


corresponding worker population sizes 
obtained f r o m  off ic ial  records. A 
sub-objective is to evaluate the 
usefulness of worker l i s t  data for 
population estimation when the sources are 
drawn from a different department or work 
group than the target. 

2. To compare estimates from group interview 
generated l ists both to estimates from 
individual interview generated l ists and 
to sizes from off icial  records when the 
number of subjects is the same for both 
individual and group interviews. 

3. (Low priority) To determine i f  group 
output is related to" 
a. Prior individual interviewing of 

members. 
b. Heterogeneity of the group in terms of 

target population membership. 

S T U D Y  D E S I G N  

The study design and protocol are as 
fo I lows: 

7. Two branches within a NIOSH division in 
Cincinnati were selected for convenience, 
to contain costs, and because of the 
availabil i ty of good records. The 
division selected had not undergone major 
reorganization since 1976. Two of the 
three available branches seemed 7ikely to 
be in contact during the normal course of 
work and were selected for the study. The 
population to be estimated was the 
professiona7, non-professional, permanent, 
and temporary staff employed in each 
branch at any time during the period 1976 
to November 1982 ( t h e  date of the 
interviews). The size of each branch 
staff was to be estimated as a logically 
distinct prob7em so that a person who had 
worked in one branch and then worked in 
the other during the period would count 
separately in each population. 

2. Ten ( 7 0 )  subjects, hereafter termed 
listers (groups are also termed Iisters), 
were randomly selected from each branch 
for interviewing to produce---T~sts of 
workers and: 
a. Eight were randomly assigned for 

individual interviews and of these 
--Four were assigned to an all branch 

group for group interviews, 
--Two were assigned to a group with 

two persons from each branch for 
interview, and 

--Two were not assigned to group 
interviews. 

b. Two were randomly assigned to group 
interviews only, and the groups had 
members from both branches. 

3. Individual interviews were done in two 
days. Order of interviewing was 
randomized. Listers were not told whether 
or not they would be group interviewed. 
Listers were asked not to discuss 
interviews with others. 

4. The order of group interviews was 
randomized. The interviewer did not know 
who was to be interviewed until the 
interview began. 

5. Listers were f i r s t  asked to identify 
themselves, their branch of employment, 
and when they were f i r s t  employed in their 
current branch. Next, the l ister was asked 
to name all persons he/she/they could 
recall who had worked in the same branch 
at some time since 1976. They were asked 
to describe persons who they could recall 
by description but not by name. The l ister 
was also asked to recall when the person 
had f i r s t  been employed in the branch and 
when he/she had left  i f  the person was not 
currently employed. Finally, the l ister 
was asked to estimate how well that person 

was known by his/her members of the 
branch. After the l ister could not recall 
any more persons from his own branch, he 
was asked to recall persons who had been 
employed in the other branch and provide 
the information described above. 

6. Listers were reinterviewed, when 
necessary, to identify the names of those 
persons recalled by description but not by 
name. They were shown l ists of names 
recalled by other listers and asked i f  any 
corresponded to those whose names they had 
not remembered. However, persons not 
recalled during the in i t ia l  interview 
could not be added to the l is t .  

This design resulted in 
-Sixteen individua7 interviews, eight 
per branch, 

-Four group interviews with four persons 
per group as follows: 

-Four from branch one; all previously 
individually interviewed, 

-Four from branch two; a]7 previously 
individually interviewed, 

-Two from each branch, hereafter 
termed a mixed group; all previously 
individually interviewed, 

-Two from each branch, hereafter 
termed a mixed group; none previously 
individually interviewed, 

The NIOSH personnel office prepared a l i s t  
of staff for the two branches for the period 
studied. The investigators did not view this 
l i s t  until the analysis had been completed. 

A N A L Y S I S  OF R E S U L T S  

Editing 

The data required extensive editing to 
resolve: 

-differences in name spelling, 
-multiple names for the same person, 
e.g. women who were recently married 
and referenced by their maiden or 
married names or both with a hyphen, 

-persons recalled by description only by 



one or more ]isters and possibly by 
name by one or more other 7isters, and 

-persons apparently listed twice by the 
same respondent. 

The princip7e followed for editing was to 
use only the current staff to resolve such 
problems. 

The names of all individual listers were 
deleted from a71 individually generated 
l ists. Thus, each 7ister samp7es from the 
same population. This would not occur 
otherwise as no 7ister inc7uded himse7f. 
Similiarly, the names of all group members 
were de7eted from all group l ists. 

Methods 

Objectives I and 2 

Accomplishment of objectives l and 2 
required generation of estimates of the size 
of each branch using, respectively, individual 
interview generated and group interview 
generated data after stratifying each branch 
by period of employment as described below. 
These estimates were compared as follows: 

-the estimates from each interview method 
to the sizes from NIOSH records, herafter 
termed the off ic ial  sizes; 

-the estimates obtained from the two 
methods of interviewing were compared 
to each other. 

The basis for stratif ication was the period 
the listed person was employed in his/her 
branch during the per iod f rom 1976 to 
November, 7982 as perceived by the listers. 
The data for this were the ]isters' 
recollections of the person's branch of 
emp7oyment, the y e a r  he/she was f i r s t  
employed, and the year he/she left  i f  the 
person was not current7y emp7oyed. For each 
interview method the medians of the dates of 
entry and departure, respectively, were 
determined for each person listed by at least 
one l ister. These were the perceived periods 
of employment for the persons listed. The 
number of strata and their boundaries were 
chosen to maximize the sizes of the resulting 
groups and to achieve groups which, in the 
judgment of the investigators, would be most 
plausibly homogeneous in terms of probability 
of recall. 

Estimates were generated by methods 
described by Fienberg(7) using the 7oglinear 
frequency analysis program, LOGLIN, written by 
Oliver and Neff(3), as follows. The data were 
the frequencies that any listed person was 
listed or not listed by each combination of 
l isters. These data were arrayed in a k factor 
contingency table in which each factor 
corresponds to a l ister (thus, k is 76 for the 
individual interview method and k is 4 for the 
group interview method) and has two ]eve]s, 
"listed" and "not listed." The frequency for 

the cell corresponding to "not listed by all 
]isters" was, of course, unknown (a structural 
zero). With LOGLIN a loglinear model can be 
f i t  to the observed cells. This model was then 
assumed to f i t  the entire array and i t  was 
used to estimate the frequency of persons not 
listed by any l ister.  The estimate of the 
total population was the sum of the number of 
persons listed by at least one l ister and the 
estimate of those listed by none of the 
listers. 

The following forward stepwise procedure 
was used to empirically and 
parsimoniously - regarding the number of 
parameters included - f i t  a hierarchical model 
to the data. At any step the goodness of f i t  
of the model under consideration was tested 
with a chi-square test using the value of a 
likelihood ratio chi-square stat ist ic 
available as output from LOGLIN. I f  the result 
was not significant at the .05 7eve7,that 
model was used. I f  the result was significant, 
a different mode] was considered. The mode] 
init iat ing the procedure was that positing 
independence among all k l isters. The 
subsequent model at any step, i f  necessary, 
was that hierarchical model with the fewest 
additional parameters which decreases the 
likelihood ratio chi-square the most. I f  the 
model with all k-l factor interactions was 
rejected, then no estimate was possible with 
this method. Unfortunate7y, this method does 
not yield an estimate of the variance of the 
estimator of the population size. 
Fortunately, an alternative method exists to 
produce confidence interva7 estimates and this 
is described below. 

The fo77owing method suggested by Regal(2) 
was used to find a 95 percent confidence 
interval estimate for any desired population 
size. A model was chosen by the procedure 
described in the previous paragraph. First, 
lower and upper boundary points for a 95 
percent confidence interval estimate of the 
number of persons not listed by any 7ister 
were found. These were the values that 
satisfied the fo7lowing condition: such a 
value inserted for the frequency of persons 
not listed by any l ister resulted in an 
increase of 3.84 for the chi-square for lack 
of f i t  for the previously chosen model to the 
fu l l  k-way table. The lower bound was the 
largest such value which was smaller then that 
estimated using the procedure described 
previously. The upper bound was the smallest 
such value which was greater than that 
estimated using the procedure described 
previously. The observed number of persons 
listed by at least one l ister was then added 
to those boundary values to obtain the 
boundary values for the 95 percent confidence 
interval estimate of the desired population. 

Estimates were compared to off ic ial  values 
in two ways: (1)The 95 percent confidence 
interval either did or did not include the 
off ic ial  value; and (2) The point estimate was 
either lower than, equal to, or higher than 



the of f ic ia l  value. The f i r s t  comparison tends 
to indicate the accuracy of the method while 
the second tends to indicate the bias of the 
method, especially i f  a definite pattern is 
apparent for several such comparisons 
involving the same interview method. Two 
methods were compared by comparing the results 
of their respective comparisons to o f f ic ia l  
values and by comparing the widths of the 95 
percent confidence intervals. However, 
comparison of widths of confidence intervals 
can be misleading as small widths may be the 
result of greater departure from the 
assumptions, part icularly that regarding equal 
sampling probabilit ies over the population for 
any l is ter .  

The usefulness of including l isters from 
outside the target population was evaluated in 
two ways: (I) By comparing estimates using 
individual interview generated l is ts including 
the outside l isters to those computed without 
using the outside l isters;  and (2) By 
comparing the numbers of persons l isted, i. e. 
the sizes of the l is ts ,  by l isters for their 
own branch to the corresponding sizes of l is ts 
for the other branch. Both sets of comparisons 
must be interpreted cautiously. The f i r s t  
because the estimates made with the outside 
l isters were based on twice as many l is ts as 
those made without the outside l is ters.  The 
second because l i s t  size is only one factor 
affecting the precision of the resulting 
estimates. 

Objective 3 

The effect of prior interviewing on group 
output was estimated as the difference between 
the total number of persons listed by the 
mixed group whose members had been interviewed 
individually before the group interview and 
the corresponding total for the mixed group 
whose members were not individually 
interviewed. The effect of including persons 
from both branches in the same group on group 
output was estimated as the difference between 
the sum of the total number of persons listed 
by the two mixed groups and the corresponding 
total sum for the remaining two groups. 

R E S U L T S  

Completion of the interviews 

Individual interviews typical ly required 
about one hour and the 16 interviews were 
completed in two days. A third day was used 
for reinterviews to secure names of recalled 
but unnamed persons in the original 
interviews. Group interviews typical ly 
required 2 hours and the four group interviews 
were completed in two days. 

L i st s i zes 

The l i s t  sizes, or the numbers of persons 
recalled during the 16 individual interviews 

are shown in Table l by perceived branch (that 
is, the branch of the recalled person as 
recalled by the l is ter)  of the listed persons 
and by the branch of the l i s ter .  The 
corresponding information for the group 
generated l is ts is shown in Table 2. In either 
case, as might be expected,it is 
evident - with the single exception of 
l is ter  6 in branch l - that l i s t  size or 
l i s t  output is greatest when the l is ter  
recalls persons from his/her/their own branch 
as opposed to the other branch. However, this 
does not necessarily imply that "outside" 
staff are poor sources of information. Also, 

as was expected, the l i s t  output of the groups 
was higher than that for the individuals. This 
does not, however, imply superiority of group 
generated l is ts as there are only 4 group 
l is ts for each branch while there are 16 
individually generated l is ts for each branch. 

The group output d a t a  provide point 
estimates which are relevant to the third 
objective. First ,  the mixed branch group 
whose members had been previously interviewed 
produced larger l is ts than the mixed branch 
group which had not been previously 
interviewed. Th is  suggests that interviewing 
persons individually prior to the group 
interview tends to increase output, which 
seems reasonable. Second, the two mixed 
branch groups produced larger (combined) l is ts  
than the two homogeneous groups, although much 
of this difference is attributable to the low 
output of one of the latter groups. Thus, the 
evidence - which could be only suggestive at 
best - does not provide an answer to the 
question of whether group output is increased 
or decreased i f  i ts members are selected from 
an "outside" work population in addition to 
those from the population of interest. 

Strat i f icat ion 

Strat i f icat ion was done independently with 
the group and with the individual data. 
Because of the sma l l  output for both 
individuals and groups, i t  seemed desirable to 
keep the number of strata as small as possible 
so two were tr ied. Stratum I was defined as 
al l  current staff,  or al l  those persons with a 
median termination date of 1982. A few 
persons actually terminated in 1982 were 
included as "current staff" .  Stratum 2 was 
defined as al l  former staff or those with a 
median termination date of 1981 or before. 
This choice was motivated in part because 
estimation of the size of the current staff 
can usually be done by several methods while 
estimation of former staff is usually more 
d i f f i cu l t .  This produced strata that seemed 
large enough for analysis. 

Estimation of Branch Staff Size by Stratum 

The estimates produced by analysis of the 
data are shown in Table 3 by branch and 
stratum and by method of data generation, i .e. 
group generated or individually generated 



l i s t s .  The th i rd  set of estimates shown in 
Table 3, labeled "Mod. Indiv idual , "  are those 
obtained from individual interview generated 
data using only l i s te rs  from the target 
branch. The sizes of the target populations 
obtained from NIOSH personnel records are also 
shown in Table 3. The last column of Table 3 
provides a br ie f  descriptor for the model 
f i t t e d  to the data. "Indep." indicates that 
independence among the l i s te rs  was not 
rejected. Otherwise, the complexity of the 
model f i t t e d  is denoted by the number and type 
of interactions in the model. 

In every case for the ind iv idua l ly  
generated data the 2 to the 16th power layout, 
which has more than 65,000 ce l ls ,  was too 
large for pract ical  analysis with LOGLIN or 
almost any standard contingency table analysis 
program. However, with so many cel ls  and so 
few cases, analysis was feasible only i f  
independence among the 16 samplings was 
assumed. An approximate test of  that model 
was developed as fol lows. The 8 l i s te rs  from 
each branch were randomly divided into two 
sets of four each. A model  assuming 
independence among the four l i s te rs  was f i t  to 
the four-way layout for each set. Lack of f i t  
to independence was not s t a t i s t i c a l l y  
s ign i f icant  at the .05 level for any set of 
four l i s te rs  for ei ther branch or stratum. 
This made i t  possible to analyze the data 
using the model that each of the 16 l i s te rs  
'conducted' independent Bernoull i  Censuses of 
the target populations. A description of the 
method is found in Wittes(1). The resul t ing 
point and 95 percent confidence interval  
estimates are shown in Table 3. In a l l  cases 
the lower bound of the confidence interval  is 
higher than the size indicated by NIOSH 
records. 

In a l l  cases except one the lower bound of 
the 95 percent confidence interval estimates 
generated from the group l i s t s  is higher than 
the size indicated by NIOSH records. The 
exception is the current s ta f f  of branch 1 for 
which the interval includes only the one 
integer value indicated by NIOSH records. 

Comparison of Group and Ind iv idual ly  Generated 
Estimates 

I f  the population size provided by NIOSH 
records is used as the target,  i t  appears that 
both methods tend to overestimate the 
population size. I t  also appears that in 
general the ind iv idua l ly  generated l i s t  data 
produces estimates which appear to have less 
bias and variance than that produced by group 
samplings. 

Results from Modified Ind iv idual ly  Generated 
Data 

When the "outside" l i s te rs  are not used the 
estimates appear improved in a l l  cases" point 
estimates are closer to the values indicated 
by NIOSH records and confidence intervals are 
narrower. 

Further Analysis of Lists 

The comparison of estimates to target 
values, as indicated by NIOSH records, was not 
the only source of information avai lable. 
Each method produces a l i s t  of persons l is ted 
at least once for each target population. 
These l i s t s  were compared to the corresponding 
l i s t s  of s ta f f  prepared from NIOSH records to 
develop information on the sens i t i v i t y  and 
spec i f i c i t y  of the l i s t s  of the two methods. 

The results are shown in Table 4. Persons on 
any generated l i s t  could be ei ther "true" 
cases of members of the target population or 
they could be "bogies," i .e .  persons not 
indicated as being members of that population 
in NIOSH records. Members in the target 
population may either be included in the 
generated l i s t  or they may be "missed." The 
results in Table 4 suggest that the group and 
ind iv idua l ly  generated l i s t s  tend to miss 
about as many members of the target 
populations (although the group l i s t s  are 
s l i gh t l y  bet ter) .  However, with the one 
exception of Branch l ,  Stratum l ,  the group 
samplings produce more "bogies." Thus, some 
of the greater group output_ was the production 
of more bogies. 

Excluding the "outside" l i s te rs  appears to 
reduce the number of bogies. The values shown 
in Table 4 indicate that while the number of 
missed population members is no smaller than 
before ( i t  could not be), i t  is no greater, 
and the number of "bogies" is smaller for the 
modified individual method. Thus, the outside 
target branch l i s te rs  seem to contribute to 
higher "bogie" counts and do not reduce the 
number missed. 

Output and Tenure of Staff  

A reasonable expectation is that the s ta f f  
employed for the longest period would have 
better reca l l ,  especial ly of former s ta f f .  
Results from this study and those from Wittes' 
previous study at Hunter College do not 
provide support for th is expectation. In this 
case the l i s t  output for persons employed an 
intermediate period, neither the longest nor 
the shortest, tended to be greatest. Wittes 
also found that "bogie" production was often 
greater for the "old t imers." 

C O N C L U S I O N S  

While s t r a t i f i c a t i o n  by period of 
employment does appear to be useful, neither 
group generated nor ind iv idua l ly  generated 
l i s t  data appear to resul t  in accurate 
estimates of population size. Perhaps other 
bases for s t r a t i f i c a t i o n  or other methods for 
screening contr ibutors would improve the 
resul ts .  Size estimates from l i s t s  from 
individuals w i th in  the target branch seem to 
be least biased and most  precise. Those 
developed from individual l i s te rs  appear 
better by those c r i t e r i a  than those from group 



l is ts.  Group and individuals miss about as 
many persons in the target populations. 
Groups tend to l i s t  more non-members as 
members t han  individuals and,  among the 
latter, individuals not in the target branch 
l i s t  more non-members as members than 
individuals from within the target branch. 

I t  does not appear useful to include staff 
from outside the target populations as 
l isters. While l i s t  output seems increased by 

so doing, much of this is "bogie" production 
or the inclusion of staff not members of the 
target population. Of course, this may be 
related to the specific characteristics of the 
worker groups chosen for this pi lot  study. 
Results for other groups may be different. 
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Table l: Numbers of Persons Listed by Branch by Individual 

L i s ter 
Individual Branch Number Persons Listed 

Perceived Branch 
l 2 

l l 20 l ]  
2 l lO 0 
3 l ]8 15 
4 ] 22 12 
5 l 30 14 
6 l 22 29 
7 l 33 12 
8 l 23 12 

l 2 4 21 
2 2 13 23 
3 2 8 27 
4 2 17 26 
5 2 9 29 
6 2 II 28 
7 2 18 22 
8 2 5 21 

Table 2: Numbers of Persons Listed hy Branch by Group 

Group 

All Branch l;  All Previously 
Individually Interviewed 

All Branch 2; All Previously 
Individually Interviewed 

Both Branches; All Previously 
Individual ly Interviewed 

Both Branches; Not Previously 
I nd i v idua l l y  Interviewed 

Number Persons Listed 
Perceived Branch 

l 2 

36 24 

23 45 

38 41 

24 51 



Table 3" Estimated Population Sizes by Population and By Method. 

Population 
Branch Stratum 

Method Estimates Number Mode l 
Population Size Dist inct 

Point 95% Confidence Cases 
Est. Interval 

l NIOSH Records 15 - --  
Group 15 15 - 15 15 
Individual 22 22 - 22 22 
Mod. Indivd. 18 18 - 18 18 

2 NIOSH Records 27 - - -  
Group 37 33 - 46 34 
I n d i v i d u a l  33 29 - 36 32 
Mod. I n d i v d .  32 29 - 34 30 

l NIOSH Records 20 - - -  
Group 24 24 - 25 24 
Individual 22 22 - 22 22 
Mod. Indivd. 20 20 - 20 20 

2 NIOSH Records 2l - - -  
Group 6l 51 - 83 46 
Individual 4l 34 - 47 36 
Mod. Indivd. 33 29 - 36 29 

indep. 2 parmeters 
indep. 
indep. 

indep. 
indep. 
indep. 

I two-factor interaction 
indep. 
indep. 

I two-factor interaction 
indep. 
indep. 

* Stratum I is a l l  currently employed s taf f ;  
Stratum 2 is a l l  former s taf f  after 1976 but not employed as of 

November 1982. 

Table 4: Numbers of Ident i f ied,  Missed, and "Bogies" 
by Population and by Method of Data Generation. 

Population Method 
Branch Stratum** 

Numbers 
Listed Missed Actual size 

Tota I T r u e  "Bogies" 

l Group 15 
Individual 22 
Mod. Indivd. 18 

15 0 0 15 
15 7 0 15 
15 3 0 15 

2 Group 34 19 15 
Individual 32 20 ]2 
Mod. Indivd. 30 20(21)* 10(9)* 

8 27 
7 27 
7(6)* 27 

l Group 24 19 5 l 20 
Individual 22 19 3 l 20 
Mod. Indivd. 20 19 l l 20 

2 Group 46 17 29 4 2 l 
Individual 36 15 21 6 21 
Mod. Indivd. 29 15 14 6 21 

* One l isted case could be a member of the population. 

** Stratum I is a l l  currently employed s taf f ;  
Stratum 2 is a l l  former s taf f  after 1976 but not employed as of 
November 1982. 


