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The advant ages of probability sanple designs over conveni ence
sanpl es have been known since the 1930s (Neyman, 1934). Strictly
speaking, in a probability sanple every nenmber of the target
popul ati on has a known, non-zero chance of selection. This provides
a statistical basis for projecting sanple estinmates back to the
target popul ation.

In studies of relatively rare popul ati ons which are al so not
easily identifiable, such as gay nmen, there are serious obstacles
to the inplenmentation of probability designs. The popul ation's
rarity neans that |arge nunmbers of househol ds nmust be contacted to
| ocate the target sanple, which greatly affects the survey’ s cost.
The reluctance of many gay nen to report their honpsexuality in a
survey -- particularly at the very start of an interview -- can
cause severe undercoverage and potential bias. That is, many
menbers of the popul ation are never identified and those that are
may differ substantially in their characteristics fromthe
popul ation at | arge.

These obstacles have often led to the use of extrenely | oose
survey nethods, such as sanpling patrons of gay bars or nenbers of
gay rights organi zations. These conveni ence sanpl es provide no
statistical basis for projecting back to the popul ati on of
i nterest.

The major goal of the present study was to provide reliable

(i.e., replicable) population estimates for the gay male popul ati on



of four major cities. In order to inplenment the probability sanple
necessary to achieve this objective, a survey sanple design was

sel ected that took into account the likelihood of flaws in the data
used for planning.

Typically, in a sanple survey there is sufficient initia
i nformation avail abl e about the target popul ation size and the
sanpling frame to specify conpletely such sanpl e design paraneters
as stratification definitions, within-stratum sanple sizes,
sanpling rates, and the geographic distribution of the sanple.
However, when the initial information is inconplete or may be
unreliable, it can be useful to make these specifications only
provisionally, with their final form dependent on information
obt ai ned during sanple selection and data collection. Wen, in
addition to these uncertainties, the target population is a snal
fraction of the general population, the risks to the study costs
and the sanple size ultimately achi eved may be high. That is,
errors in the initial assunptions my make the survey much nore
costly, resulting in fewer interviews being possible for a given
fixed budget.

Overestimati on of the popul ati on preval ence, based on
secondary sources, occurs for two reasons. First, such sources
usually only approximate the definition (or are indicators of the
presence) of the target population, for exanple, the nunber of

single males in a particular age range or the nunmber of reported



Al DS cases. Second, even when a source is a direct estimate of the
target group, the identification often is not froma survey. \Wen
t he sources are not based on survey data, they do not account for
underreporting, such as the fact that sone nmenbers of the target
popul ation will deny their eligibility.

Mul ti pl e secondary sources are often used and these sources
differ in their accuracy. Mreover, data fromthese sources nust be
conbined into a single estimte of preval ence. This estimation
requi res sone judgnent by the researcher, who is, in effect,
nodel i ng preval ence. Because of these problens, inportant areas of
sanpl e design focus on efficient methods for locating rare (or
noderately rare) or elusive popul ations. Sudman, Sirken, and
Cowan (1988) provide an excellent overview of many of these
designs. Sudman (1985) gives a detailed analysis of the bal ance
bet ween costs and vari ances. One class of such sanple designs
t akes advantage of the natural geographic clustering of the target
popul ati on.

In this paper, the key aspects of a two-phase, adaptive
sanpl i ng approach are descri bed for a tel ephone survey of self-
identified gay urban males!. As noted, the study objective
requi red obtaining a probability sanple of gay males in the central
cities of four urban areas: San Francisco, Chicago, New York, and
Los Angel es. Households were screened and data was coll ected by

tel ephone interview with identified eligible respondents. Sinply



screening | arge nunbers of households in search of the target group
was clearly prohibitively expensive. The overall expected
eligibility -- hit rates -- in these areas, while not known
exactly, were expected to be in the range of 3% (Binson et al,
1996). To obtain the desired 4,600 interviews, over 150,000
househol ds woul d have had to be screened. Wen contact and
cooperation rates are factored in, that number would increase

consi derabl y.

I n sanpling even noderately rare popul ations, errors in
estimated hit rates that woul d be inconsequential with nore
preval ent popul ati ons can be disastrous. |f a target group nmkes
up 50% of the general population, an error in that estimte of -3%
means that the necessary sanple size increases by about 6% \When
the target group is expected to constitute only 5% of the general
popul ati on, a 3% negative error nore than doubles the required
sanple size. OF course, a positive error has an effect of equal
magni tude in the opposite direction. But the risk is in
underestimation of the hit rate.

It was known from past surveys and other data that this target
popul ati on, to sone extent, clusters geographically. For exanple,
there are known gay nei ghborhoods; however, it is not advisable to
limt sampling to identified nei ghborhoods, since |arge nunmbers of
the target group may not be covered. Additionally, to the extent

t hat gays outside known nei ghborhoods differ on study vari abl es,



seriously biased estimates could result. Based on discussions with
| ocal informants, it is suspected that some anount of residential
clustering of gay nal es al so exists outside known nei ghbor hoods.

In such | ocations, the hit rates, while not as high as in the known
nei ghbor hoods, should be much higher than for the urban areas as a
whol e. To take advantage of the naturally occurring geographical
clustering requires knowi ng the location of these areas, defining
their boundaries clearly, and estimating the likely hit rates. The
data avail able to design such studies may be insufficient or of

qguesti onabl e accuracy.

METHODOL OGY

Blair and Czaja (1982) showed how a popul ation that is
hi ghly clustered may be efficiently sanpled in two phases for a
t el ephone survey. In their study of black households, a first-
phase sinple random sanpl e of tel ephone nunbers was sel ected and
called to determne eligibility? The expectation was that black
househol ds woul d be identified at a rate approximtely equal to
their occurrence in the population. This was confirmed.
Differences were expected due to sonme households refusing to
conplete the screening interview, nonrandom errors of inclusion
or exclusion, and sanmpling variance. Since phone nunbers are to
sone extent assigned on a geographical basis, even within area

codes, nunbers nunerically close to each other often represent



househol ds whi ch are geographically close together. In the Blair
and Czaja study (1982), each first-phase phone nunber connected
to an eligible household was used to define a bank of 100

t el ephone nunbers. For exanple, if 312-996-5693 was identified
as a bl ack household, then the 100 nunmbers from 321-996-5600 to
321-966-5699 were defined as a bank. Calling then continued in
each bank until a prespecified nunmber of eligible househol ds was
identified. It was found that within these second-stage banks

el i gi bl e households occurred at twice the rate of their
occurrence in the general popul ation.

This two-stage cluster design produces an equal probability
sanpl e of eligible households. 1In the first stage, banks are
sel ected with probabilities proportional to the nunber of black
househol ds in the bank. The probability of selection of a bank
Is:

Pe = N
YN/m
where N is the nunber of eligible households in bank i, ¥N, is
t he total nunber of black households in all banks, and mis the
nunber of banks to be sel ected.

In the second stage, nunbers are called within each bank
until a fixed nunber, k, of additional eligible households is
identified. The cluster size k is the same for all second-stage

banks. The second stage probability is:



Pri = k_l
N

Taki ng the two stages together produces individual inclusion

probability

where n = nk = Yki. That is, all target househol ds have the sane
chance of selection, regardl ess of the population’s preval ence in
any given bank.

This design was used effectively in other studies (see
Inglis, Groves, and Heeringa, 1987) of popul ations that cluster
geographically. Waksberg (1983) pointed out a potential weakness
in the design that arises when it is not possible to reach the
cluster size k in many clusters. In that situation, conpletely
unbi ased estimation requires that short clusters be wei ghted.

The effect of the weight is to increase the sanpling variance.

I n sonme cases, the variance m ght be increased to such an extent

that the design, taking into account both cost and variance, is

no nore efficient than a straight screening design. As will be seen,
an inmportant design factor is to determne in which

circunstances the cluster size will be achievable, and to exam ne
alternative estimation (i.e., weighting) strategies when it is

not .

Two things can be done to address this concern. First, Kk



must be chosen judiciously, so that while it is |large enough to
t ake advantage of the clustering, not too many short clusters
result. Second, extrenme weights can be trimred to reduce their
effect on sanpling variances, while still producing nearly

unbi ased estimtes. Additionally, it is worth noting that not
all sanple surveys are primarily concerned with producing

esti mates of popul ation paranmeters. |In many AIDS surveys, the
mai n anal ysis concerns the relationshi ps between variables, such
as the relationship between the respondents’ know edge and their
behaviors. Often in these types of anal yses weights are not
used. However, a sufficient number of cases is necessary for the
anal ysis. A sanple design that efficiently increases the yield
of target cases can be valuable for such anal yses, even if it is
only marginally useful for estimting popul ati on paraneters.
Whil e these sorts of designs have been shown to work with highly
clustered groups such as black households, it is not clear how
effective this approach is when clustering is thin, such as in

t he present study.

The sanpl e design used for the present study was a two-phase
design with adaptati ons based on data coll ection experience. The
basi ¢ notion of adaptive sanpling (Thonpson, 1992) is a sinple
one: to use data fromearly observations in a survey to guide
sel ection of additional elenents. Adaptive sanpling in this

study used data coll ected on household eligibility to determ ne



whet her to (a) redefine stratum boundaries, (b) determ ne within-
stratum sanpling procedures, (c) adjust cluster sizes, (d) drop
or undersanple costly strata, or (e) reduce or redistribute
target sanple sizes.

The nmethod of screening both for eligible households and for
data coll ection, was the tel ephone. Once an eligible household
was identified, a respondent was randomy chosen from anong the
household’'s eligible residents. 1In the first phase, a list-
assi sted Random Digit Dial (RDD) sanple was selected in each
stratum This unclustered design gives each residential
t el ephone nunmber an equal chance of selection. |In phase two, it
was expected that for sonme strata the hit rate would be so | ow
that no substantial gains would result fromclustering. It is
actual ly di sadvantageous to cluster in such situations. However,
in strata where the first-phase hit rate was reasonably high,
there seenmed nore |ikelihood that there m ght be sone w thin-
stratum clustering that could be exploited by using a Mtofsky-
Waksberg sanple. The danger of falling short of the cluster size
is, of course, still an issue even in these select strata. 1In
addition to the strategies described above, a protection afforded
here is that because of the |ow target popul ation density, the
cluster size is very small. The increase in sanpling variances
due to weighting is exacerbated when there is large variation in

the size of the weights; for exanple, some clusters mss the



target k by a lot, while others exceed it3 When the cluster
size is very small, the range of sizes of possible weights is
automatically constrained. Still, whether the anticipated yield
woul d approxi mate the nunber needed for cost-effective screening
was unknown, so the adaptive sanpling options renmained centrally
i nportant.

Working with inperfections in both the sanpling frame and
screeni ng data, the design sought to bal ance several factors:
yield (target sanple size), cost, and variance. The resulting
desi gn was based on cluster sanpling in conjunction wth
adj ustmrents nmade during the data collection precess, while still
mai ntaining a probability sanple. An extensive effort was made
to identify sanpling |ocations in each of the four cities and to
coll ect and collate data froma very wi de variety of sources
about the expected occurrence of the target group within each
| ocation (Binson et al., 1996). These sources included census
data, AIDS cases reported by health departnents, marketing |ists,
and directories of gay businesses, as well as |ocal individual
and business informants. This part of the project was conducted
in three stages and resulted in defining strata of tel ephone
exchanges corresponding to sets of zip codes in each of the four
cities. Wiile the resulting strata did not cover the full

geographi c area, based on this extensive prelimnary effort it is



estimted that the under-coverage bias ranges from2%to 12% for
the four cities (L. Polack, personal communication, 1998). This
figure does not reflect the additional under-coverage wthin
sanpl ed areas of gay males living in non-tel ephone househol ds.
This effort was conducted by a research teamled by Dr. J.
Catania prior to the tel ephone sanpl e design and sel ecti on.

As has been shown (see Hansen, Hurwitz, and Madow, 1953),
when costs differ substantially, optinmum sanple allocations
(assum ng constant popul ati on variances across strata) assign
sanple sizes that are inversely proportional to the square root
of stratumunit costs. In other words, one allocates nore of the
fi xed sanple size to those strata where the cost per case is
| ower. The strata sanple sizes were based on the expected cost
per case in each stratum Initially, four strata were
constructed in San Francisco, Los Angeles, and New York, with
three strata constructed in Chicago. It was expected that the
hit rate for self-identified gay mal e househol ds, and hence the
cost to locate and interview a case, would vary considerably
within each city. The distribution of expected hit rates by
t el ephone exchange area was exam ned for each city and the strata
boundari es were set at natural break points in that distribution.
There were only two natural breaks for Chicago, so fewer strata
were constructed there.

It was expected that there would be differences between the



estimated hit rates and those actually realized in tel ephone
screening. First, there were sone inaccuracies in the data sets
used for estimation; second, the definition of the survey

popul ation did not exactly match that of the various data
sources, though there was obviously a close relationship; and
third, self-identification of gay status in a tel ephone survey
may well differ fromfigures obtained in other circunstances.

I n phase one, it was planned to select |ist-assisted sanples
in each stratum |In phase two, in sonme strata the identified
first-phase nunbers would be used to define Mtofsky-Wksberg
clusters (banks), in which screening would be conducted until a
predeterm ned cluster size was attained (i.e., a specified nunber

of gay nmal e househol ds was identified).

ADAPTATI ONS

Data collection in the cities was begun in waves, so that
sone information fromone city was avail abl e when data col | ecti on
was just starting in another. The order of city data collection
was San Franci sco, New York, Los Angeles, and Chicago. This
proved useful since the total budget was fixed; if the data
coll ection costs in one city appeared to be different from what
was anticipated, plans in another city m ght be affected. The
sequential nature of the data collection permtted estimation of

costs before fully conmtting to a sanple size in another city.



The final sanple size was, in fact, smaller than originally
pl anned due to costs. An unanticipated advantage of the two-
phase design was to provide data from phase one, thus breaking
the study into manageabl e conponents so that changes in sanple
size could be decided early and that other decisions (such as
redefining stratumthree in New York) could be made before
i nordi nate anounts of screening were done. Had this not been the
case, the final sanple size would have been even smaller, perhaps
conprom si ng key anal ysis needs.

In some strata the cost for the intended yield was nuch
hi gher than anticipated. |In those cases, the strata bel ow them
where the yield was expected to be even |lower, were dropped.
This added mnimally to undercoverage, but was cost effective.
It is inportant to note that estimtes, strictly speaking, can
not be extended to gays living in excluded areas of the cities.
This strategy elimnated one stratum each in New York, Los
Angel es, and Chicago. |In dropping these strata, those resources
could be re-allocated to relatively nore productive areas and to
t hose areas where the cost per case was turning out to be only
sonewhat hi gher than expected. Wthin stratumthree in New York
it was found that sone exchanges were considerably nore
productive than others. The third stratumwas split into high
and low yield segnents, with sanpling continuing in the high

yield portion and stopped in the other. This strategy, suggested



by Kalton (personal communication, 1977), proved to be a very
effective adaptation. Finally, the original cluster size had to
be scal ed back. This was done for two reasons. First, the
overal | sanmple size was reduced, and second, the |arger cluster
sizes were not attainable w thout increasing the data collection
period, which would have affected costs further. However, as is
shown bel ow, the reduced cluster size had the advantage of
reducing the variation in the size of the weights.

An exam nation of Table 1 shows that overall the two-phase
design was effective. It was anticipated that gains of 20% woul d
be realized between phase one and phase two. That is, the hit
rate using the M tofsky-Wksberg banks identified in phase one
woul d be 20% hi gher than the sinple RDD rate. As can be seen,
the actual gains were nore nodest. Still, useful gains in yield
of self-identified gay males were realized in San Francisco with
i ncreases of 5.6% and 21. 6% bet ween phase one and phase two and
also in New York (31.9% and 13.6% . There were slight increases
in Los Angeles (8% and 1.3% and no increase in Chicago (-3%.
Thi s suggests that cities with |arger, contiguous gay areas al so
have noderate clusters of gays outside those known nei ghborhoods.
It is also inportant to note that, with the exception of San
Franci sco, the phase one hit rates were uniformy |ower than
anticipated fromthe prior analysis of secondary sources. |In New

Yor k, for exanple, the actual phase one rates were only slightly



nore than half of the expected rates. Wthout the substanti al
gains resulting fromthe adaptations and the second-phase cluster
desi gn payoff, the cost per case of a sinple screening design

woul d have been about twi ce the anticipated cost.

Tabl e 1. Expected vs. Actual Hit Rates (%

Expected Hit Rates Actual Hit Rates
Phase 1 Phase 2 Phase 1 Phase 2
San Franci sco
Stratum 1 17. 2 20. 6 28.5 30.1
Stratum 2 11.5 13.8 11.1 13.5
Stratum 3 4.1 9.4
Stratum 4 1.4 7.9
Chi cago
Stratum 1 9.9 11.9 6.9 6.7
Stratum 2 6.6 5.5
Los Angel es
Stratum 1 23.1 27.7 16. 3 17.6
Stratum 2 8.7 10. 4 8.0 8.1
Stratum 3 5.7 5.6
New Yor k
Stratum 1 20. 2 24. 2 11.6 15. 3
Stratum 2 12.0 14. 4 6.6 7.5

Stratum 3 6.1 4.6



The issue of cluster size is nore conplex than expected, and
nore problematic. The cluster size was not reached in the
maj ority of the banks where the standard Mt of sky-Waksberg
repl acenment procedures were used. The main difficulty, which was
not anticipated, is that when household eligibility cannot be

deter m ned because of non-contact, the nunber cannot be repl aced.
In the case of a refusal to be screened the nunber can be

repl aced, since the population definitionis limted to self-
identified gay males. Operationally, that has to nean self-
identification in the tel ephone screener; however, since the
target, k, was small the variation in cluster size is not |arge.

Table 1 al so denonstrates that even though extensive and
careful efforts were devoted to constructing estimated hit rates
based on secondary data, these rates were often not accurate.
This finding in itself supports the continued exploration of two-
phase adaptive sanples in other studies with simlar requirenents
when popul ation-frame paraneters are unknown or of suspect

reliability.

DI SCUSSI ON
The sanple design used in this study can be very effective
in sone circunstances, assum ng the increased sanpling vari ances
are not too great. In this design when cluster sizes vary, so do
the probabilities of selection. When the probabilities of

selection differ for subsets of the sanple, the resulting



popul ati on parameter estimates will be biased unless weights are
used. When the size of weights varies greatly anong sanple
subsets, typically the sanpling variances increase. |In weighting
data for estimation of population paranmeters the objective is to
produce unbi ased (or nearly unbiased) estimtes w thout
substantially increasing sanpling variances.

Waksberg (1993) has shown, follow ng Kish (1965), that for
this type of cluster design the increase, D, in variance over the
vari ance of a sinmple random sanple of the same size can be
nodel ed sinply. Clusters are first conmbined into sets, one set
for each unique weight. Then D= [YWPj] [¥W/Pj] where W is
the weight for the jth set of clusters and Pj is the percentage
of all sanple households in j. Wksberg (1993) showed that these
i ncreases can be substantial and nust be consi dered agai nst the
reduced cost or conversely, the increased yield for the sane
cost, under this design. However, \Waksberg s anal ysis does not
consider a comonly used strategy to control the effect of
wei ghting, which is to trimthe weights. In this procedure,
extrenme wei ghts are reduced sonewhat in magnitude: sone increase
in the bias of the estimator is accepted to prevent |arge
increases in variance. The value D can be computed with the
standard wei ghts and then with the trimmed wei ghts. The anount
of trinmm ng can be adjusted based on the nmagnitude of D that is

considered tolerable. This is an iterative process whose goal is



to bal ance sanpling variance and bias. The target cluster sizes
in San Francisco and New York were sel dom achi eved, so

consi derabl e use of weights was necessary. However, the weights
can be based on the achi eved nodal rather than target cluster
sizes. This approach, used in conjunction with weight trinm ng,

can be applied to mnimze the variation in weights and, therefore,

can control the increase in sanpling variances. |If
the range of cluster sizes is small, the variation in the size of
the weights will be small as well; for exanple, an exam nation of

the range of cluster sizes in San Franci sco shows that of the 162
clusters, the nodal cluster size was 2. All but 12 cluster sizes
are in the range of 1-3. In addition, 11 clusters were size 4
and one was size 53 The size of the weights and their variation
in the size can thus be acceptably controll ed.

Finally, the adaptations have statistical inplications.
Where interviewing was curtailed in very unproductive strata, the
under coverage bias increases; however, all avail able evidence
suggests that the increase is small. It should be noted that, as
in any cluster design, there is also an effect on the sanpling
variance due to intracluster honpbgeneity -- that is, the tendency
for observations within a bank to be correlated. The cluster
sizes used in the study, however, are so small that effect is
quite m nor.

One area not sufficiently exam ned in the reported study is



undercoverage bias. This bias results mainly fromthe excl usion
of sone areas of each city fromthe sanpling frame because the
esti mated cost per case was extremely high. The direction and
magni tude of this undercoverage bias could be obtained froma
sanpl e of a subset of the excluded areas, though the costs woul d
be high. Undercoverage bias (whether from exclusion of
geographi ¢ areas, nonresponse, or false negatives) can be nodel ed
as:

Bias = P[E(X) - E (Xe)]
where P is the proportion of the popul ation not covered, E(X) is
t he expected value of the nean for the included popul ation, and
E(Xe)is the expected value of the nean of the excluded popul ation
for some study variable. Bias increases when there is an increase
in either the proportion of the population not covered or in the
difference between the value of a variable for the covered and
non-covered popul ation conponents. Bias is zero either when there
i's no undercoverage or when there is no difference between the
popul ati on conmponents.

VWile not totally successful, this design did achieve two
key objectives. First, it increased the yield of the target
group while maintaining a cost-effective probability sanple
design. Second, the various adaptations were essential to
successfully dealing with the differences between anticipated hit

rates and actual hit rates. For these reasons, the design



deserves further testing on different populations. There are two
addi ti onal approaches to the cluster size problem First, when
the population is relatively rare there is some justification for
replaci ng unknown-eligibility cases, on the assunption that they
are likely to be ineligible. Second, projections such as those
done in the current study can be used. The latter solution is

| ess desirable since it is likely to exacerbate effect of the

wei ghts on sanpl e vari ances.

In summary, while the design was effective in its key
aspects there are problens that need further nmethodol ogical
research to address. Additionally, sone unexpected probl ens
arose, but ultimtely the sanple design approach hel ped achi eve a
probability design under very difficult circunstances. |In the
pl anni ng phase it should be recogni zed that estimted preval ence
is being nodel ed and that alternative nodels should be conpared.
Records shoul d be kept conparing yields fromsurveys to those
anticipated fromindividual or conbined secondary sources. Such
data coul d be useful in making nore accurate preval ence estinmates
in future studies.

It is possible to select probability sanples and to estimate
t heir undercoverage bias; however, this is a very expensive and
time consum ng process. Often conducting careful probability
surveys (whether or not they include special studies to estimate

nonresponse) may be beyond the resources of individual



researchers. One solution may be for researchers to give
consideration to coll aborating to pool resources to conduct

| arge, nulti-purpose surveys of gay males. Once such a sanple is
obtained, it m ght be possible (for research purposes where panel
effects are not a concern) to maintain the sanple as a panel.
Sanpling gay mal es and other groups at high risk for HV is an

i nportant area of survey design. To reduce the prevailing
reliance on conveni ence sanpling, new ideas for both preval ence

esti mates and sanpl e designs nust continue to be tested.



Foot not es

1. The researchers who conducted this work, and were responsible for
the overall GUVMS (Gay Urban Mal es Survey), defined the target groups
as MSM's (Men who have Sex with Men). The definition includes nen
who do not identify thensel ves as gay, honosexual or bisexual. The
present paper uses the termgay for convenience.

2. The study al so oversanpled high i nconme households in a separate
sanpl e using the sane nmethods. Simlar gains in yield were obtained.

3. The target cluster size can be exceeded if sanple is released in
a cluster based on an average projected hit rate. Such projections
were used for sone strata to speed up the data coll ection.
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