v+E) Jg
Ng -

111-9

Na Nit,

Ng C E-V" 4-)F c(v+E) di
V

1=1 8-L. -1=1
1=1 e

(WE)
l

(10)

where (V+E)
gi

: Vacancies plus employment of firm i in stratum g.

The optimal strata of firms with fewer than 250 employees were

formed by combining two or more of the originally selected strata. When

two or more strata are to be combined, an unbiased and consistent estimate

of the element covariance is
*

:

,
N ng2

S E V V+E) . E V (V1-E)11/, tV+E) ut.
" g

gi n gi gig 1-1 8- g2

N N . -3 ngl ngl ngl
1

F(/T-:=1) t.n 4-1-.-.
f 81( 8)-:-..f" -( E- V (iE (ti+E) ) V .(V+E) 1

g g -J gl g.l. ' i.--1 81-' ..,,i g =1 gl tij

nNg2 (Ng2-1.\
1, V

ng2
+ F. E V (V+1.i')g11ng2 gi i=1 (

81 1.,,1 81

N N ngl g2 ngi
(v+io 14-LE E (V+E011 (11)

g1 g2 1-3. t'

g2

The estimate Sg of the element standard error for the job vacancy

rate is given in Table 10, columns (1) - (6). To obtain optimal sample

sizes, S; should be substituted into formula (1).

The proof that formula (11) is unbiased and consistent is given in
Appendix A.
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To calculate the optimal sample allocation for changes in the job

vacancy rate, an estimate is required of the element variance for changes

in the job vacancy rate. This e:timate is based on the firms for which

deta from all three survey periods are available. The estimate of the

variance for changes in the job vacancy rate is:

(12)(s'g 2)
1

(s'g 2)
2

- 2 s igl)g2)

where (Se)1 and (Se)2 are determined by using formula (9) and represent

estimates of the element variance in Survey Periods 1 and 2.

The element covariance between the two survey pericis is computed by using

the following first approximation*:

v9 100 100 -1_1 c.
V1 V2

" I 1, g 2 v4142 [ Vgi Vge- V:1--$7) ql-J+1

where V1

V
2

(V+F)i

vi
s (v+E)g1, Nt-IE.)g2) TV--FE-13.

s 1Vg2, (V+E)81

V2
-

TV-4TP,)-2
[V

g
(V+E) g2 1J

Total estimated vacancies in Survey 1.

Total estimated vacancies in Survey 2.

(o)

Tote: estimated vacancies plus employment in
Survey 1.

(v +E)2 Total estimated vacancies plus employment in
Survey 2.

* Kish, p. 210.
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s
(vgi,v82)
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: Element covariance between vacancies in Surveys
1 and 2 in stratum g.

Sr,
L(V+E) 1,(V+E)

1: Element covariance between vacancies plus em-
g ployment in Surveys 1 and 2 in stratum g.

1' CV g22(V+E)gll Element covariance between vacancies in Survey 2
and vacancies plus employment in Survey 1 in
stratum g.

S11:V
Element covariance between vacancies in Survey 1
and vacancies plus employment in Survey 2 in
stratum g.

The element covariances for strata of firms with 250 or more em-

ployees are estimated using fomulas similar to (10). For firms with fewer

than 250 employees in which the optimal strata were derived by collapsing

two or more original strata -- the element covariance can be calculated by

formulas similar to (11). In both cases, appropriate variables must be

used. For example, to estimate the element covariance between vacancies in

Survey 1 and Survey 2, the variables V1 and V2 should be used. The esti-

mates of the element standard error of changes in the vacancy rate are

given in Table 10, columns (7) - (12).

In the next section all these formulas are applied to data ob-

tained in the NICB surveys of Pionrne County in order to illustrate optimal

designs for job vacancy surveys.
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C) Optimal Sample Design for Estimating Total Numbr of Job Vacancies

Table 11 presents optimal sample sizes for total, vacancies,

using the following constraints: (a) a total cost of $9,500 (which was the

estimated cost in 19o5 prices of a continuing sample survey for obtaining

job vacancy data of the size used by the NICB*), or (b) coefficients of

variation of 0.025, 0.05, or 0.10. Sample desizns for specified costs are

given in columns (1) and (2) of Table 11. The total sample size is approxi-

mately 600 employers. Table 12, which gives optimal sampling rates, shows

that in the strata for employers with fewer than 50 employees, a lower

sampling ratio is optimal for those in Industry Group than for the small

employers in Industry Group A (employers in construction, durable manufac-

turing, and trade industries). EMployers with 50 to 249 employees have

similar sampling ratios for all industries.

If the optimal sampling fraction in a stratum is larger than 0.5,

including all firms is considered advisable. This criterion was discussed

by Leslie Kish as follows:

For computing means, aggregates, and t'ir variances the for-
mulas of Sectioa 3.3 are applied. In the variance formula...it may
be noted again that increasing all the allocations nh proportionally
by the factor k decreases the overall variance by thd'same factor
if changes in fh are negligible.

But optimum allocation is precisely the method that may lead
to situations where the values (1 - f0 in some strata are too large
to be negligible. Moreover, sometimeg in one or more of the extreme
strata the formula...may point to values of fti close to 1 or even over 1.
In such cases, all elements of these strata should be taken into the
sample. The extreme strata, if sampled completely, do not contribute
to the variance of the combined estimate.**

The optimum formule.,...may rcsuli, in the impossible allocation
nD 414 and f.>1. This can occur when a rather large sample its needed

* Based on data presented in Measuring Job Vacancies, p. 77.

** Kish, p. 94.

70



a
l
l
,
'

.
1
,
 
:
1
z
-

o
f
 
T
o
t
a
l
 
J
o
b
 
V
a
c
a
n
c
i
e
s

o
u
m
o
e
r
 
o
:
'

,
1
.
1
1
,
1
.
;
 
i
n
 
:
,
o
r
:
,
,
L
1

D
t
T
n
t
,
,

:
i
i
n
i
 
i
n
 
o
p
t
1
m
a

;
,
-
W
I
n
t
,
,

:
o
r
 
'
4
t
,
-
I
:
1

i
o
r
 
V
a
r
i
a
t
i
o
n
 
u
i
:

:
'
e
r
 
C
o
n
'
 
D
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
!
,
i
r
m
a

i
t
 
O
p
'
:
m
a
l
 
g
a
m
p
l
.

D
e
s
i
r
7
n
 
(
r
)

A
t
r
v
,
,
,
,

e
r
i
o
d

:
a
m
p
l
e
 
f
o
r
 
G
i
v
e
n
 
c
o
l
t
 
0
"

a
n
d

'
,
,
.
7
0
9

9
.
9
-
5

0
.
0
5

0
.
1
0

n
i
z
,
 
o
f
 
:
4
_
,
p
o
r
t
n
,
 
U
n
i
t

I
n
d
,
,
t
,
y
 
G
r
o
w
,
 
(
a
)

i
n
u
u
.
f
t
z
;
,
-
 
.
r
o
u
p

l
n
i
u
.
.
f
t
r
y
 
,
;
r
o
u
p

1
1
1
,
1
1
1
.
.
t
r
y
 
G
r
o
u
p

I
r
u
l
u
s
t
r
y

G
r
o
u
p

(
n
N
i
m
t
P
r
 
0
,
'
 
,
.
.
.
i
o
,
 
,
,
 
)

A
B

A
B

A
A

P
A

1
3

(
i
)

(
'
-
)

(
.
5
)

(
4
)

(
'
J
)

(
5
)

(
'
-
'
)

(
j
)

(
1
0
)

,
,
b
r
u
a
r
y

0
 
-

7
1
2
2

1
2
9

3
5
7

3
7
7

1
3
3

1
4
0

5
7

5
0

1
9
.
7

2
0
.
5

_
4
/

1
9
1

3
2

5
5
7

9
4

2
0
7

3
5

7
4

1
2

3
0
.
7

5
.
2

-
2
4
/

3
5

,
,
,

1
3

1
1

5
"

4
.
6

.
5
5
0

4
9
9

3
1

2
1

3
7

1
.
2

3
.
1

5
0
0
 
-

9
9
9

1
7

1
1

2
1

7
1
9

2
7

1
.
0

2
.
2

1
,
0
0
0

2
,
4
2
9

2
(
5
)

3
9

2
(
b
)

2
(
b
)

2
0
.
1

0
.
9

2
,
5
0
0
 
0
1
'
 
m
o
r
e

9
4

9
5

9
0

3
.
6

1
.
1

T
o
t
a
l

4
0
5

1
,

r4
2

6
5
7

2
4
2

1
0
0
.
0

M
a
v

0
 
-

1
5
6

5
5

1
1
0

1
3
5

4
7

4
6

1
6

2
5
.
3

9
.
1

3
 
-

4
9

1
3
8

7
0

2
9
6

1
5
1

1
i
9

4
1

2
1

2
2
.
5
,

1
1
.
6

5
0
 
-

2
4
7

,
:
4

4
2

1
1
7

9
1

4
7

3
7

i
n

1
3

9
.
0

7
.
0

2
5
0
 
-

4
-
9
9

l
'
j

1
5

2
4

Z
1

1
3

1
3

4
4

2
.
'
,

2
.
4

'
.
.
.
.
!

5
0
0
 
-

0
9
9

7
1
1

1
4

2
1

r
,

1
0

1
.
1

1
.
9

k
e
.

1
.
0
0
0
 
-
 
2
,
5
9
9

5
4

2
.
5
0
0
 
o
z
 
m
o
r

9
3

9
4

2
(
b
)

2
(
b
)

0
2
(
b
)

0
.
3

4.
7

0.
7

0
.
5

T
o
t
a
l

5
3
5

1
,
2
2
5

5
0
P

1
8
0

!
D
o
.
o

A
t
u
n
i
s
t

-
-
.
.
.
d
-
-
-

0
 
-

7
2
0
3

5
9

5
4
0

1
5
7

2
0
3

r
o

7
5

2
2

3
1
.
8

9
.
2

2
 
-

1
4
9

1
4
8

6
1

3
9
4

1
6
3

1
5
:
3

S
i

5
5

2
3

2
3
.
2

9
.
6

5
o
 
-

2
4
9

3
0

3
7

8
0

9
7

3
7

3
7

1
1

1
3

4.
7

5
.
7

2
5
0
 
-

4
9
9

7
3
1

2
3

3
1

)
3
1

3
1
4

1.
4

6
.
0

5
0
0
 
-

9
9
9

1
3

1
7

2
1

1
3

3
5

1
.
 
3

2
.
0

1
,
0
0
0
 
-
 
2
,
4
9
9

4
3

2
9

4
3

2
(
b
)

2
(
b
 
)

0
.
6

0
.
5

2
,
5
0
0
 
o
r
 
m
o
r
e

9
9

4
9

-
-
_
_
_
_
.
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
1

-
_
_
_
,
-
-
-
-
-
-
,

-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
.
_
_
_
_
-
-3

3
2
(
b
)

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

2
3
2

3
.
5

0
.
5

T
o
t
a
.

6
,
,
-
)

1
,
5
5
0

h
i
2

1
0
0
.
0

(
a
)

F
o
r
 
d
e
f
i
n
i
t
i
o
n
 
0
1
 
i
n
d
a
z
t
r
y

z
,
e

f
o
o
i
n
o
t
e
 
(
b
)
.

(
b
)

T
h
e
 
n
u
m
b
e
r
 
o
f
 
f
i
r
m
a
 
i
n
 
t
n
i
s
 
s
t
r
a
t
k
x
m
 
w
a
.
;
 
i
n
c
r
e
a
s
e
d
 
t
o
 
t
o
o
,
 
t
h
e
 
m
i
n
i
m
u
m
 
n
u
m
b
e
r
 
n
e
,
'
e
u
i
a
r
y
 
t
o

C
.

a
n

o
f
 
:
.
n
t

(
c
)

O
w
i
n
g
 
t
o
 
r
o
u
n
d
i
n
g
.
 
p
e
r
c
e
n
t
a
g
e
 
d
t
s
t
r
i
b
l
,
t
i
o
n
s
 
d
o
 
n
o
t
 
n
e
c
e
s
s
a
r
i
l
y
 
"
d
d
 
t
o
 
t
o
t
a
l
.

C
o
u
r
e
e
:

B
a
s
e
d
 
o
n
 
d
a
t
a
 
r
r
o
m
 
a
l
l
 
e
n
i
t
s
 
t
h
a
t
 
r
e
s
p
o
n
d
e
d
 
t
o
 
t
h
e
 
M
a
c
 
s
u
r
v
e
y
s
.



T
a
b
l
e
 
1
2
.

O
p
t
i
m
a
l
 
S
a
m
p
l
i
n
g
 
R
a
t
i
o
s
 
o
f
 
F
i
r
m
s
 
f
o
r
 
E
s
t
i
m
a
t
e
s
 
o
f
 
T
o
t
a
l

J
o
b
 
V
a
c
a
n
c
i
e
s

S
u
r
v
e
y
 
P
e
i
o
d

O
p
t
i
m
u
m
 
f
o
r
 
G
i
v
e
n
 
C
o
s
t

O
p
t
i
m
u
m
 
f
o
r
 
C
o
e
f
f
i
c
i
e
n
t
 
o
f
 
V
a
r
i
a
t
i
o
n
 
o
f
:

a
n
d

$
9
,
5
0
0

0
.
0
2
5

0
.
0
5

0
.
1
0

S
i
z
e
 
o
f
 
R
e
p
o
r
t
i
n
g
 
U
n
i
t

I
n
d
u
s
t
r
y
 
G
r
o
u
p
(
a
)

I
n
d
u
s
t
r
y
 
G
r
o
u
p

I
n
d
u
s
t
r
y
 
G
r
o
u
p

I
n
d
u
s
t
r
y
 
G
r
o
u
p

(
N
u
m
b
e
r
 
o
f
 
F
m
n
l
o
y
e
e
s
)

A
A

B
A

A
(
1
)

(
2
)

(
3
)

(
4
)

(
5
)

(
6
)

(
7
)

(
8
)

F
e
b
r
u
a
r
y

1
:
3
4

1
:
3
8

1
:
1
2

1
:
1
3

1
:
3
1

1
:
3
5

1
:
8
9

1
:
9
8

0
 
-

7
8
 
-

4
9

1
:
7

1
:
2
5

3
:
7

1
:
8

1
:
6

1
:
2
3

1
:
1
7

1
:
6
6

5
0
 
-

2
4
9

2
:
1
1

1
:
6

1
:
2

6
:
1
3

1
:
5

1
:
6

1
:
1
4

1
:
1
6

2
5
0
 
-

4
9
9

1
:
3

1
9
:
3
1

2
2
:
2
4

1
:
1

1
:
3

2
1
:
3
1

1
:
8

7
:
3
1

5
0
0
 
-

9
9
9

6
:
1
7

1
7
:
2
1

1
:
1

1
:
1

7
:
L
7

1
9
:
2
1

2
:
1
7

1
:
3

1
,
0
0
0
 
-
 
2
,
4
9
9

2
:
5

5
:
9

3
:
5

1
:
1

2
:
5

2
:
3

2
:
5

2
:
9

2
,
5
0
0
 
o
r
 
m
o
r
e

1
:
1

1
:
1

1
:
1

1
:
1

1
:
1

1
:
1

1
:
1

3
:
4

`
t
o
y

0
 
-

7
1
:
2
8

1
:
9
1

1
:
1
3
.

1
:
4
3

1
:
3
2

1
:
1
0
7

1
:
9
5

1
:
3
1
4

8
 
-

4
9

1
:
9

1
:
1
1

1
:
4

1
:
5

1
:
1
1

1
:
1
3

1
:
3
1

1
:
3
8

5
0
 
-

2
4
9

3
:
1
0

2
:
9

5
:
8

1
:
2

1
:
4

1
:
5

1
:
1
2

1:
14

2
5
0
 
-

4
9
9

5
:
8

1
5
:
3
1

1
:
1

1
:
1

1
3
:
2
4

1
3
:
3
1

1
:
6

4
:
3
1

5
0
0
 
-

9
9
9

7
:
1
7

1
1
:
2
1

1
4
:
1
7

1
:
1

6
:
1
7

1
0
:
2
1

2
:
1
7

1
:
7

1
,
0
0
0
 
-
 
2
,
4
9
9

1
:
1

4
:
9

1
:
1

1
:
1

4
:
5

4
:
9

2
:
5

2
:
9

2
,
5
0
0
 
o
r
 
m
o
r
e

1
:
1

3
:
4

1
:
1

1
:
1

1
:
1

3
:
4

8
:
9

1
:
2

A
u
g
u
s
t

1
:
2
1

1
:
8
5

1
:
8

1
:
3
2

1
:
2
1

1
:
8
5

1
:
5
7

1
:
2
2
8

0
 
-

7
8
 
-

4
9

1
:
9

1
:
1
2

1
:
3

2
:
9

1
:
9

1
:
1
2

1
:
2
3

1
:
3
2

5
0
 
-

2
4
9

1
:
6

1
:
5

4
:
9

1
:
2

1
:
6

1
:
5

1
:
1
6

1:
14

2
5
0
 
-

4
9
9

9
:
2
3

1
:
1

1
:
1

1
:
1

9
:
2
3

1
:
1

3
:
2
3

1
4
:
3
1

5
0
0

9
9
9

8
:
1
7

1
3
:
2
1

1
:
1

1
:
1

8
:
1
7

1
3
:
2
1

3
:
1
7

5
:
2
1

1
,
0
0
0
 
-
 
2
,
4
9
9

4
:
5

1
:
3

1
:
1

1
:
1

4
:
5

1
:
3

2
:
5

2
:
9

2
,
5
0
0
 
o
r
 
m
o
r
e

1
:
1

3
:
4

1
:
1

1
:
1

1
:
1

3
:
4

8
:
9

1
:
2

(
a
)

F
o
r
 
d
e
f
i
n
i
t
i
o
n
 
o
f
 
i
n
d
u
s
t
r
y
 
g
r
o
u
p
s
 
s
e
e
 
T
a
b
l
e
 
9
,
 
f
o
o
t
n
o
t
e
 
(
b
)
.

S
o
u
r
c
e
:

B
a
s
e
d
 
o
n
 
d
a
t
a
 
f
r
o
m
 
a
l
l
 
u
n
i
t
s
 
d
h
a
t
 
r
e
s
p
o
n
d
e
d
 
t
o
 
t
h
e
 
N
I
C
B
 
s
u
r
v
e
y
s
.



Iv-16

from a skewed population of establishments or inventories. In the
extreme strata the values of Sk,may be so large that the formula
leads to the impossible prelimfhary result. This solution lies in
the mathematical region where the contribution of the extreme strata
to the sum of variances...would be negative. The first practical
step is to make these variances zero by making fk= 1 and nk =
In practice we may decide to take this step for any stratum-Where
f >0.5, let us say.*

The use of the criterion that all sampling units are included in

each stratum with an optimal sampling fraction of 0.5 or more results in a

sample which comprises all firms with 1,000 or more employees and those

with 250 to 999 employees in Industry Group B. One out of every two firms

with 250-999 employees in Industry Group A should be selected for the

design of this optimal sample.

An estimate of the variance of vacancies is needed to compute the

optimal sample size from equation (13). Since the coefficient of variation

(ratio of standard error to the estimated siatistic) has been predetermined,

the variance can be estimated as follows:

,

Variance = ( Vacancies x Coefficient of variation)
2

The average sample size necessary to obtain estimates of total vacancies

with a coefficient of variation of 0.05 is estimated at about 600 firms

(Table 11). This is similar to the sample size corresponding to a given

total cent of $9,500. To obtain survey results with a coefficient of

variation of 0.025, a sample of about 1,500 firms is needed, while if it

is sufficient to estimate total job vacancies with a coefficient of

variation of 0.10, a sample of 220 firms would suffice.

In Table 13 the average optimal sample size for total job vacan-

cies, as well as the largest sample size per stratum, is given. If the

largest sample size is selected for each stratum, the variance of the

resifiting sample will be no greater than that specified for the optimal

* Ibid., p. 144.
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sample design, but the cost will be increased. For example, for the coeffi-

cient of variation of 0.05, the sample including the largest size per stra-

tum result.; in a total sample size of 789 firms. This sample Includes over

100 more firms than the largest optimal sample size for a coefficient of

variation of 0.05, which is 657 firms for the data of Survey 1.

If, on the other hand, we assume that the results of the three

surveys differ only on account of sampling variations and take an average

of the three survey results, the total sample size for a coefficient of

variation of 0.05, including all firms in strata where the sampling frac-

tion is larger than 0.5, is as follows:

Table lh. Selected Sample Assign for Estimating Total Job Vacancies to
Obtain a Coefficient of Variation of 0.05

Size of
Reporting Unit

(Number of
Em loyees

Number of Firms in
Industry Groups
A B

Sampling Ratio of Firms in
Industry Group
A

0-7
8-49

157
158

82
52

1:27
1:8

1:61
1:15

50-249 7 3 1:' 1:5
250-499 lo 351b 5:12 1:1

500 -999 75 21b 7:17 1:1
1,000-2,499 b 4 1:1 4:9
2,500 or more 9 )b 1:1 1:1

Total 612

(a) For definition of industry groups see Table 9, footnote (b).
(b) The average optimal sample sizes were increased in these strata to

include all firms, since the optimnl sampling fraction was al; least
0.5.

Source: Based on Table 13.

The cost of one survey which follows the optimal sample design

given in Table l) is approximately $10,100, and theoretically the sample

estimates would result in a coefficient of variation for total job vacan-

cies of 0.05.
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The sample used in the NICB surveys of Monroe County in 1965 in-

cluded with certainty all firms with 250 employees or more on the selection

date. The optimal design suggested above included with certainty firms with

250 or more employees except employers with 250-999 employees in Industry

Group A, and those with 1,000-2,499 employees in Industry Group B, 14.;ere

one out of every two firms was selected. The characteristics of the firms

which should be selected with certainty usually vary according to the size

of the area being covered and the distribution of firms by employment size

and industry.

D) Optimal Sample Design for Estimating Changes in Number of Total Job
Vacancies

The criterion to be used for the design of the optimal sample to

measure changes in job vacancies which occurred between survey periods is

baT. I on the samples detecting changes of 0.5% of total labor demand (em-

.,it plus vacancies) with 95% confidence. In 1965 the average labor

demand for Monroe County was 276,000 jobs. The number of vacancies which

represents one-half of one per :eat !ould therefore be 1,380. If the sample

estimate of change has a standard error of 690 vacancies, then changes in

vacancies of one-half of one per cent are detectable with 95%

confidence.

Optimal sample designs for a standard error of change of 690

vacancies for three-month periods are given in Table 15. The optimal sample

for changes which occurred between Survey 1 and Survey 2 requires 381 firms,

while one based on the changes which occurred between Survey 2 and Survey 3

requires only 278 firms. If all firms in strata where the sampling fraction

is 0.5 or larger are included with certainty, an optimal sample design for

estimating changes in total job vacancies with a standard error of 690

vacancies would be as follows:
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Table 15, Optimal Sample Size for Estimates of
Changes in Total Job Vacancies

Optimum for Standard Error of Change of
Size of Reporting Unit 690 Job Vacancies
(Nusber of Employees) February-May May-August Average Sample Size

Industry Group (a) Industry Group
A B A B

Industry Group
A B

(1) (2) (3)

NUMBER OF
(4)

FIRMS
(5) (6)

0 - 7 76 79 53 41 64 6o
8 - 49 99 36 65 25 82 30

50 - 249 2L 20 25 21 24 20
250 - 499 6 12 6 22 6 17
500 - 999 4 10 3 6 4 8

1,coo - 2,499 3 2(c) 2(c) 2(c) 2 2

2,500 or more 7 3 5 2(c) 6 2

Total 381 278 327

(a) For definition of industry groups see Table 9, footnote (b).

(b) Arithmetic mean of the two optimal designs given in columns 1-4 of this Table.
(c) See Table 11, footnote (b).

Source: Based on data from the 393 units that responded to all three NICB surveys.
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Table A. Selected Sample Design for Estimating Changes in Total Job
Vacancies Which Measure 0.5% of (E+V) with 95% Confidence

Size of
Reporting Unit

(Number of
Employees)

Number of Firms in
Industry Groups
A B

Sampling Ratio of Firms in
Industry Group
A

0 -7 64 6o 1:59 1:82
8-49 82 30 1:16 1:25
50-249 24 20 1:8 1:9

250-499 6 311) 6:23 1:1

500-999 4 8 4:17 8:21
1,000-2,499 5b 2 1:1 2:9
2,500 or more 9b 4b 1:1 1:1

N.............N,.....,

Total 349

(a) For definition of industry croups see Table 9, footnote (b).
(b) Ste Table 111, footnote (b).

Source: Based on Tab1e'15.

The total sample size described in the table above is smaller

than the sample size used for the NICB surveys. The distribution by strata

of the 393 employers that responded to the three NI7B surveys is the follow-

ing:

Size of Reporting Unit
(Number of Employees)

Number of Firms in Industry Groups
A

0 -7 44 47
8-49 63 4o
50-249 38 42

250-499 23 31
500-999 17 21

1,000-2,499 5 9
2,500 or more 4 ,

Total 393

(a) For definition of industry groups see Table 9, footnote (b).

Source: NICB surveys.

However, if the sample sizes in the 14 strata are analyzed separately, it

will be noted that the sample is not reduced in all strata. In fact, the

7 8
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optimal sample size is larger than the NICB sample for employers with 7 or

fewer employees in both industry groups and for those with 3-49 employees

in Industry Group A. Therefore, the distribution of the oiytimal sample for

the estimation of changes in job vacancies differs from the distribution of

the sample used for the NICB surveys.

The optimal sampling ratios for estimates of three -month changes

in job vacancies are given in Table 17. For the strata corresponding to

the smaller firms, those with fewer than 8 employees and dose with 8-49

employees, the optimal sampling ratio is larger for firms in Industry Group

A than for those in Industry Group B. However, for firms with 250-499 em-

ployees, a sampling ratio of one out of every four firms in Industry Group

A is optimal, while approximately one out of every two firms should be

included in Industry Group B. For firms with 2,500 or more employees, the

optimal sampling ratio is at least one of every two firms. In this case

all firms should be included with certainty. Besides the arguments given

for the adoption of this criterion in Section C, an open-end stratum may

include a giant employer. If this employer were omitted from the sampli,

the sample estimates might be very inaccurate.

lablA 16, which gives an average sample size based on the optimal

sample designs computed for the two three-month survey periods in Table 1F,,

assumes that the differences between the two estimates are due to sampling

variation only. If significant differences exist between the two periods,

the optimal sample design to be chosen should select from each stratum

the largest number of sampling units. This has been done in Table 1P,
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Table 17. Optimal Sampling Ratios of Firms for Estimates of
Chances in Total Job Vacancies

Optimum for Standard Error of
Size of Reporting Unit Change of 690 Job Vacancies
(Number of Employees) February-May May-August

Industry Group (a)
A B

Industry Group
A

0- 7 1:50 1:62 1:71 1:120
8- 49 1:13 1:20 1:20 1:29

50 - 249 1:8 1:9 1:7 1:9
250 - 499 1:4 12:31 1:4 22:31
500 - 999 4:17 10:21 3:17 2:7

1,000 - 2,499 3:5 2:9 2:5 2:9
2,500 or more 7:9 3:4 5:9 1:2

(a) For definition of industry groups see Table 9, footnot (b).

Source: Based on data from the 393 units that responded to all three NICE surveys.
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Table la. Largest Optimal Sample Size for Each Stratum to Estimate
Three-month Changes in Vacancies of 0.5% of (E+V) with 95% Ccmfidence

Size of
Reporting Unit

(Number of
Employees)

Number of Firms in
Industry Groups
A B

Sampling Ratio of Firms in
Industry Group
A

0-7 76 79 1:50 1:62

8-49 99 36 1:13 1:20

50-249 25 21 1:7 1:9

250-499 6 31b 6:23 1:1

500-999 4 10 4:17 10:21

3,000-2,499 5b 2 1:1 2:9

2,500 or more 9b 4b 1:1 1:1
""....--................

Total 407

(a) For definition of industry groups see Table 9, footnote (b).

(b) See Table 14, footnot?, (b).

Source Based on Table 15.

The total sample size includes 56 more employers than the average

optimal sample presented in Table 16. The sample given in Table 18 is se-

lected so as to provide estimates of three-month changes in vacancies which

measure 0.5% of employment plus vacancies in Monroe County with 95% confi-

dence. The sample includes with certainty all employers with 2,500

employees or more, also those with 250-499 employees in Industry Group B,

and these with 1,000-2,499 employees in Industry Group A.

E) Optimal Sample Design for Estimating the Job Vacancy Rate

The job vacancy rate (100V/V+E) is a counterpart measure to the

unemployment rate. In other wards, the unemployment rate measures the num-

ber of people seeking jobs (those who on the reference date were not holding

a job) relative to the labor force (employed plus unemployed seeking employ-

ment) in the given area; the vacancy rate, on the other hand, measures the
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number of jobs which employers are seeking to fill on the reference date,

relative to employment plus vacancies (a measure of labor demand) for the

given area. The job vacancy rate converts the total number of job vacan-

cies to a relative measure, thus permitting comparison of job situations in

areas of differing size.

Table 19 shows optimal sample designs to estimate job vacancy

rates with a coefficient of variation of 0.05 and 0.10. To obtain a coeffi-

cient of variation of 0.05, the optimal sample sir-. computed varies between

535 and 623 employers. However, 2or a coefficient of variation of 0.10 the

total sample size is reduced to between 201 and 262 employers. Table 20

gives the optimal sampling ratios to estiL .e the job vacancy rate w!..th a

coefficient of variation of 0.05 and with a coefficient of variation of

0.10. In this table, it shou]d be noted that the sampling ratios for

employers with fewer than 50 employees are larger for those in Industry

Group A than for those in Industry Group B. For example, optimal sampling

ratios in Survey 3 for employers with fewer than 6 employees were 1:22 for

those in industry Group A, while they were 1:60 for those in Industry Group

B. For employers with 50-249 employees the optimal sampling ratios were

similar for both industry groups.

In Table 21 an average optimal sample design to estimate job

vacancy rates with a coefficient of variation of 0.05 is presented, the

sample sizes being increased to include all units in the strata where the

average optimal sampling fraction was at least 0.5:
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Table 19. Optimal Sample Size for
Estimates of the Total Job Vacancy Rate

Number of Firms in Optimal
Survey Period Sample for Coefficient of Variation of

and 0.05 0.10
Size of Reporting Unit Tndustry Group (aT Industry Group
(Number of Employees) A B A B

Per Cent Distribution of Firms
in Optimal Sample Design (c)

Industry Group
A

February
0- 7
8 - 49

50 - 249
250 - 499

500 999
1,000 - 2,499
2,500 or more

119
184

33
6

8
2(b)

9

131

34
29
20

17
6
4

51

79
14

3
4

2 (b)
4

56

15

12

7

3

3

19.7
30.4
5.4

1.0
1.4
0.2
1.7

21.5
5.6
4.8

3.3
2.9
1.0
1.2

Tote) 602 262 100.0

May
- 7 126 92 L6 33 23.1 16.8

8 - 49 124 54 45 20 22.7 9.9
50 - 249 45 34 16 12 8.2 6.2
250 - 499 12 12 4 4 2.2 2.1
500 - 999 7 10 3 4 1.3 1.8

1,000 - 2,499 4 4 2(b) 2 0.7 0.8
2,500 or more 9 2 8 2(b) 3.8 0.4

Total 535 201 ).00.0

August

0- 7 193 84 71 31 30.0 13.0
B - 49 143 6o 52 22 22.2 9.4

50 - 249 30 35 11 13 4.6 5.4

250 - 499 8 31 3 14 1.3 6.1

500 - 999 10 11 3 4 1.5 1.8
1,000 - 2,499. 3 2(b) 2 0.5 0.7
2,500 or more 9 2 8 2(b) 3.3 0.2""----,---"

Total 623 238 100.0

(a) For definition of industry groups see Table 9, footnote (b).

(b) See Table 11, footnote (b).

(c) Owing to rounding, percentage distributions do not necessarily add to total.

Source: Eased on &ea from all units that responded to the NICB surveys.
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Table 21. Selected Sample Design for Estimating the Job Vacancy
Rate with a Coefficient of Variation of 0.05

Size of
Reporting Unit

(Number of
Employees)

Number of Firms in Sampling Ratio of Firms in
Industry Groupa Industry Group
A B A

0-7 146 102 1:29 1:49
8-49 150 49 1:9 1:16
50-249 36 33, 1:5 2:11

250-499 9 3.19 3:8 1:1
500-999 8 ab 8:17 1:1

1,000-2,499 5b 9b 1:1 1:1
2,500 or more 9 4b 1:1 1:1

***41...
Total 612

(a) For definition of industry groups see Table 9, footnote (b).
(b) See Table 14, footnote (b).

Source: Based on Table 26.

The optimal sample size in Table 21 is 612 employers. The sample

includes with certainty all employers with at least 1,000 employees, and

employers in Industry Group B with 250-999 employees. For employers with

250-999 employees in Industry Group A, a sampling ratio of approximately

1:2 would be adequate. All employers with 50-249 employees should be

selected with a sampling ratio of 1:5. The sampling ratios corresponding

to the strata of employers with fewer than 50 employees are smaller for

employers in Industry Group B than for those in Industry Group A within

each employment size category. The coat of one survey using the sample

distribution suggested in Table 21 would be approximately $10,300, on the

basis of the costs per stratum given in Table 9.

Alternatively, instead of selecting an average of the three opti-

mal samples for vacancy rates, the largest sample size per stratum can be

selected. Table 22 below corresponds to this latter method.
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Table 22..Largest Optimal Sample Size for Each Stratum to Estimate
the Job Vacancy Rate with a Coefficient of Variation of 0.05

Size of
Reporting Unit

(Number of
Employees)

Number of Firms in
Industry Groups
A B

Sampling Ratio of Firms in
Industry Group
A

0-7 193 131 1:22 1:38
8-49 184 60 1:7 1:15
50-249 45 35 1:4 1:5

250-499 24b 31 1:1 1:1
500 -999 17b 21b 1:1 1:1

1,000 -2,499 5
b 9b 1:1 1:1

2,500 or more 9 4 1:1 1:1

\"----.0.--#
Total 768

(a) For definition of industry groups see Table 9, footnote (b).
(b) See Table 1t, footnote (b).

Source: Based on Table 19.

The average optimal sample size for estimating the job vacancy

rate is 612 employers; the sample obtained by selecting the largest number

of sampling units per stratum requires 768 employers. This latter sample

includes with certainty all employers with 250 employees or more. The

cost of the sample given in Table 21 was approximately $10,300, while the

sample in Table 22 would cost about $11,(00. In Section G of this chapter

the various possible samples will be compared to determine the most

desirable alternative in terms of reliability of results in relation to cost.

F) Optimal Sample resign for Estimating Changes in the Job Vacancy Rate

Changes in the job vacancy rate suggest a tightening or loosening

of the labor market. One of the objectives of the job vacancy surveys is

to detect an economically significant change with reasonable confidence.

In Table 23 optimal sample designs for achieving a standard error of 0.25

are given. These samples are designed to detect with 95% confidence changes
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in the job vacancy rate of 0.5% or more. For example, the job vacancy rate

wa3 approximately 3% in Monroe County in 1965. The sample designs given in

Table 23 would detect with 95% confidence changes in the vacancy rate of

either froin 3.0% to 3.5% or from 3.0% to 2.5%. If it were required to

detect smaller changes, the sample size would need to be increased.

The estimated optimal sample size for three-month changes in the

vacancy rate with a standard error of 0.25 is 268 and 408 employers. The

average optimal sample size for three-month changes (Table 26) is 337 em-

ployers. Table 25 gives optimal sampling ratios for changes in the two

three-month periods (February-May and May-August), and also for the six-

month period (February-August).

In Table 24below, an average optimal sample for estimating

three-month changes in the job vacancy rate of 0.5 with 95% confidence is

given. Here, in the strata where the computed sampling fraction was at

least 0.5, the sample size was increased to include all employers.

Table 24. Selected Sample Design for Estimating Three-month Changes
of 0.5 or More in the Job Vacancy Rate with 95% Confidence

Size of
Reporting Unit

(Number of
Employees)

Number of Firms in Sampling Ratio of Firms in
Industry Groupa Industry Group
A B A

0-7 65 68 1:58 1:72
8-49 84 30 1:15 1:25
50-249 23 20 1:8 1:9

250-499 6 31b 6:23 1:1
500-999 4 8 4:17 8:21

1,000-2,"9 2 2 2:5 2:9
2,500 or more 9b 4b 1:1 1:1

1444*---Ne-----""
Total 356

(a) For definition of industry croups see Table 9, footnote (b).
(b) See Table 14, footnote (b).

Source: Based on Table 26.
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The sample size given in Tablea: suggests including 356 employers.

The sample includes with certainty employers with 2,500 employees or more

and employers with 250-499 employees in Industry Group B. For strata cor-

responding to employers with fewer than 50 employees, the pattern of a

smaller optimal sampling ratio for those in Industry Group B than for

those. in Industry Group A is similar to the result found in the optimal

sample design for estimating the job vacancy rate.

The total cost of the sample given in Table 24 is approximately

$7,300. However, an average taken of two sample sizes assumes that the

difference between them is due to sampling variaticn only. If, instead,

the largest sample size is selected from each stratum, the standard of

reliability established for designing the optimal sample is ensured.

Table 27below corresponds to this latter criterion:

Table 27. Largest Optimal Sample Size of Each Stratum for Estimating
Three-month Changes of 0.5 or More in the Job Vacancy Rate

with 95% Confidence

Size of
Reporting Unit

(Number of
Employees)

Number of Firms in
Industry Groupa
A

Sampling Ratio of Firms in
Industry Group
A

0 -7

8-49
50-249

250-499
500 -999

1,000-2,499
2,500 or more

Total

8o 94
107 35
23 20
6 311)

4 21b

5
b

9b
2

9 4

4%.-----....---/
441

1:47

1:12
1:8
6:23
4:17
1:1

1:1

1:52
1:21

1:9
1:1

1:1

2'9
1:1

(a) For definition of industry groups see Table 9, footnote
(b) See Table 14, footnote (b).

(b).

Source: Based on Table 23.
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Four hundred and forty-one employers are required for the sample

given in Table 27. The cost of this sample is approximately $8,5C^, which

is $1,200 more than that of the average sample given in Table 2h, but $1,000

less than the estimated cost of the NICB surveys. Both the sample discussed

in Table 2h and the one in Table 2'l are designed to measure three-month

changes in the vacancy rate of 0.5 with 95% confidence.

G) 'Comparison of Sample Designs

Job vacancy surveys should yield estimates not only of the number

of vacancies and of the job vacancy rate, but also of the changes in vacan-

cies and vacancy rates between survey periods. In Sections C-F, optimal

sample designs to estimate each of the four statistics mentioned above

have been discussed. The different optimal allocations are compared below.
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The optimal percentage distributions for estimating job vacancies

and tle job vacancy rate on the survey reference date are similar, except

for the stratum corresponding to employers with fewer than 8 employees in

Industry Group B ( Table 28). The distribution of the NICB sample, origi-

nally designed to estimate total job vacancies, included all firms with

250 or more employees (column (5) of Table 2B),while the optimal samples

for both job vacancies and job vacancy rates call for only partial coverage

in this size range. The following tabulation summarizes the percentages

which the larger employers represent in the three samples.

Sample
Percentage of Total Sample Represented
by Employers with 250 or More Employees

Optimal for
Job Vacancies
Job Vacancy Rates

14.6
13.6

NICB 29,5

Source: Table 2.

The principal reason for these differences is the wide variation in cost

per employer, shown in Table 9. In designing the NICB sample, these costs

were erroneously assumed to be the same for all sizes of firm, owing to

the absence of information.

Sources for Table H on preceding page:

Column (1) is based on Table 1]..
Column (2) is based on Table 19.
Column (3) is the per cent distribution of the arithmetic mean of the

number of employers that responded to the NICB surveys.
Column (4) is the average optimal per cent distribution for estimating

changes in vacancies, based on the 393 employers that responded to
all three NICB surveys.

Column (5) is the average optimal per cent distribution for estimating
changes in the vacancy rate, based on the 393 employers that responded
to all three NICB surveys.

Column (6) is based on the 393 employers that responded to all three
NICB surveys.
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The two distributions computed to estimate three-month changes,

given in columns (4) and (5), Table 28, are almost identical, but they differ

from the samples given in columns (1) and (2) of Table 28, especially in the

following strata:

(a) Employers with 0-7 employees, Industry Group A.

(b) Employers with 250-499 employees, Industry Group B.

(c) Employers with at least 2,500 employees, Industry Group A.

In Table 29 below, the cost and total sample size of the optimal

samples described in the text tables cf Sections C to F of this chapter

are given. In columns (1) and (2) average samples are given; in columns (3)

and (4) the total sample size was formed by choosing the largest sample size

for each stratum. All employers in the stratum were included when the

samples were computed if the sampling fraction was at least 0.5.

Table 29. Sample Size and Cost of Job Vacancy Surveys

Criteria for
Optimal Design

Average Optimal Sample Largest Sample Size
per Stratum

Number of
Employers

Cost
Number of
Employers

Cost

(1) (2) (3) (4)

Coefficient of
Variation of 0.05:

Job Vacancies 612 $10,081 806 $11,837
Job Vacancy Rate 612 10,324 768 11,688

Three-month Changes
with 95% Confidence:

Job Vacancies of
0.5% of (E+V)a 349 7,433 407 7,885

J-b Vacancy Rates
of 0.5% 356 7,291 441 8,462

(a) E+V, employment plus vacancies reoresents total labor demand.

Sources: Tables 9, 13, 14, 16, 18, 21, 22, 24, 2nd 27.
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To obtain a coefficient of variation of 0.05, the average sample

size for both estimates of job vacancies and of the job vacancy rate is

612 employers. Yet the cost of the two samples differs slightly because

the composition of the samples by stratum varies (see Table 28), and the

estimates of cost per firm in the separate strata are also different (see

Table 9).

The criteria specifies for estimates of changes in job vacancies

and in job vacancy rates can be satisfied with smaller and, therefore, less

costly samples. If a larger sample is selected ana the sample size in each

stratum is 1...:ger than that needed to estimate changes of 0.5% with 95%

confidence, then all requirements are met. Table 30, below, gives the

strata with optimal percentages for estimates of change that are larger

than for estimates of totals.

Table 30. Strata in Which Estimates for Changes Exceed Those for Totals:
Percentages of Total Samples and Their Ratios

Stratum Percentage to Estimate

Ratio
%

( 2);(1)

Percentage to Estimate

Ratio
(5)4(4)

Number of Industry
Employees Groupa

Job
Vacancies

3-month
Changes in in

Vacancy
Rates

-month3 -month
Changes in
Vacancy
Rates

(1) (2) (3) (47 (5) (6)

0-7 B 13.0 17.9 1.38 17.1 19.6 1.15
8-49 B 8.8 9.3 1.06 8.3 9.0 1.08

50-249 A 6.3 7.7 1.22 6.1 7.2 1.18
50-249 B 5.8 6.4 1.10 5.5 6.1 1.11

250-499 A 1.7 1.9 1.12 1.5 1.8 1.20
250-499 B 3.8 5.6 1.47 3.8 5.4 1.42
500-999 B 2.2 2.5 1.14 2.2 2.4 1.09

(a) For definition of industry groups see Ta'Jle 9, footnote (b).

Source: Table 28.

In ell other strata, if a total sample size larger than the opti-

mal for estimates of change is selected, estimates of changes between survey

periods with the desired accuracy will necessarily be obtained. In the case
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of the strata listed in Table 30, if a sample size meets the required preci-

sion of the estimates of total job vacancies, it is possible that, even

when the optimal percentage for estimates of change is larger, the sample

size chosen may in fact be adequate. For example, in Table 14, in the

stratum with fewer than 8 employees in Industry Group B, a sample size of

82 units is required; in Table 16, which gives the average sample for esti-

mating changes in vacancies, the sample corresponding to the same stratum

comprises only 60 units. Therefore, if a sample of 612 units is chosen

(including 82 units in the above mentioned stratum), the Ivsulting esti-

mates of changes in vacancies will also be of the neressary precision in

this stratum. If the total sample size for total vacancies is 50% larger

than the sample size for estimates of changes, it follows that the sample

sizes in each stratum will be large enough to satisfy all criteria. This

holds since the largest ratio of 1.47 occurs in the stratum of employers

with 250-499 employees in Industry Group B.

However, in Table 31,it must be noted that the sample sizes for

estimates of job vacancies and of tr Job vacancy rate are always larger

by more than 50% than the estimated optimal sample sizes for changes.

Table 31. Ratio of Estimates for One Survey Period to Estimates for
Three-Month Changes for: Optimal Sample Size and Cost

Estimates
Ratio

Sample Size
% Cost

(Number of Employers)

Average of Job Vacancies to
kverage of 3-month Changes in Vacancies 1.75 1.36

Average of Job Vacancy Rate to
Average of 3-month Changes in Rates 1.72 1.42

Largest of Job Vacancies to
Largest of 3-month Changes in Vacancies 1.98 1.50

Largest of Job Vacancy Rates to
Largest of 3-month Changes in Rates 1.74 1.58

Source: Table 29.
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Therefore, if the optimal sample sizes for estimating job vacancies or job

vacancy rates with a coefficient of variation of 0.05 are chosen, the sample

will also meet the requirements for estimating changes of 0.5% with 95%

confidence.

In the selection of a sample which meets all the criteria estab-

lished in Sections C to F, the largest sample size for each stratum should

be chosen. Table 32 gives the resulting samples.

Table 32. Largest Sample Size for Each Stratum of the Designs
Given in Sections C to F

Size of Reporting Average Optimal R Largest Optimal Sample
Unit and in Industry Group in Industry Group

Cost A B A

0-7 157 102 203 140
8-49 158 52 207 61
50-249 37 35 47 37

250-499 10 31 24 31

500-999 8 21 17 21

1,000-2,499 5 9 5 9
2,500 or more 9 4 9 4

Total

Total Cost

638 815

$10,533 $12,040

(a) For definition of industry groups see Table 9, footnote (b).

Sources: Tables 9, 13, 14, 16, 19, 21, 22, 24, and 27.

Althcgh the table given above shows the largest sample site in each stratum,

the sample size usually corresponds to the estimates for the total number of

Job vacancies (Section C); possible exceptions might cccur, however, in the

three strata listed in Table 33 below.
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Table 33. Strata in Which Optimal Percentages Are Larger for
Estimates of Vacancy Rates than for Estimates of Job Vacancies

Stratum Optimal .ercentages for Estimating

Number of Employees Industry Groupa Job Vacancies Job Vacancy Rates

0-7 B 13.0 17.1
500-999 A 1.1 1.4

1,000-2,499 B 0.7 0.8

(a) For definition of industry groups see Table 9, footnc (b).

Source: Table 28,

If the several differing estimates result from sampling variation

only, then it is sufficient to choose the average sample given in Table 32,

which comprises 638 sampling units and costs approximately $10,500. This

sample includes about 200 more sampling units than the NICB survey of Mon-

roe County did, and would cost about $1,000 more. However, the desired

precision of this sample is a coefficient of variation of 0.05 for estimates

of job vacancies and of the job vacancy rate, white the achieved NICB pre-

cision is a coefficient of variation of 0.07.

If, on the other hand, the variations am:.ag the estimates of

Survey Periods 1, 2, and 3 are considered to be due to seasonal variations

or to other economically significant factors, and not exclusively to sampling

variability, the largest sample should be chosen in each stratum. This

sample includes 815 sampling units and costs approximately $12,000. The

NICB surveys provide three quarterly observations. If significant seasonal

or other variations exist, estimates for the fourth quarter would be needed

to provide adequate data on which to base the optimal sample design.

If Tables 1R and 27 are compared and the largest :Arple size in

each stratum is chosen, the following sample for the purpose of estimating

three-month changes would result.
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Table 34. Largest Sample Size for Each Stratum of the Designs to
Estimate Three-month Changes Given in Tables lA and 27

Size of Reporting Unit and Cost
Number of Employers in

Industry Groupa
A

0 -7 8o 94

8-49 107 36
50-249 25 21

250-499 6 31

500-999 4 21

1,000-2,499 5 2

2,500 or more 9 4

N.........----...---.--
Total

Total Cost

445

$8,517

(a) For definition of industry groups see Table 9, footnote (b).

Sources: Tables 9, 18, and 27.

Therefore, if the survey is designed to estimate changes in vacancies of

0.5% of total labor demand (E+V) or changes of 0.5% in the job vacancy

rate with 95% confidence, a sample of 445 sampling units (employers) will

suffice. Such a sample would cost approximately $8,500 per survey. It is

interesting to note that although this sample is larger than the sample

used in the NICB surveys of Monroe County, the estimated cost per survey

is $1,000 less.

Summary

We have adopted the following criteria for the selection of

samples of adequate precision:

(a) A coefficient of variation not greater than 0.05 for total job
vacancies. This is equivalent to a 95% confidence interval,
from 0.90V' to 1.10V', for two standard errors are 10% of V',
the sample estimate of vacancies

(b) A coefficient of variation not greater than 0.05 for the job
vacancy rate. This is equivalent to a 95% confidence interval
from 0.90R' to 1.10111 where R' is the sample estimate of the
job vacancy rate
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(c) Detection, with 95% confidence, of a change of 0.5 or more in the
number of vacancies as a per cent of total labor demand (employ-
ment plus vacancies)

(d) Detection, with 95% confidence, of a change of 0.5 or more in the
job vacancy rate

Techniques for sample selection using these criteria are developed and il-

lustrated with data from the NICB 1965 surveys in Monroe county, New York.

The conclusions listed below depend to some extent on the ncture of the

area studied. However, we believe that they are of general applicability

to areas with other industrial structures and labor market situations.

1. Stratification by size of firm and by industry improves sampling
efficiency.

2. Survey costs vary significantly by size of employer :tn surveys
seeking detailed description of each clans of job vacancy. This
consideration should be taken into account to obtain an efficient
sample design.

3. The criteria for measuring changes, (c) and (d) above, may be met
with smaller, and therefore less costly samples than the criteria
for measuring total job vacancies or the job vacancy rate, (a) and
(b) above.

4. A sample designed to measure total vacancies or the vacancy rate
is probably adequate to measure changes as well (if the criteria
stated above are reasonable). This was true of the designs de-
veloped for Rochester, although the relative distributions among
the strata differ according to the criterion selected.
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Chapter V: GENERAL METHODS FOR DETERMINING STRATA AND SAMPLE SIZES

In this chapter certain general procedures for the design of optimal_

survey samples are analyzed, with the objective of establishing which ones

would be applicable to areas with differing characteristics. A certain homo-

geneity of methods is advisable for vacancy surveys, especial_, those which

cover different areas, but at the same period of time. The statistics thus

derived could provide bases for estimates on population subclassii.,cltions

(industries, for example).

Statistical theory recommends that certain characteristics. such as

the number of establishments and the patterns of vacancies in an area, be

taken into account in designing a vacancy survey. Consideration of such charac-

teristics not only influences sample design in generfil, but, in particular, the

choice of both strata boundaries and sample sizes as well. Optimal strata and

optimal sample sizes in each area will depend to a large degree on the size of

the area chosen and on its prevailing job vacancy rate.

A) The Choice of Stratification Variables

Theoretically, the best stratifying variable w.,uld be the one to be

measured in the survey (see Chapter II, Section A and Chapter IV, Section A).

Therefore, if employers can be stratified according to the number of vacancies

they have, maximum gains are obtained from stratification. When this variable

is not available, some alternative:, may be employed, such as:

a) a variable highly correlated with the variable to be measured, or

b) a variable which classifies the population of establishments into such

domains of study as are desirable, for job vacancy statistics.

If the first criterion mentioned above is used, stratification of

establishments by number of employees is presumed advantageous, since larger

establishments are likely to have more job vacancies than small establishments.
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The relationship between job vacancies and employment is not necessarily linear,

however, inasmuch as vacancies depend on current labor shortages and on expected

labor turnover, as well as on any projected expansion or curtailment of employ-

ment in firms.* Moreover, new operations have higher job vacancy rates than

stabler ones, and these, in turn, have a higher rate than the -0 scheduled to

close. In the NICB surveys, the highest average immediate vacancy rate of 3.7

corresponds to those firms with 10-49 employees, and the estimate' rate is lower

for both employers with 50 or more employees and those with fewer than 10 employees.

In regard to b), the second alternative, the distribution of job

vacancies by industry, is one of the measures to be derived from a job vacancy

survey and is a characteristic of the sampling unit. Therefore, stratification

by industry would improve the quality of estimates of vacancies by industry.

)3) The Choice of the Number of Strata

The totaL variance for any survey estimate, 32, can be divided into a

portion, which can be reduced when a stratified sample is chosen plus another

portion which is independent of stratification
)

Se
2

.

S2 Ss
2

+ Se
2

It has been shown**that the portion of the variance susceptible to reduction by

the use of stratification decreases inversely with the square of the number of

s',rata. This relationship is exact for a rectangular distribution and approxi-

mate for samples selected from skewed distributions. As the number of strata

increases,the portion of the variance independent of stratification will soon

dominate the estimate of total variance. To increase the number of strata

* A more precise discussion of the factors determining job vacancies can be found
in John G. Lyer,, "Job 7act,-Icie:3 in the Firm and the Labor Market," The Conference
Board, May, 1968.

** Cochran, p. 133.
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beyond 6* does not, it is generally agreed, increase the accuracy of estimates

in relation to the increase in cost, except when the strata correspond to sub-

groups for which separate estimates are desired. In the present study the

sample design for Rochester, N. Y., uses seven size strata and each of these is

substratified into two industry groups. This gives fourteen size-industry strata.

For e larger labor area, a greater number of industry substrata might be advisable.

C) The Formation of Strata in the Population

The rule in use to determine the best boundaries for size strata was

suggested by Dalenius and Hodges**. It has been found both efficient and easy

to apply***. Let fy be the frequency function of establishments classified by

number of employees in a given area; if the establishments have been grouped into

classes of unequal width, let lay be the number of a predetermined standardized

unit in each size group. Then the cumulative of riY 71.Y is formed and the total

range is divided into equal intervals which, in turn, determine the but boundaries

of the strata. The data from the NICB surveys of Rochester, N. Y., have been used

here to find optimal size strata by following this rule. In the table below

optimal size strata were also calculated for New York, N. Y., and Richmond,

Virginia****.

Before determining the best boundaries between size strata, the very

large establishments of the area were separated and grouped to form a :stratum

Ibid., p. 134.

** Tore Dalenius and Joseph L. Hodges, Jr., "Minimum Variance Stratification,"
Journal of the American Statistical Association, March 1959, pp. 88-101.

w** William G. Cochran, "Comparison of Methods for Determining Stratum Boundaries,"
Bulletin of the International Statistical Institute, Vol. 38 (1961), 2,

PP. 345-358.

**** The distribution of establishments by size was taken from County Business
Patterns 1965, except for the distribution of establishments with 500 or more
employees in New York, N. Y., which was obtained from the New York office of
the Bureau of Employment Security.

104



V-4

that could be included with certainty, since large establishments are likely to

include a great proportion of the vacancies and the estimated variance is also

very large (see discussion in Chapter IV, Section D). For all other establish-

ments six optimal size strata were calculated, as shown below.

Table 35. Optimal Size Strata for Rochester, N. Y., New York, N. Y., and
Richmond, Virginia, in 1965

Six Optimal Strata for Establishments with
Fewer than 2,500 Fewer than 5,000 Fewer than 500
Employees in Employees in Empl^-ees in
Rochester, N. Y. New York, N. Y. Richmond, Va.
Number of Stratum Number of Stratum Number of Stratum

Stratum Employees Width Employees Width Employees Width

1 4 or fewer 4 5 or fewer 5 4 or fewer 4
2 5-20 16 6-21 5-13 9
3 21-79 59 22-73 52 14-35 22
14 80-255 176 74-249 176 36-83 48
5 256-770 515 250-960 711 84-196 113
6 771-2,499 1,729 961-4,999 4,039 197-499 303

Number of
Establishments
With

2,500 or more
employees

14

Number of
Employees 247,001

5,000 or more
employees

314

3,828,271

500'or more
employees

30

154,914

Sources: For distribution of establishments, see text.
For number of employees: County Business Patterns 1965.

From data in Table 35 the effect of the distribution of establishments

according to number of employees on the computation of six optimal strata may be

calculated. The calculations shown in the table determine the best boundaries

in each case. in New York, N. Y., an area with 3.8 million employees and with

270,000 establishments in 1965, the computation of six optimal size strata has

included establishments with fewer than 5,000 employees. This leaves 34 employer::

with at least 5,000 employees which could be included with certainty. In Richmond,

Virginia, which had 150,000 employees and 8,800 establishments in 1965, there were 30
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establishments with 500 or more employees; these establishments constitute the

certainty strata for this area. Since the six strata were computed for estab-

lishments with fewer than 500 employees, the strata are much finer than the

ones derived for the New York metropolitan statistical area.

D) n : The Sample Size in Stratumg

In this section, optimal sample sizes for Rochester, N. Y., are

determined by the procedure outlined in Chapter IV, Section B. The analysis

demonstrates that sample sizes must be changed as job vacancy rates vary among

areas, if a constant level of reliability is to be attained.

By way of illustration,the table below gives immediate job vacancy rates

for standard metropolitan statistical areas surveyed by the Department of Labor in

1965 and 1966.

Table 36. Estimated Rate of Current Job Vacancies by Area, April 1, 1966 and
April 15, 1965

SMSA
Estimated Total Current Job Vacancy Rate(a)

April 1, 1966 April 15, 1965

Baltimore 2.0(b) 1.1
Birmingham 1.1 0.9
Charleston, S. C. 1.9 2.1
Charleston, W. Va. 0.7 0.9
Chicago 1.7 1.1

Hartford 3,7 Not available
Kansas City 1.1 0.6
Los hIgeles ]..5 0.9
Miami 1.8 1.1

Milwaukee 1.7 1.7

Minneapolis-St. Paul 2.4 1.3
New York 1.4 1.0

Portland, Ore. 1.4 1.0

Richmond, Va. 2.2 2.0

(a) Estimated number of vacancies as a per cent of the sam of estimated current
employment and vacancies.

(b) May 1966.

Source: U. S. Department of Labor, Report on 1966 Job Vacancy Surveys, May 10, 1967.
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According to this table, the range of the job vacancy rate lies between 3.7 for

Hartford in 1966 and 0.6 for Kansas City in 1965.

The NICB surveys of Rochester, N. Y., found a vacancy rate there in 1965

of approximately 3.0, a. figure which, however, cannot be considered comparable to

the estimates given in the Department of Labor surveys, since the NICB surveys

estimated both immediate vacancies and those with a fu starting date. The

NICB survey data are used here to determine sample sizes which estimate vacancies

with a coefficient of variation of 0.05 and of 0.10. This computation requires

estimates of the variability of vacancies and of the cost per firm for each stratum

defined.

The cut-off point for the computation of six optimal size strata neces-

sarily varies from one area to another. In Rochester, N. Y., an area with 250,000

employees and 12,500 establishments in 1965, firms with fewer than 2,500 employees

were included in the computation presented in Table 35, while in Richmond, Va.,

for example, the six strata were computed from establishments with fewer than 500

employees. The optimal boundaries for Rochester, N.Y., must be modified to conform

with the size strata actually selected for the NICB sample. This must be done to

arrive at estimates of the element variance which can be derived only for the

strata originally chosen or for any combination of them.

The following size strata approximate the boundaries found in Table 35

and will be used here to compute optimal sample sizes.

Size

Group
Number of Employees of Establishments

(on the selection date)

1 7 or fewer (or of unkncwn size)
2 8 to 19

3 20 to 49
4 5o to 249

5 250 to 749
6 75o to 2,499

7 2,500 or more

107



V-7

Each size stratum is substratified into two industry groups to produce

fourteen size-industry strata. The two industry groups used are the same as

those defined in Chapter IV.

Industry
Group Industry of Establishment

A Durable manufacturing, construction, and trade

B Nondurable manufacturing, public utilities,
finance, services, and government

For each size-industry stratum the element standard error and cost

per firm are computed, and the results are shown in Table 37.
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These data may also be used to estimate sample sizes which would meet

established levels of reliability if job vacancy rates were 2.5, 2.0, 1.5, or

1.0. However, such estimates would be valid onl; if th' distribution of estab-

lishments, the variability of vacancies, and the cost per firm coincided with

the ones for Rochester, 'T. Y. Nevertheless, the computation serves to point up

the increased size of samples necessary to obtain the sere level of reliability

for estimates of a population with a. smaller number of total vacancies than in

Rochester in 1965.

Table 38 gives the optimal sample sizes for the three 1965 NICB surveys

and the estimated cost for each sample based on the element standard error and

cost per firm shown in Table 37. The variations between the estimated sample

sizes for each of the three quarterly observations shown in this table may be

due to seasonal or to sampling variations.

If seasonal variations in the patterns of job vacancies by stratum are

significantly different, optimal samples should be chosen by selectihg the largest

sample size in each stratum. If it is assumed that the fourth quarter (for which

no data are available) would not differ significantly from the three estimates

actually obtained, a sample so chosen would insure that the estimates of vacancies

meet the specified reliability requirements. For example, in Table 39 such

samples are given for the vacancies of Rochester in 1965, which correspond to v.

job vacancy rate of 3.0, approximately.
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Table 38. Optimal Sample Sizes for Estimating Total Job Vacancies in
Rochester, 1965, and for a Job Vacancy Rate of 1.5

Number of Establishments in Optimal .ample for (a)
Job Vacancy Rate of Rochester, 1965

(Approximately 3.0) Asslimed Job Vacancy Fate: 1.5
Month Coefficient of 7ariation Coefficient of Variation
and 0.05 0.10 0.05 0.10

Number of Industry Group(b) Industry Group Industry Group industry Group
Employees A B A B A B A B

February
0-7 127 134 47 49 348 367 131 138
8-19 71 19 26 7 194 53 73 20

2c-49 90 15 33 5 247 40 93 15
50-249 34 3o 12 11 92 82 35 31

250-749 12 31 4 11 30 44 12 32
750-2,499 4 14 2° 5 10 17 4 14

2,500 or more 9 4 9 3 9 4 9 4

Total

Total Cost

May

..._....--,,,-..

594

$9,497

134 47

77 37
41 25
47 37
14 21

12 7

9 3
'---0.---..---..----

,.......-,-.....
224

$5,584

46 16
27 13
14 9
16 13

5 7

14 3
9 2e

s--.....--w.

..........-,,,-.......,

1,537

$17,248

360 127
208 98
110 68
125 98
30 44

16 17

9 4

.......,-...._,

611

$9,6,1

148

85 40
L5 23

51 40

15 23

14

9 3

0-7
8-19

20-49
50-249

250-749
750-2,499

2.500 or more

Total 511 184 1,314 561

Total Cost $8,692 $5,097 $16,575 $9,233

August
0-7 198 58 75 22 543 158 201 53

8-19 100 40 38 15 273 109 101 40

20-49 46 23 17 9 126 64 47 24

50-249 29 36 11 14 80 98 30 36
250 -749 11 42 4 16 29 44 11 43

750-2,499 13 8 5 3 16 17 13 9
2,500 or more 9 3 8 2e 9 14 9 3

,-...---.-. ............---, .........- ........---,-,--
Total 616 239 1,570 625

Total Cost $9,557 $5,257 $17,619 $9,697

(a) Formulas 1 and 5, Chapter IV, are used to d-Aermine optimal sample sizes.
(b) For definition of industry groups see Table 9, footnote(b).
(c) The number of establishments in this stratum was increased to two, the minimum number

necessary to compute an estimate of the variance.

Source: Based on data from all units that responded to the NICB surveys.
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Table 39. Largest Optimal Sample Size of Each Stratum for Estimating Total Job
Vacancies Found in Rochester, with Coefficients of Variation of 0.05
and 0.10

Size of
Reporting Unit

(Number of
Employees)

Coefficient of Variation of 0.05
Number of Firms in Industry

Group(a)
A

Coefficient of Variation of 0,10
Number of Firms in Industry

Group
A

0-7 198 134 75 49
8-19 100 40 38 15

20-49 90 25 33 9
50-249 47 37 16 14

250-749 42 5 16
750-2,499 13 5 5

2,500 or more 9 4 9 3

Total

Total Cost

767 292

$11,223 $6,256

(a) for definition of industry groups see Table 9, footnote (b).

Source: Based on Tables 37 and 38.

The sample size thus obtained in Table 39 for a. coefficient of variation of 0.05

would include 150 more establishments than the largest optimal sample given in

Table 38 for a job vacancy rate of 3.0. The cost would also be increased by about

$1,700 to a total of $11,200. Furthermore, if an estimate of vacancies with a

coefficient of variation of 0.10 is all that is required, a sample of 292 establish-

ments would be sufficient and the cost would be lowered to approximately $6,300.

On the other hand, the assumption can be . )de that the three quarterly

estimates given in Table 38 differ from one another due only to sampling varia-

bility, so that the sample to be used should be an average of the three quarterly

observations. the results of this procedure for various job vacancy rates are

shown in Table 40. For an area like Rochester a sample of 574 establishments

would thus provide estimates of vacancies with a coefficient of variation if 0.05.

The cost of this sample is estimated at $9,200, which is less than the estimated

cost of an NICB survey for the number of establishments which were included in the
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1965 samples, yet it included about 170 more firms. In other words, an optimal

sample design for Rochester would include a. larger number of small establishments,

which have a smaller unit cost, and would cover a. smaller number of large estab-

lishments (250-2,499 employees) than the NICB sample.

These illustrative computations demonstrate that, to provide the desired

precision in estimates, the total sample size must necessarily be increased as the

job vacancy rate declines. The size of the labor area, (as measured by the number

of establishments) also influences the size of the sample to be used. The data

presented in Table 40 are only applicable to a labor area similar to Rochester as

regards establishments, variability of vacancies, and cost per firm. Nonetheless,

our data illustrates the relation of the sample size to:

a) the job vacancy rate and/or

b) the required reliability of the estimates

In synthesis, the lower the vacancy rate in an area, the larger will be the sample

size needed to meet requirements of reliability, and the less stringent the relia-

bility requirements, the smaller the size of the sample needed. Therefore, a

sample of 1,000 establishments would be adequate to measure vacancies with a

coefficient of variation of only 0.10 if the vacancy rate were 1.0, yet for a

vacancy rate of 2.0, this same sample size would estimate vacancies with a co-

efficient of variation of 0.05.

Summary

The design of an optimal sample for job vacancy surveys in a specific

area should take into account:

1) the numter of establishments (sampling units),

2) tLe distribution of establishments into strata according to numbe of
employees and industry,

3) the differences among strata in vacancy variability and in survey cost
per firm, and

4) the job vacancy rate.
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Tabulations have been furnished showing optimal size strata for three

different areas: Nev York, N. Y., Rochester, N. Y., and Richmond, Va. Illus-

trative computa+ions demonstrate that the size of establishments in an area will

determine both the cut-off point for that stratum which comprises the largest

establishments to be sampled with certainty and those optimal boundaries which

are to be used in defining each size stratum. The suggested method for determin-

ing stratum boundaries can easily be applied to areas not previously surveyed,

since it is based on the distribution of establishments by number of enployees,

such data being readily available.

The data compiled in the NICB surveys have been used to compute optimal

sample sizes for a range of possible job vacancy rates. In this connection it has

been shown that sample sizes for an area like Rochester quadruplr as the vacancy

rate diminishes from 3.0 to 1.0 in estimating total vacancies a coefficient

of variation of 0.05. For any area, as the job vacancy rate dimin'-hes, larger

samples must be used to estimate the corresponding number of vacs ies with the

same reliability.

A less stringent requirement of reliability for vacaL is reduces sample

sizes. For example, while a vacancy rate of 2.0 requires a of 1,000 to

estimate vacancies with a coefficient of variation of 0.05, a sa of 400 would

be sufficient for a coefficient of variation of 0.10.
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Appendix Ai ROOFS 0 . MI ; Uf % .
lo;

__N AN V RI ,Ap NAN T Ca' qt-

To prove that formula (7) is an unhiased estimate of

equation (6), Chapter IV, when simple random samples are

chosen separately from two strata and afterwards collapsed

to form one stratum, consider the population with values:

111 121 lkil 112 722 "' lk
2
2

Stratum 1 Stratuir, 2

N = N
1

N
2 is the total size of the population. From

the population select a simple random sample of size n1

from stratum 1 and a simple random sample of size n2 from

stratum 2. Denote the sample values as follows:

Yll Y21 Y n 1 1 2 2 2 " ' n 2 2
1 2,

Stratum Stratum 2

n = n
1

n
2

is the total size of the sample selected

from strata 1 and 2.

The element standard error of the population, S
2

, is:

2

E
S2 1 L Y2

i:_1

i=1

i.

r N
E y2

N

WI t E -(1=1 i 2 Yilrj)

)
N

11C



A-2

N
Y N4-.7 /1 YiYi

R1E=1 i
is j

Consider the following:

(i)

En
1

)2( E

n
2

E Y4] E Y-11 (Y4 0)21
-1=1 J. ..

The maximum number of possible samples which include ni

elements from stratum 1 and n2 elements from stratum 2 are:

(Ni) (
N
2\

1
/n n

-)

The number of samples which include a particular elements

i of stratum 1 are:

N
1
-1 N

(
n

) (
n

1 2

The number of samples which include a particular element i

of stratum 2 are

(N2-1.)
1 2
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Therefore,

and

n N
1 Elfy 12

+ `

2t 12
17- 1 11' ' 12/1 i=1 2 1=1

n
1 N n N

2
Ervi (Y )2 + (7i2) 2)] = El (Y lf (
Liv n

1 1
il n2 1=E1 =1

i

1E1
yi

=

= m E Y24
" 1=1

2' J

( 2 )

An unbiased estimate of the first term of equation (1) is

1 rN 1 ,
1

2 , N2r\
N (Yil)

2
+

17-1- ` Yi21
1 1=1 2 i=1

To find an unbiased estimate of the second term of

equation (1) we note that: (a) The number of samples includ-

ing two distinct elements i and j from stratum I are

( 3

1-
( :2 )
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(b) The number of samples including two distinct element

\
and J from stratum 2 are (N1- ) /No

.

-2-

(c) The number of samples including an element i from

stratum 1 and an element J from stratum 2 are

(N21N
n1 - n2-1)

n

E YiYj]
1

itj

22)

N
1

E y Y,
1
-Fr

j
1

4.1

N2

E Yi2
'j2

14.1

N N

(n (nP
1

. N

\N? 1]) E
1

E

N2

Yj2)n
2
-1 i=1 j=1

Ji

(n1 ) (nP
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n (n -1)
N
2n (n -1) N1

2 2 E Y 2i2Y
111(N1-1) 14j

n1

Then

1 2
E E
1=1 `j=1 u

_r 2 /111(141-1) n1 N
2
(N2

-1) n2

E YilYil ( ) E Y
1

n2 n2-1 2Y j2

i*J 1#.1

+ n

Ti

n E
i

Y cE

2

Yj2))3
2 1=1 =1

NE

N
2 1 .

N2 .
2 iYY i-EYY 4 (EYOLEY2).1NO4-1) L 11 j1

1
12 j2 i=1

3
j

4.1 1* .5

2
11(N-1) El. YiYj

itj

(4)
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Therefore,

2 IN1(N1-1) N
2
(N

2
-1) n2

11(N-1)Lni(ni-a)
, E

n2(n2-1) '12°412

iti i*J

N
1

1

n
1

n
2

( E Yi) E Y 2)]1=1 j=1

2is an unbiased estimate of. NTN.L.i) E YiYj , which is the

i4J

second term of equation (1).

Note that:

(5)

n
1

n
1
-1

nl
nl 2 hi

2 E yagii = 2 E Yu cEi+1 (iE=13ril) "I.E.0.(Yil)2 (6)1 1 i=1
itj

If formula (6) is substituted into (5), and formula (5) and

(3) are considered together, we have shown that for collapsing

two strata:

A-1 (141 nl no

El..n
(Y402 + (y )21 3-

1 1=1 -- n2 jE, 12 J N(N71) x

lnl
N -1 'nl 2 ni

( N
1 NyE N2 (N2

1 nl- 1=1
n2
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n n
N N

nl

ri r
2 2

r
2

t., 12 1 4.

2
1 2 ( E -

IN Yi21 l'i2! ' iii 1.12.1.31.
i=1 1=1

n
2

)1.] 2
E y = s (
J=1 J2/

Therefore,..an unbiased estimate of S2 , when simple random

samples are selected from two strata and we collapse these

to form one stratum, is s
2 where

r-Ni
nl

2 N2 12(y
A LW' n' 2 i=1

i2
1 1=1

N N
n

+ 2n1 . 2 (E1 yi) (E
2
y

17- i j2i
1 2 i=1 i=1

121
i21

1=1

(8)

The following proves that equation (7) of Chapter IV is a con

sistent estimate of S2 :

N

1'

N1
f /

141 Yi2l "2Yi2

,

1 {LEN
1

11
Y ) El Y2

i=1 1.1 1 =1 it

N
2

+ E Yi
1=1

N
2 , 1

N
2

-EYi2 +2(EY .EYi a
1=1 1=1 1=1
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0
N
2

1
71

ft 1:14 M 2 2
= 1)-0N-1)LE1 41 +Ey j+E1Y:;., +

i=1 i=1 i2 i-1 i-1

N
2

- E Y
11

+ r Yi
1=1 1=1

E Y -
i

EY =S2 .

1=1 1

To prove that equation (11) of Chapter IV is an unbiased

estimate of equation (10), the element covariance, consider

the following:

S

N
E D

1E
Xi)

=1 i=1
Y

1 1
X Y

i.

N - 1

N N N
E X Y EXY +EXYii i i 1 131=1 1=1

iti

N - 1 N(N-1)

1 N
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An unbiased estimate of the first term of equation (9), when

simple random samples are selected fronf two strata separately

yktich we collapse later to form one stratum, is:
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T2 1',lx12Y12) '
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To find an unbiased estimate of the second term in equation

(9) consider:
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is an unbiased estimate of the second term in equation (9).

Notice that

n
1
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1
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(13)

If we use identity (13) and the results found in (12) and

(11), an unbiased estimate of equation (9), when two strata

are being collapsed, is:
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To prove that equation (11) of Chapter IV is a consistent

estimate of the element covariance, equation (10), consider

the following:
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Therefore, if simple random samples are chosen from two

strata separately, an unbiased and consistent estimate of

the element covariance of the stratum formed by collapsing

the two strata is s
xy'

defined in equation (14).
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