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FOREWORD

The National Occupational Exposure Survey (NOES) was a nationwide 
observational survey conducted in a sample o f nearly 5,000 estab lishm ents from 
1981-1983. The goal o f the NOES was to compile data on the types o f p o ten tia l  
exposure agents found a t the workplace, and the kinds of sa fe ty  and health  
programs which had been Implemented a t the p lant le v e l .  The sample of 
estab lishm ents included in the survey was designed to  represent those segments 
of American industry covered under the Occupational Safety  and Health Act 
of 1970.

This volume d escr ib es the method used to  s e le c t  the sample of p lan ts to  be 
surveyed, and the estim ation  techniques used to  p roject survey data to  
n ational estim a tes .



ABSTRACT

The National Occupational Exposure Survey (NOES) o f 1981-1983 was 
in i t ia t e d  by NIOSH to  address a c r i t i c a l  and continuing need fo r  
inform ation on nationwide pattern s o f occupational exposures to  p o ten tia l  
h ealth  hazards. The NOES co n sisted  o f o n -s it e  ob servational surveys in a 
sample o f nearly  5,000 estab lishm ents which had been se le c te d  to  represent 
most sec to rs  o f the American workforce covered by the Occupational Safety  
and Health Act.

A tw o-stage sampling s tra teg y  was employed to  con struct the sample of 
estab lishm ents to  be surveyed. The f i r s t  stage  resu lted  in the s e le c t io n  
of 98 geographical a rea s , or primary sampling u n its . The geographical 
areas chosen in the f i r s t  stage  had r e la t iv e ly  higher concen trations of 
th ose In d u stries  which were included in the ta rg e t population . The second 
stage  o f sampling produced l i s t s  o f estab lishm ents to  be surveyed in the 
f ir s t - s t a g e  geographical area s . Establishm ents with 2,500 or more 
employees were not included in the f i r s t  stage  o f sam pling, and were 
trea ted  sep arate ly  in order to  m aintain more nearly equal p r o b a b ilit ie s  of 
s e le c t io n  across estab lish m en ts.

F ir s t  stage  s e le c t io n  o f geographical areas was accomplished by random 
s e le c t io n  from s tra ta  defined by geography, number o f em ployees, and 
concentration  o f estab lishm ents included in the ta rg e t population . Second 
stage  s e le c t io n  of estab lishm ents employed system atic sampling from a l i s t  
of estab lishm ents ordered by number o f employees and Standard Ind u stria l 
C la s s if ic a t io n  (SIC ). The second stage sample was enlarged by 25 p ercent, 
and estab lishm ents In th is  enlarged sample were screened by telephone to  
determine e l i g i b i l i t y  fo r  in c lu sio n  in the survey. A to ta l o f 4 ,490  
estab lishm ents were u lt im a te ly  surveyed in the NOES. S u b stitu tio n s  were 
made for  estab lishm ents which f e l l  o u tsid e  the scope o f the survey, and 
in sp ectio n  warrants were obtained and enforced where necessary . The 
e f f e c t iv e  refu sa l rate  among estab lishm ents se le c te d  for  in c lu sio n  in the  
survey was 0 .3  percent.

Two stages o f ra tio  estim ation  were used in the process o f p rojectin g  
survey data to  national s t a t i s t i c s .  Variances of the estim ates were 
ca lcu la ted  using the method o f balanced repeated r e p lic a t io n s .
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I I I .  INTRODUCTION

The National I n s t itu te  for  Occupational S afety  and Health (NIOSH) Is 
charged w ith developing inform ation on the types and ex ten t o f exposures 
to  occupational health  hazards ( 1 ) .  To develop data o f th is  typ e, NIOSH 
has carried  out two o n - s it e  ob servational surveys of a sample of 
f a c i l i t i e s  rep resen ta tiv e  of se le c te d  segments of American workplaces. 
The f i r s t ,  the National Occupational Hazard Survey (NOHS), was conducted 
by NIOSH from 1972 to  1974. The second was the National Occupational 
Exposure Survey (NOES) conducted by NIOSH between 1981 and 1983. To a 
great e x te n t , the NOES was designed to  provide r e su lts  which could be 
compared to  th ose obtained from the NOHS.

The NOES is  a response by NIOSH to  the continuing need for  inform ation  
on nationwide patterns o f occupational exposure to  health  hazards. This 
rep ort, second in a s e r ie s  o f reports based on the NOES, d e ta i l s  the  
development o f the sample d esig n , s e le c t io n  of sample estab lish m en ts, 
and the s t a t i s t i c a l  methodology developed to  make n ational p ro jection s  
from data obtained by surveying a p ro b a b ility  sample o f w orksites and 
p o ten tia l workplace hazards. Volume I ,  National Occupational Exposure 
Survey -  Survey Manual, d e ta iled  f ie ld  g u id e lin e s  and the actual 
q u estion n aire  used in the NOES ( 2 ) .

In summary, the o b je c tiv e s  o f the NOES were:

1. For se le c te d  in d u str ia l s e c to r s , to  develop estim ates o f the number 
of workers p o te n t ia lly  exposed to  chem ical, p h y sica l, and b io lo g ic a l  
agents;

2. To develop data th a t d escrib e  the nature and ex ten t o f th ese  
p o ten tia l exposures to  health  hazards and the degree to  which 
bu sin esses have Implemented programs to  reduce occupational health  
problems; and

3. To compile data such th a t a n a ly s is  o f in d u str ia l hazard exposure 
trends would be p o ss ib le  by comparison with s im ila r  data c o lle c te d  
in NOHS.

The ta rg e t population was defined as employees working in estab lishm ents  
or job s i t e s  located  1n the United S ta te s  reporting e ig h t or more 
employees a t the time o f the survey, and w ith a primary a c t iv i t y  or lin e  
of bu sin ess on a l i s t  of ta r g e t Standard In d u str ia l C la s s if ic a t io n  codes 
(SICs) ( 3 ) .  An estab lishm ent was defined as an economic u n it , gen era lly  
a t a s in g le  lo c a t io n , where b u sin ess , s e r v ic e , or in d u str ia l a c t iv i t i e s  
were performed.^

Development and Implementation o f the NOES sample design was done under 
NIOSH contract no. 210-80-0057 to  W estat, Incorporated, R o ck v ille ,
Haryland.

The terms estab lish m en t, f a c i l i t y ,  firm , and w orksite are used 
interchangeably in th is  report.
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A. Development o f the 1972-1974 Survey: The NOHS

Sampling methodology in the NOES was g en era lly  based on a design  
used fo r  the NOHS. The NOHS involved a tw o-stage s e le c t io n  
procedure w ith s t r a t i f i c a t io n .  In th a t survey, primary sampling 
u n its  (PSUs) were defined from the 247 Standard M etropolitan  
S t a t i s t ic a l  Areas (SMSAs) in  1970 and cer ta in  urban area s. Each PSU 
defined a geographic c lu s te r  o f bu sin ess and in d u str ia l 
esta b lish m en ts. The sample co n sisted  o f 67 PSUs se le c te d  with  
p ro b a b ility  proportional to  s i z e ,  i . e . ,  proportional to  the number 
of estab lishm ents in defined s tr a ta .

Establishm ents w ith in  the 67 PSUs were s t r a t i f ie d  by p ro b a b ility  o f  
s e le c t io n  o f the PSU, number o f em ployees, and SIC code, and 
in d iv id u a l estab lishm ents were se le c te d  for  f ie ld  in terv iew  using  
system atic s e le c t io n . A sample s iz e  o f 4 ,636 f a c i l i t i e s  was 
determined in th is  manner.

Further d e ta i ls  concerning sample s e le c t io n  and a n a ly s is  for  the 
NOHS is  described in Volume II of the NOHS s e r ie s ,  'Data E diting and 
Data Base Development' (4 ) .

B. 1981-1983 NOES Sampling Strategy

The NOES a lso  used a tw o-stage sampling stra teg y  for  most o f the  
sample. The f i r s t  stage  o f sampling involved s e le c t io n  o f a sample 
of 98 PSUs. PSUs in the NOES were defined across a l l  50 s ta te s  
rather than only  as SMSAs as was done in  the NOHS. This is  one 
reason why more PSUs were se le c te d  1n the NOES than 1n the NOHS.
With the exception  o f samples o f very large estab lishm ents drawn 
ir r e sp e c t iv e  o f geographic lo c a tio n , the interview ed sample was 
confined to  th ese  98 PSUs. S t r a t if ic a t io n  o f PSUs was based on 
geography, number o f em ployees, and concentration  o f estab lishm ents  
operating in s e le c t  in d u s tr ie s . The second stage  (w ith in  PSU) 
s e le c t io n  fo r  estab lish m en ts was done using a system atic s e le c t io n  
procedure. Very large estab lishm ents (2 ,500  or more employees) were 
treated  sep arate ly  in order to  m aintain more nearly  equal 
p r o b a b ilit ie s  o f s e le c t io n  across estab lish m en ts.

The SIC codes o f firm s e l ig ib le  for  th is  survey are shown in 
Appendix A. Establishm ents w ith e ig h t or more employees and 
conducting bu sin ess w ith in  th is  s p e c if ic  s e t  o f SICs (c a lle d  the 
"target SICs") were considered to  be in -scope in the NOES. 
E stablishm ents with e ig h t or more employees only were considered for  
com parability  with the NOHS and because accu rately  surveying  
estab lishm ents w ith le s s  than e ig h t employees would have been 
d i f f i c u l t .  Coverage o f con stru ction  and manufacturing 
estab lishm ents was emphasized in the NOES by d efin in g  th ese  SIC 
c a teg o r ie s  to  include a broad range o f SICs, w hile finance  
estab lishm ents as w ell as mining and mineral processing  
estab lishm ents were excluded from i t .
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The interview ed sample was designated in two s tep s: (1) a sample of
7,392 estab lishm ents was contacted by telephone to  id e n t ify  those  
estab lishm ents th at were in the scope of the study; and (2) those  
estab lishm ents id e n t if ie d  in (1) were v is ite d  and surveyed. A to ta l  
of 4 ,490 estab lishm ents had complete f ie ld  in terview s in the NOES.

Figure 1 i s  an o u tlin e  of the sampling stra teg y  follow ed in the 
NOES. A to ta l of 604 PSUs were defined for  the sampling p rocess. 
PSUs were defined geograp h ica lly  with the county as the primary 
u n it . Some PSUs co n sisted  of a s in g le  county, e . g . .  Orange County, 
C a lifo rn ia . Other PSUs were made up of cou n ties  th at co n stitu ted  a 
SMSA in 1980, which in a few cases crossed s ta te  boundaries: e . g . ,
C incinnati SMSA c o n s is t in g  of Dearborn County, Indiana; Boone, 
Campbell, and Kenton Counties in Kentucky; and Brown, Clermont, 
Hamilton, and Warren cou n ties in Ohio. The 604 PSUs included  
446,125 estab lishm ents e l ig ib le  for the survey.

The 604 PSUs were s t r a t i f ie d  in to  98 s tr a ta . The purpose of 
s t r a t i f ic a t io n  was to  obtain groups of PSUs which were of equal s iz e  
and were homogeneous with respect to  var iab les  of in te r e s t  in the 
NOES. Some of the c r i t e r ia  used for  designing s tra ta  included: 
proportion of employees in firm s where high p o ten tia l exposure to  
health  hazards might be found ( e . g . ,  chem ical, rubber, or lea th er  
in d u s tr ie s ) ,  geography (census reg io n ), and SMSA or non-SMSA. The 
98 s tra ta  co n sisted  of 26 se lf -r e p r e se n t in g  (SR) s tr a ta , made up of
1 large PSU each, and 72 n o n -se lf-rep resen tin g  (NSR) s tra ta  made up 
of the remaining 578 PSUs.

The s e le c t io n  of estab lishm ents with le s s  than 2,500 employees was 
done from 98 PSUs, one from each of the 26 SR and 72 NSR s tr a ta .  
These 98 PSUs are l i s t e d  in Appendix B. A system atic sample of 
estab lishm ents in each o f the 26 PSUs making up the SR stra ta  was 
designated  to  be in terview ed . Samples were se le c te d  independently  
across estab lishm ent s iz e  c la s s e s ,  where s iz e  was defined as the 
s iz e  of the workforce a t th at work s i t e .  PSUs in the 72 NSR stra ta  
from which estab lishm ents were to  be se le c te d  were chosen as a 
random sample w ith p ro b a b ility  o f s e le c t io n  proportional to  the 
number of estab lishm ents contributed by th at PSU to th a t stratum , 
i . e . ,  the measure of s iz e  of th a t PSU. One PSU was chosen from each 
NSR stratum . System atic s e le c t io n  of estab lishm ents in each NSR PSU 
was then done using methods id e n tic a l to  those for s e le c t in g  
estab lishm ents from SR PSUs.

The sample of estab lishm ents employing 2,500 or more employees was 
designated  without regard to  sampling from PSUs. Samples in each of 
the s iz e  ca teg o r ies  with th ese  employee le v e ls  were determined using 
system atic s e le c t io n  of a l l  firms nationwide with 2,500 or more 
em ployees.

Sample estab lishm ents were contacted by telephone to confirm that 
those estab lishm ents had enough employees and operated in an 
appropriate SIC to  be included in the survey, and would p a r tic ip a te  
in i t .  This sample was known as the 'screen in g 1 sample and 
co n sisted  of 7,392 estab lish m en ts. A fter screen in g , 4,504
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FIGURE 1. OUTLINE OF SAMPLING STRATEGY 
NOES 1981-1983

604 PSU (446,125 estab lishm ents)

98 Strata (estab lish m en ts with  
le s s  than 2,500 employees)

578 PSU

26 S elf-R ep resen ting  (SR) 72 Non-
Strata  (1 PSU/Stratum) Self-R ep resen tin g  (NSR)

Strata

large estab lishm ents  
(more than 2,499  

employees)

System atic s e le c t io n  of 
estab lishm ents in each 

s iz e  category

Random s e le c t io n  of PSUs, System atic s e le c t io n  
p ro b a b ility  o f s e le c t io n  of estab lishm ents  

proportional to  s iz e

System atic s e le c t io n  of 
estab lishm ents in each 

s iz e  category

7,392 estab lishm ents in ta rg et

telephone screen ing

4,490 in -scope estab lishm ents with 
completed Interview s
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estab lishm ents were designated for  f ie ld  in terv iew  of which a l l  but 
125 o f th ese  estab lishm ents were in terview ed . S u b stitu tes  were 
found for 111 of the 125, making the to ta l number o f completed 
in terview s 4 ,4 9 0 . The e f f e c t iv e  refu sa l rate o f estab lishm ents for  
p a r tic ip a tio n  in the NOES was .3  percent.

Two stages of r a t io  estim ation  were used in the estim ation  p rocess. 
Variances of estim ates were ca lcu la ted  using the method o f balanced 
repeated r e p lic a t io n s .

Much of the sample s e le c t io n  was carried  out as a computer 
operation . National estim ates were a lso  determined using a computer 
softw are package.
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IV . SAMPLE DESIGN

L istin g s from the Bureau o f the Census p u b lica tion  County Business 
Patterns -  1978 (CBP) provided data needed to  e s ta b lish  sampling r a te s ,  
w hile l i s t in g s  from the 1980 Dun and B radstreet Market Inventory (OMI) 
were used to  s e le c t  estab lish m en ts. Supplementing th ese  l i s t s  for  
com pleteness was considered , but was not done because o f the co sts  
involved and ex ten siv e  coverage o f the DMI. The in i t i a l  screening  
operation was done to  s e le c t  a sample o f estab lishm ents employing elgTtt 
or more employees and operating in one o f the Standard In d u stria l 
C la s s if ic a t io n  (SIC) (3) codes covered by the NOES. This screen ing was 
carried  out as a telephone survey which Id e n tif ied  estab lishm ents s t i l l  
in business and e l ig ib le  for  the survey during the 1981-1983 data 
c o lle c t io n  period . The sampling plan attempted to  produce minimum 
variance for  a fix ed  c o st  by considering s tra ta  determined by number of 
employees a t the w ork site .

The design  o f NOES made use o f p rior  experience from the NOHS. The NOHS 
data provided guidance as to  the method o f s t r a t i f ic a t io n  and most 
e f f i c i e n t  sampling ra tes in s tr a ta .

A. Sources of Data fo r  the Sampling Frame

The design  of NOES was based on inform ation from the Bureau o f Census 
p u b lica tion  County Business P attern s, 1978 (CBP) ( 5 ) .  The CBP was 
used to  estim ate the number o f estab lishm ents and s iz e  of the  
workforce in estab lishm ents in each PSU. Information on ind iv idu al 
estab lish m en ts' s iz e  and lo ca tio n  was supplied by the Dun and 
B radstreet Market Inventory (DMI) ( 6 ) .  The DMI is  a well-known and 
w idely  used in d u str ia l d irec to ry  s e r v ic e . H is to r ic a lly  b u sin esses  
were l i s t e d  1n the f i l e  so as to  e s ta b lish  c r e d it  r a tin g s . Thus the  
l i s t  does not represent a l l  U.S. in d u s tr ie s . A sp ec ia l e f fo r t  has 
been made by Dun and B radstreet to  expand the OMI f i l e  in order to  
have more complete l i s t in g s  of esta b lish m en ts, however, and the DMI 
1s considered c lo se  to  com plete.

An examination o f the com pleteness o f the DMI was made before  
d ecid ing  on i t s  use in the NOES. Establishm ents in the fo llow in g  SIC 
groups were found to  have DMI to  CBP employee r a tio s  o f le s s  than
0 .9 ;  i . e . ,  presumably ten percent under-representation  was found in  
the DMI f i l e :

451 & 452 - Air tran sp ortation
481 - Telephone communication 
491 -  E lectron ic  ser v ic e s
493 -  Combination e l e c t r i c ,  gas and oth er ser v ic e s  combined 

5541 -  G asoline ser v ic e  s ta t io n s  
7231 - Beauty shops 
7241 - Barber shops
7299 - M iscellaneous personal ser v ic e s
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Since supplementing the DMI l i s t  to  cover th ese  SICs was considered  
beyond a v a ila b le  resources and the DMI already was q u ite  ex ten siv e  in  
coverage o f most SIC groups included in the survey, the coverage 
provided by the DMI was considered w ithout supplem entation. See 
Appendix C for  more d iscu ssio n  on th is  p o in t.

B. D efining the Target Population

The ta rg e t population was defined as those estab lishm ents or job  
s i t e s  located  in the 50 s ta te s  reporting e ig h t or more employees and 
having as a primary a c t iv i t y  one o f the ta r g e t SICs l i s t e d  in  
Appendix A.

As i s  the case w ith any sample survey, in feren ces from the sample 
data are r e s tr ic te d  to  the ta rg e t population . The fo llow in g  poin ts  
provide a d escr ip tio n  of the ta rg e t population .

Establishm ents included:

•  Those located  in m etropolitan and other urbanized areas of the  
United S ta tes  in 1980 and which were s t i l l  w orksites during the  
1981 to  1983 period of data c o l le c t io n .

•  Those reporting e ig h t or more employees in the 1978 CBP and 1980 
DMI f i l e s ,  provided th at th ese  estab lishm ents were s t i l l  1n 
bu siness and operating during the period o f data c o l le c t io n .

Establishm ents excluded:

•  Establishm ents engaged in a g r icu ltu ra l production, any mining 
a c t iv i t y  except o i l  and gas e x tr a c tio n , ra ilroad  tra n sp o rta tio n , 
p riva te  households, finance in s t i t u t io n s ,  and a l l  Federal, S ta te , 
and municipal government f a c i l i t i e s .

Within each PSU, estab lishm ents were c la s s i f i e d  by number of 
em ployees. Eleven s iz e  c la s s e s  were defined as fo llo w s: 8 -1 9 ,
20-49 , 50-99, 100-249, 250-499, 500-999, 1000-1499, 1500-2499, 
2500-4999, and 5000+ em ployees, and those for  which employment to t a ls  
were not a v a ila b le  from the DMI. The two la r g e s t  ca teg o r ie s  were 
trea ted  sep ara te ly  from the o th ers , s in ce  they represented a 
su b sta n tia l expenditure o f time for  the surveyor teams and would 
a f f e c t  c a lc u la tio n  o f variances of the survey r e s u lt s .

C. D erivation of the Sample Design

Methods of optim izing the sample design for  a survey ty p ic a l ly  
involve e s ta b lish in g  a c o st  fu n ction  for  the study, expressing  the 
sampling variance, and so lv in g  the equation which w il l  produce the 
minimum variance for  a fix ed  c o st  ( 7 ) .  This approach was an 
o v ers im p lif ic a tio n  o f the needs fo r  the NOES because i t  assumed there  
was a s in g le  s t a t i s t i c  whose variance i s  to  be minimized. There were 
severa l d if fe r e n t  types o f s t a t i s t i c s  for  which estim ates were needed
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from th is  survey and q u ite  d if fe r e n t  sample designs could have been 
chosen depending on which s t a t i s t i c  was considered to  be o f g r ea te s t  
Importance.

Much o f the a n a ly s is  in the 1972-1974 NOHS referred to  
Indu stry-b y-in dustry  breakdowns. For th ese  kinds o f a n a ly ses , the 
samples o f in d u str ie s  should have approxim ately equal r e l i a b i l i t y .  
This would lead to  a sample design w ith roughly equal sample s iz e s  by 
ind ustry . On the other hand, an e f f i c i e n t  sample fo r  a n a ly s is  of 
s t a t i s t i c s  fo r  a l l  in d u str ie s  combined would require th at the sample 
s iz e  in each in d u str ia l sec to r  be proportional to  th a t s e c to r 's  
con trib u tion  to  the to ta l  number o f estab lishm ents e l ig ib le  for  the 
survey.

A second problem a r is e s  from the in te r e s t  in data on the  
d is tr ib u tio n s  o f both estab lishm ents and employees. An e f f ic ie n t  
sample design  for  s t a t i s t i c s  on employees would use higher sampling 
rates fo r  larger  estab lishm ents than fo r  sm aller ones. For 
s t a t i s t i c s  on esta b lish m en ts, however, the number o f p la n ts , rather  
than th e ir  s i z e ,  would be im portant.

The sample design developed fo r  NOES maximized the r e l i a b i l i t y  o f 
estim ates o f numbers o f em ployees. Although estim ates o f f a c i l i t i e s  
are a v a ila b le  using the methodology developed in NOES, breakdown by 
Industry or data on the number o f firm s w ith s p e c if ic  c h a r a c te r is t ic s  
was assign ed  lower p r io r ity  in developing the sample d esign .

1. The Cost Function

A c o s t  fu n ction  expressing  the to ta l  c o s t  as the sum of c o sts  
over employee s iz e  s tr a ta  was f i r s t  determ ined. The c o s t  w ith in  
a s iz e  stratum was equal to  the product o f the number o f sample 
estab lish m en ts and the average c o st  o f Interview ing the 
esta b lish m en ts. Average c o sts  were expressed as number of 
person-hours required fo r  th at s iz e  group.

This c o st  fu nction  recognizes only the u n it c o sts  and the to ta l  
c o s t  fo r  those a sp ects  o f the survey th at are d ir e c t ly  a ffec te d  
by the sample s iz e .  The number o f PSUs does not en ter  the co st  
fu n ctio n . There are severa l reasons for  t h i s .  F ir s t ,  the co st  
o f d esign atin g  the sample o f estab lish m en ts, a major portion of 
which would in volve the use o f the te lep hon e, would be d ir e c t ly  
rela ted  to  the number o f sample estab lishm ents and would have 
l i t t l e  r e la t io n sh ip  to  the number or lo ca tio n  o f the PSUs.
Second, the co st o f surveyor trave l between PSUs was assumed to  
be r e la t iv e ly  small and concentrated during weekends and would 
not Influence the to ta l  c o s t  based on person hours during the  
regu lar week. Third, the time a team would be assigned  to  a PSU 
was r e s tr ic te d  to  below a 30-day maximum because o f Federal 
government r e s tr ic t io n s  on per diem reimbursement. These 
co n d ition s meant the number o f PSUs would have l i t t l e  impact on 
the to ta l  survey c o s t ,  and so the number o f sample PSUs was s e t  
as large as a d m in istra tiv e ly  f e a s ib le .  A large number o f PSUs 
a ls o  reduces the component o f variance a r is in g  from the sampling 
o f PSUs.

8



T h e  c o s t  f u n c t i o n  w as  d e f i n e d  a s :

w h e r e

C -  T h e  t o t a l  c o s t .

Ca  =  T h e  c o s t  p e r  s a m p l e  e s t a b l i s h m e n t  i n  t h e  a ^ ^
e m p l o y e r  s i z e  c l a s s .

a  ^  E m p l o y e e  s i z e  c l a s s ,  1 t o  1 0 ,  s e e  T a b l e  1 .

n a  = T h e  n u m b e r  o f  s a m p l e  e s t a b l i s h m e n t s  s e l e c t e d  i n  t h e

a ^ h  s i z e  c l a s s .

T h e  t e r m  Ca  i n  t h e  c o s t  f u n c t i o n  i s  t h e  t o t a l  n u m b e r  o f  p e r s o n  

h o u r s  o f  s u r v e y o r  t i m e  p e r  e s t a b l i s h m e n t  i n  t h e  s u r v e y  i n  t h e

a t h  s i z e  c l a s s .  T h e s e  u n i t  c o s t s  v a r i e d  a c c o r d i n g  t o  t h e  s i z e

o f  t h e  e s t a b l i s h m e n t  a n d  w e r e  t a k e n  f r o m  a  t a b u l a t i o n  o f  a v e r a g e  

s u r v e y o r  h o u r s  p e r  e s t a b l i s h m e n t  b y  s i z e  c l a s s  e x p e r i e n c e d  i n  

t h e  N O H S .  T h e y  a r e  l i s t e d  b y  e m p l o y e e  s i z e  c l a s s  i n  T a b l e  1 .

I t  w a s  a s s u m e d  t h e  a m o u n t  o f  t i m e  r e q u i r e d  t o  s u r v e y  a  s a m p l e

f i r m  w o u l d  b e  s i m i l a r  t o  t h e  e x p e r i e n c e  i n  t h e  N O H S .  T h e  t o t a l

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

m o r e - o r - l e s s  f i x e d  c h a r g e s  t h a t  d i d  n o t  v a r y  d i r e c t l y  w i t h  

m o d e r a t e  c h a n g e s  i n  t h e  s a m p l e  s i z e ;  f o r  e x a m p l e ,  w r i t i n g  

s p e c i f i c a t i o n s  a n d  c o m p u t e r  p r o g r a m s  f o r  d a t a  p r o c e s s i n g ,  

o v e r h e a d  c o s t s ,  t h e  c o s t  o f  h i r i n g  a n d  t r a i n i n g  s u r v e y o r s ,  e t c .

T h e  t o t a l  o f  a l l  d i r e c t l y  r e l a t e d  c o s t s  o f  t h e  s a m p l e  w a s  t a k e n  

a s  t h e  t o t a l  n u m b e r  o f  p a i d  p e r s o n  h o u r s  t o  s u p p o r t  a  p r o p o s e d  

n u m b e r  o f  s u r v e y o r s  w o r k i n g  f o r  a n  e x p e c t e d  s u r v e y  p e r i o d  o f  t w o  

y e a r s .  T h i s  i g n o r e d  t h e  c o s t  o f  t r a v e l  a n d  a l l  f i x e d  c o s t s .  I t  

a l s o  m e a n t  t h a t  o t h e r  c o s t s  e x p e c t e d  t o  v a r y  w i t h  t h e  s a m p l e  

s i z e  w e r e  a s s u m e d  t o  b e  s m a l l  a n d  n o t  i m p o r t a n t  i n  d e t e r m i n i n g  

t h e  s a m p l e  s i z e .  F o r  e x a m p l e ,  t h e  t o t a l  c o s t  o f  t e l e p h o n e  

s c r e e n i n g  w a s  a s s u m e d  n o t  t o  b e  i m p o r t a n t l y  a f f e c t e d  b y  

v a r i a t i o n s  i n  t h e  a l l o c a t i o n s  o f  t h e  s a m p l e  a m o n g  s i z e  c l a s s e s ,  

o r  b y  m i n o r  c h a n g e s  i n  t h e  n u m b e r  o f  s a m p l e  c a s e s .

A n  a v e r a g e  n u m b e r  o f  2 1  s u r v e y o r s  w e r e  e x p e c t e d  t o  b e  a v a i l a b l e  

f o r  t h e  s u r v e y  p e r i o d .  T h e  s u r v e y o r s  w e r e  t o  b e  a s s i g n e d  t o  

f i v e  t e a m s ,  a n d  e a c h  t e a m  w a s  t o  h a v e  a  t e a m  l e a d e r .  B e c a u s e  o f  

t i m e  s p e n t  i n  t e a m  s u p e r v i s i o n ,  e a c h  l e a d e r  w a s  a s s u m e d  t o  

p r o d u c e  8 0  p e r c e n t  o f  t h e  p r o d u c t i o n  o f  t h e  o t h e r  t e a m  m e m b e r s .  

E a c h  t e a m  m e m b e r  w a s  t o  w o r k  a  4 0  h o u r  w e e k  f o r  4 8  w e e k s  o f  t h e  

y e a r ;  t h e  r e m a i n i n g  f o u r  w e e k s  w e r e  t o  b e  t a k e n  u p  b y  a n n u a l  a n d
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TABLE 1.  SAMPLING RATES AND EXPECTED DI STRI BUTI ON OF SAMPLE OF ESTABl ISH1ENTS
NOES 1 9 8 Ì - 1 9 8 3

A v e r a g e

E mp l oy e e  Number  o f  Nunfcer  o f  S u r v e y  n u n b e r  o f  R e l v a r i a n c e  S a m p l i n g  o v e r s a n p l i n g  F a c i l i t i e

s i z e  c l a s s  e m p l o y e e s  e s t a b l i s h m e n t s 1 c o s t  ( h r s . ) 2  e m p l o y e e s  f a c t o r s  i n t e r v a l  r a t i o  i n  s a m p l e

Na Ca  p e r  f a c i l i t y  k a  f a na

1 8 - 1 9 2 3 7 , 4 4 5 3 . 1 8 1 2 . 4 2 1 9 9 . 5 3 0 1 . 0 1 , 1 9 0

2 2 0 - 4 9 1 1 4 , 5 0 8 4 . 2 8 3 2 . 4 1 1 2 5 . 2 5 0 1 .5 93 9 14

3 5 0 - 9 9 4 4 , 5 6 7 5 . 8 2 7 1 . 7 1 6 6 . 0 3 0 3 . 0 2 2 6 7 5

4 1 0 0 - 2 4 9 3 0 , 6 0 1 8 . 6 6 1 5 8 .1 1 3 6 . 5 2 0 5 . 4 6 4 8 38

5 2 5 0 - 4 9 9 1 0 , 8 8 7 1 4 . 3 6 3 4 9 . 9 1 2 1 . 2 6 0 9 . 3 8 4 5 12

6 5 0 0 - 9 9 9 5 , 0 5 5 2 6 . 7 9 6 9 0 . 1 1 1 4 . 7 0 0 1 3 . 57 6 3 44

7 1 0 0 0- 1 49 9 1 , 4 2 4 4 9 . 7 8 1 , 2 0 0 1 1 1 . 5 8 0 1 7 . 2 3 5 123

8 1 5 0 0 - 2 4 9 9 9 06 6 6 . 5 2 1 , 9 0 0 1 8 . 3 8 9 2 3 . 7 8 5 108

9 2 5 0 0 - 4 9 9 9 5 20 8 6 . 1 6 3 , 5 0 0 1 5 . 5 4 5 3 5 . 9 8 4 9 4

10 5000► 2 12 1 8 9 . 2 5 9 , 2 5 0 2 2 . 1 9 0 9 1 . 1 1 0 97

11 N o t  A v a i l a b l e Unknown Unknown Unknown 1 1 9 9 . 5 3 0 1 . 0 0 0 Unknown

T o t a l  4 4 6 , 1 2 5  4 , 8 9 5

* Ba se d on  t a b u l a t i o n  o f  CBP c o u n t y  s u m n a r y  r e c o r d s  f o r  1978.

^  P e r s o n  h o u r s  p e r  e s t a b l i s h m e n t  r e q u i r e d  t o  i n v e s t i g a t e  f a c i l i t i e s  i n  NOHS.
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s i c k  l e a v e  a n d  h o l i d a y  t i m e .  F o r  a  2 4  m o n t h  d a t a  c o l l e c t i o n  

p e r i o d ,  t h e  h o u r s  c o n t r i b u t e d  b y  t h e  f i v e  t e a m  l e a d e r s  w o u l d  b e :

( 5  l e a d e r s )  x  ( 4 0  h o u r s )  x  ( 4 8  w e e k s )  x  ( 2  y e a r s )  x  ( . 8 )  =  

1 5 , 3 6 0  h o u r s ,

a n d  f r o m  t h e  r e m a i n i n g  1 6  t e a m  m e m b e r s :

( 1 6  m e m b e r s )  x  ( 4 0 )  x  ( 4 8 )  x  ( 2 )  =  6 1 , 4 4 0  h o u r s .

T h e  t o t a l  f o r  a l l  2 1  s u r v e y o r s  =  7 6 , 8 0 0  p e r s o n  h o u r s .

T h e s e  a s s u m p t i o n s  t u r n e d  o u t  t o  b e  o n l y  a  r o u g h  a p p r o x i m a t i o n  o f  

t h e  a c t u a l  s u r v e y  c o n d i t i o n s .  T h e  p e r i o d  o f  d a t a  c o l l e c t i o n  w a s  

a b o u t  3 2  m o n t h s  r a t h e r  t h a n  t h e  p r e d i c t e d  2 4 .  A l s o ,  t h e  s u r v e y

f o r c e  b e g a n  i n i t i a l l y  w i t h  o n l y  11 s u r v e y o r s ,  r o s e  t o  1 5  a f t e r

5  m o n t h s ,  a n d  t h e n  f l u c t u a t e d  b e t w e e n  1 0  a n d  2 2  f o r  m o s t  o f  t h e  

r e m a i n i n g  s u r v e y  p e r i o d .  T h e  s i z e  o f  t h e  f i e l d  s t a f f  m e a n t  t h a t  

s u r v e y o r  t e a m s  d i d  n o t  f u n c t i o n  a s  e x p e c t e d .  C o s t s  i n  t e r m s  o f

h o u r s  t o  s u r v e y  p l a n t s  f o r  N O E S  w e r e  a l s o  f o u n d  t o  d i f f e r  f r o m

t h e  N 0 H S  e x p e r i e n c e .  T h e  a c t u a l  c o s t s  p e r  e s t a b l i s h m e n t  s i z e  

c l a s s  a r e  d e t a i l e d  i n  V o l u m e  I  o f  t h i s  s e r i e s  ( 2 ) .

T h e  V a r i a n c e  F u n c t i o n

T h e  v a r i a n c e  f o r  t h e  e s t i m a t e d  t o t a l  n u m b e r  o f  e s t a b l i s h m e n t s  

w a s  t a k e n  a s :

2  2  2  _  

o ( Y ' )  *  I  Ha  ( l / n a  -  1 / N a )  S ( Y a )
a  ( 2 )

w h e r e

Y '  *  a  t o t a l ,  e s t i m a t e d  f r o m  t h e  s u r v e y .

N a  -  T h e  t o t a l  n u m b e r  o f  e s t a b l i s h m e n t s  i n  t h e  u n i v e r s e  

o f  s t u d y  1 n  t h e  a t h  e s t a b l i s h m e n t  s i z e  c l a s s .

n a  =  T h e  n u m b e r  o f  e s t a b l i s h m e n t s  i n  t h e  s a m p l e  f r o m  

t h e  a * * 1 s i z e  c l a s s .

S ^ ( Y a )  =■ T h e  e s t i m a t e d  p o p u l a t i o n  v a r i a n c e  o f  t h e  n u m b e r  

o f  e s t a b l i s h m e n t s  w i t h  t h e  c h a r a c t e r i s t i c  y  i n  

t h e  a * * 1 s i z e  c l a s s .

T h e  e s t i m a t e d  v a r i a n c e  ( Y a )  f o r  t h e  a * h  s i z e  c l a s s  i s  
g i v e n  b y :



w h e r e

Y a i  *= T h e  n u m b e r  o f  e m p l o y e e s  h a v i n g  t h e  c h a r a c t e r i s t i c  

Y i n  t h e  i t h  e s t a b l i s h m e n t  i n  t h e  a * h  s i z e  c l a s s .

-  Na
* a  =  (  £  Ya i  ) / N a  i s  t h e  a v e r a g e  n u m b e r  o f  e m p l o y e e s

i = l  w i t h  t h e  c h a r a c t e r i s t i c  p e r  e s t a b l i s h m e n t

i n  t h e  a * * 1 c l a s s .

V a l u e s  o f  S ? ( Y a )  w e r e  n o t  a v a i l a b l e  w h e n  t h e  s a m p l e  d e s i g n  
w a s  d e v e l o p e d .  A l t h o u g h  d a t a  f r o m  NO H S c o u l d  h a v e  b e e n  u s e d  t o  

e s t i m a t e  t h e  v a l u e s  o f  S 2 ( Y a )  f o r  a  s e l e c t e d  s e t  o f  
c h a r a c t e r i s t i c s ,  t h e  t i m e  s c h e d u l e  p r e v e n t e d  w a i t i n g  f o r  t h e s e  

v a r i a n c e s  t o  b e  p r e p a r e d .  I n s t e a d ,  a n  a p p r o x i m a t i o n  i n  w h i c h  

t h e  r e l v a r i a n c e s  o f  d e s i r e d  c h a r a c t e r i s t i c s  w e r e  a s s u m e d  t o  b e  

c o n s t a n t  w i t h i n  m o s t  s i z e  c l a s s e s  w a s  e m p l o y e d  ( 8 ,  9 ) .  T h i s  

a p p r o x i m a t i o n  w a s  b a s e d  o n  e x p e r i e n c e  i n  o t h e r  s u r v e y s .

W i t h  t h i s  a s s u m p t i o n :

r e l v a r i a n c e  =  S ^ ( Y a )  =  c o n s t a n t

I f  t h e  v a l u e  o f  t h e  c o n s t a n t  a n d  m e a n  n u m b e r  o f  e m p l o y e e s  i n  
s i z e  c l a s s  a  w i t h  c h a r a c t e r i s t i c  Y a r e  k n o w n ,  a n  a p p r o x i m a t i o n  

t o  t h e  v a r i a n c e  S ^ ( Y a )  f o r  t h e  a t i l  s i z e  c l a s s  c a n  b e  
m a d e .  T h e  a s s u m p t i o n  o f  a  c o n s t a n t  r e l v a r i a n c e  i s  w e a k e s t  i n  

t h e  l a r g e s t  a n d  i n  t h e  s m a l l e s t  s i z e  c l a s s e s ,  a n d  s o  t h e  

c o n s t a n t  w a s  d o u b l e d  f o r  t h e s e  c l a s s e s .  V a l u e s  o f  t h e  c o n s t a n t  

a r e  a l s o  s h o w n  i n  T a b l e  1 .

T h e  v a r i a n c e  e x p r e s s i o n  d o e s  n o t  i n c l u d e  t h e  c o n t r i b u t i o n  t o  t h e  

v a r i a n c e  t h a t  a r i s e s  b e c a u s e  m o s t  o f  t h e  s a m p l e  w a s  r e s t r i c t e d  

t o  t h e  9 8  s a m p l e  P S U s .  T h e  b e t w e e n  PS U v a r i a n c e  d i d  n o t  n e e d  t o  

a p p e a r  i n  c a l c u l a t i o n s  f o r  o p t i m u m  s a m p l e  s i z e  s i n c e ,  b e c a u s e  

t h e  c o s t  f u n c t i o n  d i d  n o t  a c c o u n t  f o r  t o t a l  n u m b e r  o f  P S U s ,  i t  

h a d  b e e n  d e c i d e d  t o  h a v e  a s  m a n y  s a m p l e  P S U s  a s  p o s s i b l e ,  a n d  s o  

m i n i m i z e  t h a t  c o m p o n e n t  o f  v a r i a n c e  r e s u l t i n g  b e t w e e n  P S U s .

O p t i m u m  a l l o c a t i o n  o f  f a c i l i t i e s  s e l e c t e d  i n  t h e  a * * 1 s i z e  

c l a s s  i s  t h a t  s a m p l e  s i z e  w h i c h  w o u l d  p r o d u c e  m i n i m u m  v a r i a n c e  

a t  t h e  f i x e d  c o s t .  T h e  e q u a t i o n s  i n v o l v e d  a n d  m e t h o d s  o f  
s o l u t i o n  a r e  o u t l i n e d  i n  A p p e n d i x  D .  T h e  o p t i m u m  s a m p l e  s i z e  t o  

b e  s e l e c t e d  f r o m  t h e  a t h  , s i z e  c l a s s  i s  g i v e n  b y :

< Y a ) 2

S 2 ( Ÿ a )  "  c o n s t a n t  x  ( Y a ) 2

(4)

N a S ( Y a ) C

n x

( 5 )

w h e r e  a l l  q u a n t i t i e s  a r e  a s  d e f i n e d  a b o v e .
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I f  v a l u e s  o f  S ( Y a )  f r o m  e x p r e s s i o n  ( 4 )  a r e  s u b s t i t u t e d  i n  
e q u a t i o n  ( 5 ) ,  t h e  v a r i a n c e  c o n s t a n t  t e r m s  c a n c e l  o u t .  O p t i m u m  

s a m p l e  s i z e s  f o r  s i z e  c l a s s  a  t h e n  i n v o l v e  o n l y  t h e  r e l a t i v e  

s i z e s  o f  t h e  v a r i a n c e  c o n s t a n t s  f o r  s i z e  c l a s s  a ,  t h e  m e a n  

n u m b e r  o f  e m p l o y e e s  w i t h  c h a r a c t e r i s t i c  Y ,  t h e  n u m b e r  o f  

e s t a b l i s h m e n t s ,  a n d  u n i t  c o s t s .

S i n c e  t h e  C B P  p r o v i d e d  t h e  m o s t  p r e c i s e  e s t i m a t e s  o f  t h e  c u r r e n t  

n u m b e r  o f  e s t a b l i s h m e n t s  a n d  e m p l o y e e s  i n  t h e  t a r g e t  S I C s ,  i t  

w a s j j s e d  t o  d e t e r m i n e  N a  a n d  Y a .  I n  s o m e  c a s e s  a d j u s t m e n t  

o f  Y a  w a s  n e c e s s a r y ,  h o w e v e r .  T h e  v a l u e s  o f  Ca  w e r e  

e s t i m a t e d  f r o m  N O H S .  T h e  s i z e  c l a s s e s  u s e d  i n  t h e  C B P  r e c o r d s  

d i d  n o t  p e r m i t  t h e  s i z e  c l a s s i f i c a t i o n s  d e f i n e d  e a r l i e r ,  s o  

a p p r o x i m a t i o n s  o f  t h e  C B P  c o u n t s  f o r  t h e  c o r r e c t  s i z e  c l a s s e s  

w e r e  o b t a i n e d  b y  u s i n g  t h e  p r o p o r t i o n s  o f  t h e  e s t a b l i s h m e n t s  

t h a t  a p p e a r e d  i n  t h o s e  s i z e  c l a s s e s  i n  t h e  D M I  f i l e .

S i n c e  N a  w a s  b a s e d  o n  t o t a l  n u m b e r s  o f  C B P  e s t a b l i s h m e n t s ,  t h e  
v a l u e s  o f  n a  t h a t  d e f i n e  o p t i m u m  s a m p l e  s i z e  w e r e  g i v e n  i n  

t e r m s  o f  C B P  e s t a b l i s h m e n t s .  H o w e v e r ,  t h e  i m p o r t a n t  r e s u l t  o f  

t h e  o p t i m i z a t i o n  c o m p u t a t i o n s  w a s  t o  f i n d  t h e  o p t i m u m  s a m p l i n g  

r a t e s  n a / N a  f o r  e s t a b l i s h m e n t s  i n  t h e  a * * 1 s i z e  c l a s s .
T h e s e  r a t e s  c o u l d  t h e n  b e  a p p l i e d  t o  t h e  D M I  f i l e .  P a r a m e t e r s  

u s e d  i n  s e l e c t i n g  t h e  s a m p l e ,  a n d  t h e  e x p e c t e d  n u m b e r  o f  C B P 

e s t a b l i s h m e n t  s e l e c t i o n s  r e s u l t i n g  f r o m  t h e  o p t i m u m  s a m p l i n g  

r a t e s  a r e  g i v e n  i n  T a b l e  1 .  N u m b e r s  o f  e s t a b l i s h m e n t s  i n  e a c h  

s i z e  c l a s s  e x p e c t e d  f r o m  b o t h  t h e  C B P  a n d  D M I  f i l e s  a r e  s h o w n  i n  

T a b l e  3  i n  C h a p t e r  V I .

T h e  a c t u a l  s a m p l e s  f r o m  t h e  D M I  w e r e  e x p e c t e d  t o  d i f f e r  s o m e w h a t  

f r o m  t h e  e x p e c t e d  s a m p l e  t o t a l s  d e r i v e d  f r o m  t h e  C B P  u n i v e r s e  

( s e e  T a b l e  3 ) .  A  n u m b e r  o f  o t h e r  f a c t o r s  a l s o  a f f e c t e d  s a m p l e  

s i z e s  i n  t h e  D M I .  W h e n  t h e  c o m p u t e d  s a m p l i n g  r a t e s  w e r e  a p p l i e d  

t o  D M I  u n i v e r s e  f i l e s  h a v i n g  d u p l i c a t e  r e c o r d s  f o r  

e s t a b l i s h m e n t s  o r  h a v i n g  r e c o r d s  f o r  e s t a b l i s h m e n t s  n o  l o n g e r  i n  

b u s i n e s s ,  t h e  u s u a l  r e s u l t  w a s  a  l a r g e r  s a m p l e  t h a n  e x p e c t e d ;  

h o w e v e r ,  t h e  t e l e p h o n e  s c r e e n i n g  o p e r a t i o n  e l i m i n a t e d  t h e  

o u t - o f - b u s i n e s s  s a m p l e  c a s e s .  S i m i l a r l y ,  w h e n  t h e  i n c o m p l e t e  

f i l e  w a s  s a m p l e d  w i t h  t h e s e  r a t e s ,  i n a d e q u a t e  c o v e r a g e  w a s  

r e f l e c t e d  b y  a  c o r r e s p o n d i n g  s h o r t a g e  i n  t h e  n u m b e r  o f  c a s e s  

s e l e c t e d .  T h e  D M I  f i l e  w a s  e x p e c t e d  t o  h a v e  b o t h  u n d e r - c o v e r a g e  

a n d  m u l t i p l e  l i s t i n g  p r o b l e m s .
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V . PRIMARY SAM PLING U N IT S  (P S U s )

G e o g r a p h i c a l  a n d  s u r v e y o r  w o r k l o a d  r e s t r i c t i o n s  r e s u l t e d  i n  d e f i n i n g  

6 0 4  P r i m a r y  S a m p l i n g  U n i t s  ( P S U s ) .  P S U s  w e r e  m a d e  u p  o f  c o n t i g u o u s  

c o u n t i e s »  p a r i s h e s  i n  L o u i s i a n a ,  c e n s u s  d i v i s i o n s  i n  A l a s k a ,  a n d  i n  

m e t r o p o l i t a n  a r e a s  w e r e  c o m p o s e d  o f  c o u n t i e s  t h a t  m a d e  u p  S t a n d a r d  

M e t r o p o l i t a n  S t a t i s t i c a l  A r e a s  ( S M S A s ) .  T h e  6 0 4  P S U s  w e r e  s t r a t i f i e d  i n t o  

9 8  s t r a t a .  O f  t h e s e  s t r a t a ,  2 6  w e r e  g r o u p e d  i n t o  s e l f - r e p r e s e n t i n g  s t r a t a  

w i t h  o n e  l a r g e  P S U  p e r  s t r a t u m .  T h e  r e m a i n i n g  5 7 8  P S U s  w e r e  g r o u p e d  i n t o  

7 2  s t r a t a ,  c a l l e d  n o n - s e l f - r e p r e s e n t i n g  s t r a t a .  O n e  P S U  f r o m  e a c h  

n o n - s e l f - r e p r e s e n t i n g  s t r a t u m  w a s  s e l e c t e d  t o  r e p r e s e n t  a l l  o t h e r  P S U s  1 n  

t h e  s t r a t u m .  T h i s  s e l e c t i o n  w a s  d o n e  w i t h  p r o b a b i l i t y  p r o p o r t i o n a l  t o  

s i z e .  A  t o t a l  o f  9 8  P S U s  w e r e  s e l e c t e d  f o r  a n a l y s i s  i n  t h e  N O E S .  S a m p l e  

e s t a b l i s h m e n t s  w i t h  l e s s  t h a n  2 , 5 0 0  e m p l o y e e s  w e r e  s e l e c t e d  f r o m  t h e s e  

9 8  P S U s ,  w h i l e  e s t a b l i s h m e n t s  w i t h  2 , 5 0 0  o r  m o r e  e m p l o y e e s  w e r e  s e l e c t e d  

u s i n g  s y s t e m a t i c  s e l e c t i o n  a c r o s s  a l l  6 0 4  P S U s .

A .  D e f i n i t i o n  o f  P r i m a r y  S a m p l i n g  U n i t s

T h e  c o u n t y  w a s  t h e  b a s i c  b u i l d i n g  b l o c k  f o r  P S U s .  T h i s  w a s  d o n e  t o  

e n a b l e  t h e  t e l e p h o n e  i n t e r v i e w e r  a n d  t h e  s u r v e y o r  t o  u s e  a  f a m i l i a r  

b o u n d a r y  f o r  a  P S U .  T h e  D M I  f i l e  u s e d  f o r  s a m p l i n g  e s t a b l i s h m e n t s  

a l s o  r e c o r d s  t h e  c o u n t y  l o c a t i o n  f o r  e s t a b l i s h m e n t s  a s  p a r t  o f  t h e  

a d d r e s s  i n f o r m a t i o n .

T h e  s y s t e m  f o r  d e f i n i n g  i n d i v i d u a l  P S U s  w a s  a l s o  h e a v i l y  i n f l u e n c e d  b y  

t h e  e x p e c t e d  o r g a n i z a t i o n  o f  t h e  s u r v e y o r  s t a f f  a n d  t h e  n u m b e r  o f  

s u r v e y o r s  e x p e c t e d  t o  b e  a v a i l a b l e  f o r  c o n d u c t i n g  i n t e r v i e w s  a t  s a m p l e  

e s t a b l i s h m e n t s .  O r i g i n a l l y ,  a  s t a f f  o f  2 1  t r a i n e d  s u r v e y o r s  w o r k i n g  

i n  f i v e  t e a m s  w a s  e x p e c t e d  t o  c o n d u c t  f i e l d  I n t e r v i e w s  o v e r  a  p e r i o d  

o f  t w o  y e a r s .

A l l  c o u n t i e s  i n  t h e  5 0  S t a t e s  a n d  t h e  D i s t r i c t  o f  C o l u m b i a  w e r e  

c o m b i n e d  i n t o  6 0 4  P S U s  f o r  t h i s  s u r v e y .  S e v e r a l  c o n d i t i o n s  w e r e  

i m p o r t a n t  i n  d e f i n i n g  t h e  P S U s :

1 .  P S U s  a s  C o m b i n a t i o n s  o f  C o u n t i e s

P S U s  w e r e  m a d e  u p  o f  c o n t i g u o u s  c o u n t i e s .  I n  L o u i s i a n a  a n d

A l a s k a ,  p a r i s h e s  a n d  c e n s u s  d i v i s i o n s ,  r e s p e c t i v e l y ,  t o o k  t h e  

p l a c e  o f  c o u n t i e s .  I n d e p e n d e n t  c i t i e s  w e r e  c o m b i n e d  w i t h  

n e i g h b o r i n g  c o u n t i e s .

2 .  M e t r o p o l i t a n  P S U s

P S U s  i n  m e t r o p o l i t a n  a r e a s  w e r e  m a d e  u p  o f  t h e  c o u n t i e s  t h a t

c o m p o s e d  S M S A s  a t  t h e  t i m e  o f  t h e  1 9 8 0  c e n s u s .  I n  s o m e  s m a l l e r

S M S A s ,  a d d i t i o n a l  n o n - m e t r o p o l i t a n  c o u n t i e s  w e r e  a d d e d  t o  p r o v i d e  

s u f f i c i e n t  i n t e r v i e w i n g  w o r k l o a d s .

3 .  N o n - m e t r o p o l i t a n  ( N o n - n n e t r o )  P S U s

P S U s  i n  n o n - m e t r o  a r e a s  w e r e  m a d e  u p  o f  g r o u p s  o f  c o u n t i e s  t h a t  

h a d  c o m m o n  b o u n d a r i e s .  T h e s e  c o u n t i e s  o r  g r o u p s  o f  c o n t i g u o u s
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c o u n t i e s  w e r e  l a r g e  e n o u g h  s o  t h a t  a  s e l f - w e i g h t i n g  s a m p l e  o f  

t h e  s i z e  p l a n n e d  a n d  w h i c h  w o u l d  p r o v i d e  a  s u f f i c i e n t  s u r v e y o r  

w o r k l o a d  c o u l d  b e  s e l e c t e d .

4 .  S t a t e  B o u n d a r i e s  a n d  P S U s

A l t h o u g h  t h e  i n t e n t  w a s  t o  c o n s t r u c t  P S U s  f r o m  c o u n t i e s  w i t h i n  

t h e  s a m e  s t a t e ,  m u l t i - s t a t e  P S U s  d i d  o c c u r  e i t h e r  b e c a u s e  s o m e  

S M S A s  i n c l u d e d  a r e a s  i n  m o r e  t h a n  o n e  s t a t e ,  o r  b e c a u s e  t h e  

a l g o r i t h m  u s e d  t o  a s s i g n  n o n - m e t r o  c o u n t i e s  t o  P S U s  o c c a s i o n a l l y  

i n c l u d e d  p a r t s  f r o m  m o r e  t h a n  o n e  s t a t e .

5 .  S u r v e y o r  W o r k l o a d s

E a c h  PS U w a s  c o n s t r u c t e d  t o  p r o v i d e  e n o u g h  s a m p l e  e s t a b l i s h m e n t s  

t o  k e e p  a  f o u r - p e r s o n  s u r v e y o r  t e a m  b u s y  f o r  a  p e r i o d  o f  t w o  t o  

f o u r  w e e k s .

B .  E s t a b l i s h i n g  t h e  S i z e  o f  t h e  P S U s

T h e  s a m p l e  w a s  d e s i g n e d  t o  i n c o r p o r a t e  a  s e l f - w e i g h t i n g  s a m p l e  

w i t h i n  e m p l o y e e  s i z e  c l a s s e s .  A  s e l f - w e i g h t i n g  s a m p l e  w a s  

d e t e r m i n e d  b y  c o n s i d e r i n g  t h e  p r o b a b i l i t y  o f  s e l e c t i n g  a  s p e c i f i c  

e s t a b l i s h m e n t .  T h e  o v e r a l l  p r o b a b i l i t y  o f  s e l e c t i n g  a n  

e s t a b l i s h m e n t  i s  e q u a l  t o  ( t h e  p r o b a b i l i t y  o f  s e l e c t i n g  t h e  PSU 

c o n t a i n i n g  t h e  e s t a b l i s h m e n t )  t i m e s  ( t h e  p r o b a b i l i t y  o f  s e l e c t i n g  

t h e  e s t a b l i s h m e n t  f r o m  t h e  s e l e c t e d  P S U ) .  F o r  t h e  s i z e  c l a s s  h a v i n g  

t h e  l o w e s t  s a m p l i n g  r a t e  ( i . e . ,  t h e  s i z e  c l a s s  w i t h  t h e  g r e a t e s t  

n u m b e r s  o f  e s t a b l i s h m e n t s ) ,  t h e  s e l f - w e i g h t i n g  s a m p l e  w a s  d e f i n e d  b y  

t h e  f o l l o w i n g  c o n d i t i o n :

M h i  =  T h e  t o t a l  n u m b e r  o f  e s t a b l i s h m e n t s  f o r  t h e  s u r v e y  
i n  t h e  j t h  psu a n d  h t h  s t r a t u m ,  i . e . ,  

a  N h i a f a »  t h e  m e a s u r e  o f  s i z e  o f  t h e  PSU 
i n  t n e  h t h  s t r a t u m .

« h  -  T h e  t o t a l  n u m b e r  o f  e s t a b l i s h m e n t s  i n  t h e  h t i l  
s t r a t u m ,  i . e - . l j  M ^ j .  t h e  m e a s u r e  o f  s i z e  o f  a l l  
P S U s  i n  t h e  h " t h  s t r a t u m .

N h j a  =  T h e  n u m b e r  o f  e s t a b l i s h m e n t s  i n  t h e  U . S .  i n  t h e  
a * h  e m p l o y e e  s i z e  c l a s s  ( a c c o r d i n g  t o  C B P )  i n  

t h e  j ™  PS U i n  t h e  h * ! *  s t r a t u m .

f a  «  T h e  o v e r s a m p l i n g  r a t i o  f o r  e s t a b l i s h m e n t s  i n  t h e  

a * h  s i z e  c l a s s  ( s e e  b e l o w ) .

k  -  S a m p l i n g  i n t e r v a l ,  l / ( n a / N a ) .

( 6 )

w h e r e

15



T h i s  e x p r e s s i o n  1 s  d e r i v e d  i n  A p p e n d i x  E .  T h e  t e r m  ( M h j / M t , )  o n  
t h e  r i g h t  o f  e x p r e s s i o n  ( 6 )  i s  t h e  p r o b a b i l i t y  o f  s e l e c t i n g  t h e  

s a m p l e  PS U f r o m  a m o n g  a l l  P S U s  i n  i t s  s t r a t u m .  T h e  r e m a i n i n g  t e r m  

o n  t h e  r i g h t  d e f i n e s  t h e  p r o b a b i l i t y  o f  s e l e c t i n g  s a m p l e  

e s t a b l i s h m e n t s  f r o m  t h e  s a m p l e  P S U .  F o r  t h e  a t h  s i z e  c l a s s ,  t h e  

f o l l o w i n g  g e n e r a l  e x p r e s s i o n  d e f i n e s  t h e  s a m p l i n g  s y s t e m :

w h e r e  f a  i s  t h e  o v e r s a m p l i n g  r a t i o  f o r  e s t a b l i s h m e n t s  i n  t h e  a * * 1 
s i z e  c l a s s .  T h e  o v e r s a m p l i n g  r a t i o  i s  t h e  r a t i o  o f  t h e  l a r g e s t  

s a m p l i n g  f r a c t i o n  t o  t h e  s a m p l i n g  f r a c t i o n  i n  t h e  a * h  s i z e  c l a s s  

( s e e  C h a p t e r  V I ) .

T h e  t e r m s  o n  t h e  r i g h t  o f  e x p r e s s i o n  ( 7 )  h a v e  t h e  s a m e  m e a n i n g  a s  i n  

( 6 ) ;  t h e  p r o b a b i l i t y  o f  s e l e c t i o n  o f  t h e  PS U i s  t h e  s a m e  b u t  t h e  

p r o b a b i l i t y  o f  s e l e c t i o n  o f  e s t a b l i s h m e n t s  w i t h i n  t h e  PS U r e f l e c t s  

t h e  l a r g e r  o v e r a l l  s a m p l i n g  f r a c t i o n  f a / k  t h a t  a p p l i e s  t o  t h e  

a t h  c l a s s .

T h e s e  c o n d i t i o n s  g a v e  r i s e  t o  t w o  r e s t r i c t i o n s  w h i c h  c a n  b e  

e x p r e s s e d  s t a t i s t i c a l l y .  T h e  w i t h i n  PS U s e l e c t i o n  p r o b a b i l i t y  g i v e n  

i n  ( 7 )  i s  t h e  b a s i s  o f  o n e  c o n d i t i o n :

1 .  T h e  p r o b a b i l i t y  o f  s e l e c t i o n  o f  e s t a b l i s h m e n t s  w i t h i n  P S U s  

s h o u l d  n o t  e x c e e d  1 ;  t h a t  i s :

T h i s  r e s t r i c t i o n  w a s  i m p o s e d ^ s o  t h a t  a  s e l f - w e i g h t i n g  s a m p l e  

c o u l d  b e  o b t a i n e d .  W r i t i n g  f a h j  a s  t h e  v a l u e  o f  f a  f o r  t h e

2 .  A t  l e a s t  t w o  t e a m  w e e k s  o f  e f f o r t  s h o u l d  b e  r e q u i r e d  t o  s u r v e y  

t h e  s a m p l e  e x p e c t e d  f r o m  t h e  P S U .  E x p r e s s e d  a l g e b r a i c a l l y ,  t h i s  

c o n d i t i o n  b e c o m e s :

( 7 )

I t  f o l l o w s  t h a t  t h e  PS U m e a s u r e  o f  s i z e  m u s t  s a t i s f y :

Mh j  -  w h  f a  

k ( 8 )

l a r g e s t  c l a s s  w i t h  a n  e s t a b l i s h m e n t  1 n  t h e  h j t h  PS U e n a b l e d  a  

l o w e r  b o u n d  t o  b e  p l a c e d  o n  t h e  m e a s u r e  o f  s i z e  f o r  t h e  h j * * 1 

P S U :

Mh j  >  Mh * a h j

k ( 9 )
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w h e r e  Ca  i s  t h e  p e r  f i r m  s u r v e y o r  h o u r s  f o r  t h e  a * * 1 c l a s s  
a n d  2 ( 1 3 9 . 7 )  h o u r s  o f  p r o d u c t i v e  s u r v e y i n g  p e r  t w o  w e e k  p e r i o d  

w e r e  e x p e c t e d  f r o m  e a c h  f o u r  p e r s o n  s u r v e y i n g  t e a m .  T h e  r i g h t  

s i d e  o f  t h i s  e x p r e s s i o n  s h o w s  t h e  t o t a l  s u r v e y o r  h o u r s  i n  t h e  

h j t h  P S U  a s  t h e  s u m  o f  t h e  p r o d u c t s  o f  t h e  n u m b e r  o f  s a m p l e  

f i r m s  i n  t h e  c l a s s e s  a n d  t h e  p e r  f i r m  s u r v e y  h o u r s  n e e d e d .  T h e  

n u m b e r  o f  h o u r s  o f  p r o d u c t i v e  s u r v e y i n g  p e r  w e e k  w a s  d e r i v e d  a s  

f o l l o w s :

H o u r s  

P e r  W e e k

S u p e r v i s i o n  ( 4 0  h o u r s  x  . 2 )  =  8 . 0

L e a v e  ( 4  p e r s o n s  x  4 0  h o u r s  x  4 / 5 2  =  1 2 . 3

f r a c t i o n  o f  w e e k s  i n  l e a v e  s t a t u s )

I n v e s t i g a t i o n  ( r e m a i n i n g  h o u r s  o f  w e e k )  =  1 3 9 . 7

T o t a l  ( 4  p e r s o n s  x  4 0  h o u r s )  -  1 6 0 . 0

C o n d i t i o n  2  w a s  u s e d  t o  d e f i n e  a n  u p p e r  l i m i t  o n  t h e  PS U m e a s u r e  

o f  s i z e  a s :

( 1 1

/  " h  \  8
M h t  < / -1 E  f a Na h j C a

[ 2 ( 1 3 9 . 7 ) k y  a - 1

A l t h o u g h  c o n d i t i o n s  1 a n d  2  c o u l d  b e  s t a t e d  e x p l i c i t l y ,  i t  w a s  

n o t  a l w a y s  p r a c t i c a l  t o  a d h e r e  t o  t h e m  r i g i d l y .  F o r  e x a m p l e ,  

t h e  PS U m e a s u r e  o f  s i z e  f o r  s o m e  P S U s  c o u l d  b e  m a d e  l a r g e  

e n o u g h  t o  s a t i s f y  c o n d i t i o n  1 o n l y  b y  d e f i n i n g  P S U s  c o v e r i n g  

e x c e s s i v e l y  l a r g e  a r e a s ,  a n d ,  s o m e  P S U s  h a d  t o  b e  d e f i n e d  w i t h  

m e a s u r e s  t h a t  d i d  n o t  m e e t  t h i s  c o n d i t i o n .  T h i s  p r o b l e m  

o c c u r r e d  f o r  e m p l o y e e  s i z e  c l a s s e s  3  t h r o u g h  8  i n  t h e s e  P S U s  a n d  

w a s  d e a l t  w i t h  b y  a s s i g n i n g  s p e c i a l  w e i g h t s  i n  t h e  e s t i m a t i o n  

p r o c e d u r e  ( s e e  C h a p t e r  V I I I ) .

C .  L o c a t i o n  a n d  S t r a t i f i c a t i o n  o f  P S U s

T h e  g r o u p i n g  o f  U . S .  c o u n t i e s  i n t o  6 0 4  P S U s  f o r  N O E S  w a s  d o n e  1 n  a  

s e r i e s  o f  m a n u a l  a n d  c o m p u t e r  a s s i s t e d  s t e p s  f o l l o w i n g  t h e  

c o n d i t i o n s  s p e c i f i e d  i n  S e c t i o n  A  a n d  c o n d i t i o n s  1 a n d  2  o f  
S e c t i o n  B .

A l l  c o u n t i e s ,  p a r i s h e s ,  a n d  i n d e p e n d e n t  c i t i e s  w i t h i n  t h e  U n i t e d  

S t a t e s  w e r e  l i s t e d  i n  a  c o n t i g u o u s  s e q u e n c e .  T h e  l i s t  w a s  p r e p a r e d  

b y  m a n u a l l y  a s s i g n i n g  s e q u e n c e  n u m b e r s  t o  t h e  c o u n t i e s  o n  a  s e r i e s  

o f  m a p s .  T h e  o r d e r i n g  t r i e d  t o  m i n i m i z e  " c r o s s - o v e r s "  f r o m  o n e  s i d e
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o f  a  s i g n i f i c a n t  g e o g r a p h i c a l  f e a t u r e  t o  t h e  o t h e r  a n d  f r o m  a  s t a t e  

t o  i t s  n e i g h b o r s .  P a r t i c u l a r  c a r e  w a s  t a k e n  t o  m i n i m i z e  c r o s s - o v e r s  

f r o m  o n e  C e n s u s  R e g i o n  t o  a n o t h e r  ( i . e . .  N o r t h e a s t ,  N o r t h  C e n t r a l ,  

S o u t h  a n d  W e s t ,  a s  d e s i g n a t e d  b y  t h e  h u n d r e d s  d i g i t  o f  t h e  PSU 
n u m b e r ,  2 ,  4 ,  6 ,  8  r e s p e c t i v e l y  a s  s h o w n  i n  A p p e n d i x  B ) .

S M S A s  w e r e  d e f i n e d  a s  P S U s .  I n  a  f e w  i n s t a n c e s ,  o n e  o r  m o r e  

a d j a c e n t  n o n - m e t r o  c o u n t i e s  w e r e  a d d e d  t o  s m a l l e r  S M S A s  t o  o b t a i n  

m i n i m u m  PS U s i z e s .  T h i s  w a s  d o n e  i n  a  w a y  t o  m i n i m i z e  ' c r o s s - o v e r s '

A l t h o u g h  e a c h  o f  t h e  v e r y  l a r g e  S M S A s  w a s  t r e a t e d  a s  a  s i n g l e  P S U ,  

f i e l d  i n t e r v i e w i n g  w a s  o c c a s i o n a l l y  a p p o r t i o n e d  t o  m o r e  t h a n  o n e  

t e a m  t o  b e  d o n e  a t  d i f f e r e n t  t i m e s .  F o r  e x a m p l e ,  o n e - h a l f  o f  t h e  

C h i c a g o  S M S A  w a s  s u r v e y e d  b y  a l l  o f  t h e  i n t e r v i e w e r s  a v a i l a b l e  a t  

t h e  s t a r t  o f  t h e  s u r v e y  a n d  t h e  r e m a i n i n g  p o r t i o n  o f  t h e  C h i c a g o  

S M S A  w a s  i n t e r v i e w e d  l a t e r  a s  a  s e p a r a t e  a s s i g n m e n t .

N o n - m e t r o  c o u n t i e s  w e r e  c o m b i n e d  I n t o  P S U s  f o l l o w i n g  t h e  t w o  

c o n d i t i o n s  f o r  s i z e  d i s c u s s e d  i n  S e c t i o n  B .  T h i s  s t e p  w a s  d o n e  

u s i n g  a  c o m p u t e r .  T h e  c o m p u t e r  r e s u l t s  w e r e  v i s u a l l y  I n s p e c t e d  t o  

l o o k  f o r  a w k w a r d  g e o g r a p h i c a l  c o m b i n a t i o n s  t h a t  w o u l d  m a k e  t h e m  

i n a p p r o p r i a t e  a s s i g n m e n t  a r e a s .  A  f e w  P S U s  o f  v e r y  l a r g e  a r e a  w e r e  

g e n e r a t e d  i n  t h e  W e s t e r n  s t a t e s .  C o u n t i e s  i n  t h e s e  s t a t e s  w e r e  

r e s e q u e n c e d  a n d  a  r e v i s e d  s e t  o f  P S U s  w e r e  g e n e r a t e d .  L a t e r ,  w h e n  

o n e  o f  t h e s e  l a r g e  P S U s  ( i n  A l a s k a )  w a s  i d e n t i f i e d  a s  a  s a m p l e  P S U ,  

a  s u b s a m p l e  o f  t h e  PS U a r e a  w a s  s e l e c t e d  t o  p e r m i t  m a n a g e a b l e  t r a v e l  

p a t t e r n s .

S t r a t i f i c a t i o n  o f  t h e  P S U s  w a s  i m p o s e d  s o  t h a t  d a t a  f r o m  t h e  m a n y  

e x p o s u r e  g r o u p s  i n c l u d e d  i n  t h e  S u r v e y  c o u l d  b e  h a n d l e d  e a s i l y .

P S U s  w i t h  s i m i l a r  c h a r a c t e r i s t i c s  s u c h  a s  n u m b e r  o f  e m p l o y e e s  o r  

p r o p o r t i o n s  o f  e m p l o y e e s  i n  c e r t a i n  i n d u s t r i e s  w e r e  g r o u p e d  a n d  

t r e a t e d  a s  a  u n i t  i n  t h e  p r o c e s s  o f  s t r a t i f i c a t i o n .  T h e  6 0 4  P S U s  

d e f i n e d  i n  t h e  N O E S  w e r e  g r o u p e d  i n t o  9 8  s t r a t a .  S e l e c t i o n  o f  

e s t a b l i s h m e n t s  w a s  t h e n  d o n e  f r o m  9 8  P S U s  w i t h i n  t h e  9 8  s t r a t a ,  

r a t h e r  t h a n  f r o m  a l l  6 0 4  P S U s .  S t r a t i f i c a t i o n  a l s o  r e d u c e s  t h e  

v a r i a n c e  b e t w e e n  P S U s  w i t h i n  e a c h  s t r a t u m .  T h e  e f f i c i e n c y  o f  a  

s t r a t i f i e d  d e s i g n  a s  m e a s u r e d  b y  t h e  v a r i a n c e  i s  i m p r o v e d  b y  

d e f i n i n g  s t r a t a  o f  a p p r o x i m a t e l y  e q u a l  s i z e  s u c h  t h a t  t h e  P S U s  

w i t h i n  t h e  s t r a t a  a r e  a s  h o m o g e n e o u s  a s  p o s s i b l e  w i t h  r e s p e c t  t o  t h e  

i m p o r t a n t  s t a t i s t i c s  t o  b e  e s t i m a t e d  f r o m  t h e  s u r v e y .  H o m o g e n e i t y  

o f  P S U s  w i t h i n  s t r a t a  c a n  s o m e t i m e s  b e  i m p r o v e d  b y  u s i n g  g r o u p s  o f  

P S U s  w i t h  s i m i l a r  e c o n o m i c  s t r u c t u r e  a s  s t r a t a .

T h e  r e q u i r e m e n t  t h a t  P S U s  s h o u l d  p r o v i d e  a n  i n t e r v i e w i n g  a s s i g n m e n t  

o f  t w o  t o  f o u r  w e e k s  f o r  a  f o u r  p e r s o n  s u r v e y o r  t e a m  w a s  a n  

i m p o r t a n t  c o n s i d e r a t i o n  i n  d e t e r m i n i n g  t h e  s i z e  o f  t h e  s t r a t a .  T h e  

n u m b e r  o f  s a m p l e  e s t a b l i s h m e n t s  a n d  t h e  a v e r a g e  s u r v e y  c o s t  p e r  

e s t a b l i s h m e n t  s h o w n  i n  T a b l e  1 i n  C h a p t e r  I V  i n d i c a t e  t h a t  t h e  

e x p e c t e d  n u m b e r  o f  s u r v e y o r  h o u r s  f o r  e s t a b l i s h m e n t s  w i t h  2 , 5 0 0  o r  

m o r e  e m p l o y e e s  s h o u l d  h a v e  b e e n  a b o u t  3 5  p e r c e n t  o f  t h e  t o t a l  

s u r v e y o r  w o r k l o a d .  A s  t h e s e  l a r g e  e s t a b l i s h m e n t s  w e r e  t o  b e  

s u r v e y e d  w i t h o u t  r e g a r d  t o  t h e i r  l o c a t i o n ,  t h e y  d i d  n o t  i n f l u e n c e  
t h e  n u m b e r  o f  s a m p l e  P S U s .  S t r a t a  s i z e s  w e r e  t h e r e f o r e  b a s e d  o n
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a p p o r t i o n i n g  t h e  r e m a i n i n g  6 5  p e r c e n t  o f  t h e  7 5 , 2 0 0  h o u r s  ( a b o u t  

4 8 , 4 0 0  p e r s o n  h o u r s )  r e q u i r e d  t o  s u r v e y  e s t a b l i s h m e n t s  w i t h  l e s s  

t h a n  2 , 5 0 0  e m p l o y e e s .

6 1 v e n  1 3 9 . 7  h o u r s  o f  p r o d u c t i v e  s u r v e y i n g  p e r  t e a m ,  p e r  w e e k ,  t h e  

t o t a l  n u m b e r  o f  t e a m  w e e k s  f o r  s u r v e y i n g  e s t a b l i s h m e n t s  o f  l e s s  t h a n  

2 , 5 0 0  e m p l o y e e s  a p p r o x i m a t e s :

4 8 , 4 0 0 / 1 3 9 . 7  =  3 4 5  t e a m  w e e k s

A s s u m i n g  t w o  t o  f o u r  w e e k s  o f  s u r v e y i n g  t i m e  p e r  P S U ,  t h e  a v e r a g e  

w o r k l o a d  o v e r  a l l  P S U s  s h o u l d  b e  t h r e e  t e a m  w e e k s .  T h e n  a n  

a p p r o x i m a t e  d u r a t i o n  ( i n  t e r m s  o f  h o u r s  s p e n t  s u r v e y i n g )  f o r  e a c h  

s t r a t u m  w o u l d  b e  3  w e e k s  o u t  o f  3 4 5  ( o r  a b o u t  1 i n  1 1 5 )  o f  t h e  t o t a l  

s u r v e y  w o r k l o a d  f o r  e s t a b l i s h m e n t s  o f  l e s s  t h a n  2 , 5 0 0  e m p l o y e e s .

T h e  d i s p a r i t y  i n  s i z e  o f  t h e  P S U s  i n t e r f e r e d  w i t h  e s t a b l i s h i n g  

s t r a t a  o f  e q u a l  s i z e s  b e c a u s e  s o m e  P S U s  w e r e  l a r g e r  t h a n  t h e  d e s i r e d  

a v e r a g e  s t r a t u m  s i z e .  T h e  l a r g e s t  o f  t h e s e  P S U s  w e r e  d e f i n e d  a s  

s e p a r a t e  s t r a t a  ( s e l f - r e p r e s e n t i n g  s t r a t a )  a n d  t h e  r e m a i n i n g  P S U s  

w e r e  g r o u p e d  i n t o  s t r a t a  o f  a p p r o x i m a t e l y  e q u a l  s i z e .

S a m p l e  e s t a b l i s h m e n t s  w i t h  l e s s  t h a n  2 , 5 0 0  e m p l o y e e s  w e r e  t o  b e  

d e s i g n a t e d  f r o m  P S U s  w i t h i n  e a c h  s t r a t a .  S i n c e  v e r y  l a r g e  

e s t a b l i s h m e n t s  w i t h  2 , 5 0 0  o r  m o r e  e m p l o y e e s  w e r e  t o  b e  s e l e c t e d  

w i t h o u t  r e g a r d  t o  t h e i r  P S U  l o c a t i o n ,  t h a t  d i d  n o t  i n f l u e n c e  t h e  

s t r a t i f i c a t i o n  p r o c e s s .

P S U s  i n  t h e  s t r a t a  s h o u l d  a l s o  b e  r e l a t i v e l y  h o m o g e n e o u s  w i t h  

r e s p e c t  t o  s t a t i s t i c s  o f  i n t e r e s t  f o r  t h e  s u r v e y .  G r o u p s  o f  P S U s  

w i t h  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  e m p l o y e e s  i n  c e r t a i n  k e y  t a r g e t  

i n d u s t r i e s  t h a t  w e r e  l i k e l y  t o  h a v e  s e r i o u s  a n d  c o m m o n  h e a l t h  

h a z a r d s  w e r e  i d e n t i f i e d .  T h i s  w o r k e d  f a i r l y  w e l l  f o r  m o s t  o f  t h e  

s m a l l  P S U s .  H o w e v e r ,  f o r  P S U s  w h i c h  c o n t a i n e d  a  w i d e  r a n g e  o f  

t a r g e t  i n d u s t r i e s ,  1 t  w a s  n o t  a l w a y s  p o s s i b l e  t o  p r o d u c e  s t r a t a  t h a t  

w e r e  h o m o g e n e o u s  i n  t h i s  r e g a r d .  T h i s  w a s  p a r t i c u l a r l y  t r u e  i n  t h e  

l a r g e r  e m p l o y e e  s i z e  c l a s s e s .  A d d i t i o n a l  s t r a t i f i c a t i o n  c r i t e r i a ,  

i n  a d d i t i o n  t o  e m p l o y e e  c o n c e n t r a t i o n  b y  S I C ,  w e r e  t h e r e f o r e  u s e d .  

T h e  c o m p u t e r  w a s  u s e d  t o  g r o u p  P S U s  a n d  d i s p l a y  t h e  d i s t r i b u t i o n  o f  

P S U s  w i t h  r e s p e c t  t o  t h e  f o l l o w i n g  v a r i a b l e s :

1 .  P r o p o r t i o n  o f  e m p l o y e e s  1 n  e s t a b l i s h m e n t s  w o r k i n g  i n  

m a n u f a c t u r i n g  S I C s .

2 .  P r o p o r t i o n  o f  e m p l o y e e s  i n  e s t a b l i s h m e n t s  w i t h i n  t h e  PSU f a l l i n g  

i n  t h e  l a r g e s t  s i z e  c l a s s e s .

3 .  C o n c e n t r a t i o n  o f  e m p l o y e e s  i n  t h e  p e t r o l e u m  a n d / o r  c h e m i c a l ,  

r u b b e r ,  l e a t h e r  i n d u s t r i e s .

4 .  G e o g r a p h y  -  C e n s u s  r e g i o n .

5 .  S M S A  o r  N o n - S M S A .
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T h i s  l i s t i n g  a l s o  r e f l e c t s  t h e  o r d e r  o f  i m p o r t a n c e  o f  e a c h  v a r i a b l e  

i n  t h e  f o r m a t i o n  o f  s t r a t a .  A s  a  f i r s t  s t e p ,  l a r g e  g r o u p s  w e r e  

f o r m e d  c o m p r i s i n g  P S U s  t h a t  w e r e  s i m i l a r  w i t h  r e s p e c t  t o  n u m b e r s  o f  

e m p l o y e e s  I n  m a n u f a c t u r i n g  a n d  l a r g e  e s t a b l i s h m e n t s .  I f  p o s s i b l e ,  

e m p l o y e e s  1 n  i n d u s t r i e s  t h o u g h t  t o  h a v e  h i g h  p o t e n t i a l  e x p o s u r e s ,  

e . g . ,  p e t r o l e u m ,  c h e m i c a l ,  r u b b e r ,  a n d  l e a t h e r  I n d u s t r i e s ,  w e r e  a l s o  

s i m i l a r l y  c o n c e n t r a t e d .  T h e  m e a s u r e  o f  s i z e  i n  e a c h  l a r g e  g r o u p  

d e t e r m i n e d  t h e  n u m b e r  o f  s t r a t a  t h a t  s h o u l d  b e  p r o d u c e d  f r o m  t h e  

g r o u p .  I f  t w o  o r  m o r e  s t r a t a  w e r e  t o  b e  c o n s t r u c t e d ,  t h e  P S U s  w e r e  

s o r t e d  b y  t h e  f i v e  v a r i a b l e s  i n  t h e  o r d e r  l i s t e d  a b o v e  a n d  t h e n  

d i v i d e d  i n t o  s t r a t a ,  b a s e d  u p o n  t o t a l  m e a s u r e  o f  s i z e  a n d  t h e  

s i m i l a r i t y  a c r o s s  P S U s  f o r  e a c h  v a r i a b l e  a b o v e .

T h e  p r o c e s s  p r o d u c e d  a  t o t a l  o f  9 8  s t r a t a .  T w e n t y - s i x  o f  t h e s e  

s t r a t a  c o n t a i n e d  o n l y  o n e  l a r g e  P S U ;  t h e s e  s t r a t a  a r e  c a l l e d  

s e l f - r e p r e s e n t i n g  ( S R )  b e c a u s e  t h e  s i n g l e  P S U  r e p r e s e n t s  i t s e l f  i n  

t h e  s a m p l e .  T h e  r e m a i n i n g  5 7 8  P S U s  ( 6 0 4  m i n u s  2 6 )  w e r e  g r o u p e d  i n t o  

7 2  n o n - s e l f - r e p r e s e n t i n g  ( N S R )  s t r a t a  h a v i n g  a b o u t  e q u a l  m e a s u r e s  o f  

s i z e ;  t h e  t e r m  NSR w a s  a p p l i e d  t o  t h e s e  s t r a t a  b e c a u s e  o n e  PS U w a s  

s e l e c t e d  t o  r e p r e s e n t  a l l  o t h e r  P S U s  i n  i t s  s t r a t u m .  T h e  f i n a l  

g r o u p i n g s  o f  P S U s  I n t o  s t r a t a  w e r e  d o n e  b y  t h e  c o n t r a c t o r ,  a n d  a r e  

n o t  a v a i l a b l e .

D .  S e l e c t i o n  o f  S a m p l e  P S U s

O n c e  t h e  s t r a t a  w e r e  d e f i n e d ,  a l l  P S U s  w e r e  l i s t e d  b y  s t r a t u m  

s h o w i n g  t h e  PS U m e a s u r e  o f  s i z e .  P r i o r  t o  s a m p l i n g ,  t h e  
s t r a t a  w e r e  c o m p a r e d  t o  l o c a t e  p a i r s  o f  s t r a t a  t h a t  w e r e  c o m p o s e d  o f  

r o u g h l y  s i m i l a r  P S U s .  T h e  p a i r i n g  o f  s t r a t a  w a s  s i g n i f i c a n t ,  s i n c e  

t h e  c o m p u t a t i o n  o f  v a r i a n c e s  d e s c r i b e d  i n  C h a p t e r  V I I I  e m p l o y e d  a  

p a i r e d  s t r a t u m  m e t h o d .

O n e  PS U w a s  s e l e c t e d  a t  r a n d o m  f r o m  e a c h  s t r a t u m  w i t h  t h e  

p r o b a b i l i t y  o f  s e l e c t i o n  f o r  e a c h  P S U  p r o p o r t i o n a l  t o  t h e  m e a s u r e  o f  

s i z e  c o n t r i b u t e d  b y  t h a t  P S U .  T h e  c o m p o s i t i o n  o f  t h e  9 8  P S U s  

s e l e c t e d  f o r  t h e  N O E S  i s  s h o w n  1 n  A p p e n d i x  B .  P a r t s  o f  4 0  S t a t e s  

a n d  t h e  D i s t r i c t  o f  C o l u m b i a  a p p e a r  a m o n g  t h e  s a m p l e  P S U s .
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