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Early sample  designs for surveys of the U.S. telep.hone 
household population used telephone directories and other 
listings of telephone numbers as sampling frames. Leuthold 
and Scheele (1971), in surveys of the state of Missouri, 
however, found that  Blacks, persons in urban areas, and 
younger persons tended to have unlisted numbers. Later, Rich 
(1977), for surveys in California, found that  younger and lower 
income persons tended to have unlisted numbers. Random 
digit dialing (RDD) expanded coverage of telephone surveys to 
all telephone households, whether or not their numbers were 
listed (e.g., Glasser and Metzger 1972). Some RDD methods 
select numbers at random (i.e., in one stage equal probability 
designs) from among working area codes and prefixes covering 
an area, but this is a ra ther  inefficient way to contact the 
telephone household population. 1 With such a design in a 
national survey less than 25 percent of all sampled numbers 
are residential (Groves and Kahn 1979). Two stage RDD 
designs (e.g., Sudman 1973; Waksberg 1978) have been 
proposed to improve the efficiency of the sample. One, the 
Waksberg-Mitofsky design, screens of banks of 100 consecutive 
numbers in the first stage, selecting banks with probabilities 
proportionate to the number of residential numbers in the 
bank. In U.S. national samples, over 60 percent of telephone 
numbers in these banks are residential (Groves, 1978). 

The two stage RDD design has clear advantages over 
directory-based samples in terms of coverage rates and over 
one stage RDD designs in terms of cost. But the two stage 
RDD design still suffers two important  deficiencies. First, the 
cost of screening sample telephone numbers to identify 
residences remains a source of administrative inefficiency. 
Even with the two stage design, 40 percent of the sample 
numbers within selected banks of telephone numbers are 
ineligible for interviewing, but the only way to determine their 
status is by calling them. Many nonworking numbers provide 
ringing tones when dialed, and thus cannot be distinguished 
from unanswered residential numbers.  Further,  to maintain 
equal probabilities of selection, the two stage design requires a 
new selection from the same 100-bank for each nonworking 
number encountered. Time used to determine the working 
status of a nonworking selection is lost for determining the 
status of its replacement and then obtaining if appropriate, an 
interview. This problem is more acute for studies with shorter 
survey periods. The second important  deficiency is that  
telephone survey s attempted without prior contact with the 
sample households te'nd to achieve lower response rates than 
those of comparable personal visit interviews (e.g., Groves and 
Kahn 1979; Alexander et aI. 1986). While some have 
speculated that  this is a property of the telephone as a medium 
of communication, others have noted that  the conditions prior 
to the contact are different for the two modes. Specifically, the 
absence of an advance letter is thought by some to lower 
response rates. Indeed, advance letters have been found to 
increase response rates in samples of directory numbers (e.g., 
Dillman, Gallegos, and Frey 1976). 

Dual frame sample designs, originally investigated by 
Hartley (1962), are appropriate for situations in which the 
target population densely populates one incomplete frame but 
forms only a minority of elements in another complete frame. 
In telephone sampling, files based on directories have fewer 
nonresidential numbers than RDD generated numbers,  but not 
all residential telephone numbers appear in the directory based 
file. On the other hand, among the full set of numbers 
generated from area codes and prefixes, only a minority are 
residential numbers,  even though all residential telephone 
numbers are included. Dual frame designs selecting telephone 
numbers from both the complete and incomplete frames can 
reduce screening costs relative to samples selecting numbers 

only from the complete frame. 
Dual frame designs can also introduce more efficient 

sample designs in the incomplete frame than in the complete 
frame. In this case, the high eligibility rate and listings of 
individual numbers in the directory frame encourage stratified 
element sampling. In contrast, the two stage cluster design 
used in the complete RDD frame generally suffers some 
inflation in sampling variance due to the homogeneity of 
characteristics of households in the same telephone 100-bank 
(the sample cluster). 

The purpose of the paper is to compare the variance and 
bias properties of a dual frame telephone sample with those of 
a single frame RDD design of equal cost. It  extends the use of 
dual frame designs beyond concerns with sampling variance 
and cost alone. Alternative allocations of the sample to the 
two frames are examined in an effort to reduce nonresponse 
error, as well as sampling error, for fixed input of resources 
available for the survey. 

In the next section an error and cost model is presented for 
a dual frame telephone sample design which uses list frame 
and RDD frame selections. Section 3 describes properties of 
the directory or list frame with findings f rom several studies, 
describes the effects on response rates and costs of an advance 
letter to list frame households, and reports the findings of two 
implementation~ of the dual frame design. Section 4 uses 
these results to simulate alternative dual frame designs, 
examine allocations to the two frames which minimize total 
survey error, and compare their error levels to that  of a two- 
stage RDD design costing the same amount. The paper 
concludes in section 5 with a discussion of limitations of the 
current research and a set of unanswered questions about dual 
frame telephone samples. 

2. Error and Cost Models for Dual  Frame Te lephone  
Samples  

We restrict our attention to an estimator of the telephone 
household population mean. Following Hartley (1962) and 
Casady, Snowden, and Sirken (1981), consider a post-stratified 
estimator, which mixes the results from each of the two 
frames to obtain an est imate for the total population. Cases 
selected from the RDD frame that  happen to be elements of 
the list frame are separated in the estimator from those RDD 
cases that  do not appear on the list frame. In particular, the 
estimator of the mean is 

= P r l ~ r l  + (1 - Prl)[0~r 2 + (1 - 8)~d]. (1) 

The sample mean of cases from the RDD frame that  are also 
elements of the list frame, Yr2' is combined with the mean of 

list frame cases, ~d' through the arbitrary mixing parameter ,  

8. The list frame estimate formed by mixing RDD and list 
frame cases is then combined with the est imate for the unlisted 
population, ~ r l '  through the proportionality factor, P r l '  the 

proportion of the telephone population not listed. 
Lepkowski and Groves (1986) give the mean squared error 

of this estimator. The mean square error is a function of 
sample designs and sizes in the two frames, various cross- 
products of biases among the unlisted cases, the listed cases 
from the RDD design, and those from the list frame sample, 
the variance of the estimated proportion unlisted, and the 
difference between the point estimates for listed and unlisted 
numbers. In this paper we restrict the bias terms to those 
arising from nonresponse error. 

The costs of the dual frame survey can be divided into four 
categories: a) costs of sample number acquisition, b) costs of 
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T a b l e  I .  Dual  Frame T e l e p h o n e  Survey Cost Model 
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administering the sample and completing interviews, c) costs of 
building the selection weights used it, the survey statistics, and 
d) costs of mailing the advance letters co the list frame cases. 
The full cost model appears in Table 1; terms in the model are 
defined in Table 2. The costs remaining for an RDD design 
(with no list supplement) are merely those in Table 1 reflecting 
RDD frame costs .  

The costs of the RDD frame must  reflect the acquisition of 
the tape file containing working area codes and prefixes as well 
as the computer generation of the pr imary and secondary 
numbers. Both the RDD and the list frame acquisition costs 
reflect the practice of drawing subsamples over time from a 
master  sample for different surveys. Thus, each survey can 
be considered as incurring only a fraction (Fr, for the RDD 

frame, and F d, for the list frame) of the acquisition costs. 

Sample administration costs include interviewer salary and 
telephone connect charges required to make initial contact with 
the sample household and total costs of interviewing. For each 
RDD sample number a check of the list frame must  be made to 
determine whether it could have been sampled from that  frame 
as well. This is the cost of selection weight construction in 
Table 1. This cost component would not be required for use of 
the RDD or list frames alone but is an added cost for using the 
dual frame design. Finally, the costs of the advance letter 
involves the generation of letters and envelopes using mail- 
merging software, the signing of the letters, assembling 
envelopes, mud mailing. 

3. Empirical  Data on Dual  Frame Des ign  
Characterist ics  

A series of studies conducted between 1984 and 1986 at 
the Survey Research Center provide information on the 
properties of dual frame designs. Some of these studies 

examined properties of the list frame for the national telephone 
household population, and others, the state of Michigan 
telephone household population. Dual frame designs were 
tested in surveys of Michigan, using a two stage RDD design 
and a systematic element sample from the list frame. 2 The 
two stage RDD design was based on 300 clusters from which 
354 interviews were taken. Stratification of the first stage 
sample was based on geographical region. The sample from 
the list frame was a systematic selection yielding 399 
interviews, from a list sorted by region, zipcode, and street. 

3.1 Characterist ics  of  the List Frame 

The list frame used in this investigation is a computerized 
version of current telephone directories constructed and 
updated by the Metromail Corporation of Lincoln, Nebraska.  
The list is reported to contain the listings of most recent 
directories (within one month of publication), to exclude 
nonresidential numbers,  and to include geographical data 
useful for stratification in sample designs. 

There are two properties of the list that  are important  to 
the potential cost advantages of a dual frame design: a) the 
proportion of numbers on the list that  are working residential 
numbers,  and b). the proportion of all residential numbers that  
are on the list. The first describes how much screening will be 
required for locating an eligible sample number; the second 
describes the coverage rate of the frame for the full telephone 
household population. In one test  of the dual frame design in 
the State of Michigan, 88 percent of numbers (standard error 
- 1.5) on the list were working residential numbers. This can 
be compared to 59 percent of the second stage numbers 
(standard error = 2.2) in the two stage RDD design that  were 
working residential numbers for the state of Michigan sample. 
The result  demonstrated the greater efficiency of the directory 
frame for locating residences. 
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Table 2. Cost Parameters ,  Error Parameters ,  and 
Values  Used for the Parameters  to Determine  an 

Optimal Allocation Between  the Two Frames 

Description 

Value 
Used in 
Investi- 
gation 

Cost Model Parameters  

F Fraction of total uses of the RDD .33 
r 

p r imary  sample represented by 
this study 

F d Fraction of total uses of the List .33 
sample represented by this 
s tudy 

P Fixed costs for acquiring RDD frame $499 
r 

Pd Per number  cost for accessing List $.00038 
frame 

Desired number  of pr imary  stage 
working household numbers  from 
RDD frame 

Number  of sample numbers  purchased 
from list f rame 

Total number  of listings on list f rame 

m ~ . , °  
r 

m d 

N d 

n 
r 

2,500,000 

Number  of second stage working 
household numbers per pr imary  
stage cluster in RDD frame 

S Salary  costs for data  processing of $60 
r RDD frame 

S d Salary  costs for data processing of $60 
List sample 

R Proportion of households yielding an 
r 

interview in RDD clusters 
R d Proportion of households yielding an 

interview in List sample 
w Proportion of pr imary  numbers  in 

rm 
RDD frame tha t  are working 
household numbers  

w d Proportion of list frame numbers  tha t  0.884 
are working household numbers  

w Proportion of secondary numbers  in RDD 0.593 
rn f rame tha t  are working 

household numbers 
G Cost to generate by computer a number  $0.05 

r from the RDD frame 
G d Cost, to select a number from the List $0.0375 

frame 
t. Interviewer minutes required to 12 
~m 

determine status of a pr imary 
number  

t. Average minutes of interviewer time 6 
1,nw for calls to nonworking numbers  

6.49 

.616 

.694 

0.283 

By matching several  sets of two stage RDD sample 
numbers  to the list frame, we est imated the percentage of all 
residential numbers tha t  were on the list. This analysis was 
done both for national samples and state of Michigan samples. 
Table 3 shows that  over five different national studies the 
percentage of contacted RDD sample households on the list is 
about 69 percent, varying between 68 and 71 over the five 
studies. The proportion of sample RDD numbers  tha t  were not 
contacted in the studies, but were found on the list was about 
66 percent. It  is unknown what  proportion of these 
noncontacted numbers  are working residential numbers.  In a 
state of Michigan sample 61 percent of the households were on 

Table 2 (con t inued)  

Description 

Value 
Used in 
Investi- 
gation 

Cost Model Parameters  
Average minutes  of interviewer time 7 

ti 'ni for calls to noninterview cases 
Average minutes  of interviewer time 7 

ti ' int  for calls to interview cases, prior to 
interview call 

t Minutes of telephone connect time 3.6 
cm required to check status of a 

pr imary  number  
t Minutes of telephone connect time for 1 
c,nw nonworking numbers  

tc,ni Average minutes  of connect time for 2 
calls to noninterview cases 

tc,in t Average minutes  of connect time for 4 
calls to interview cases, prior to 
interview call 

I Cost per minute for interviewer salary 
C Cost per minute of telephone connect 

time 
ti,int, r Length in interviewer minutes of 

completed interview.for RDD 
cases 

ti,int, d Length in interviewer minutes of 
completed interview for List cases 

Connect minutes  for completed 
tc ' in t ' r  interview for RDD cases 

tc,int, d Connect minutes  for completed 
interview for List cases 

D Number  of calls on nonworking 1.85 
nw,r numbers  per interview obtained for 

RDD cases 
Dnw,d Number  of calls on nonworking 

numbers  per interview obtained for 
List cases 

D . Number  of calls on noninterview 
m,r numbers per interview obtained for 

RDD cases 
Dni.d Number  of calls on noninterview 

• numbers  per interview obtained for 
List cases 

Dint, r Number  of calls on interviewed cases 
per interview obtained for 
RDD cases 

Di_t, d , ,  Number  of calls on interviewed cases 
per interview obtained for 
List cases 

P Proportion of all numbers  in RDD .42 
r 

clusters which are listed 
C d Cost per number  in RDD clusters 

matched to listed number 

$0.083 
$o.30 

29.4 

29.6 

23.4 

23.6 

.366 

5.27 

4.00 

3.59 

3.47 

$.055 

the list. This rate reflects the relatively low rate of listing in 
the large metropolitan area  of Detroit, a resul t  tha t  is repeated 
in other large cities. The low rate of list f rame coverage 
implies grea t  risk in using a single frame survey from 
telephone directories in a national or Michigan sample. The 
rate  also portends likely loss of precision in dual frame 
samples with very high allocations of the sample to the list 
frame. 

3.2 R e s u l t s  of  the Dual Frame Implementat ion  

Two dual f rame telephone surveys were conducted in the 
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Table 3. Percentage of RDD Sample Numbers on List 
Frame By Status of Number for Five National Studies 

Table 4. Percentage Respondingand Standard 
Error Among Letter and Full RDD Groups 

Status 

Survey Contacted Noncontacted 
Households Numbers  

Crime Victimization 69.5% 75.0% 

J a n u a r y  Survey of 
Consumer Atti tudes 67.8 66.7 

February  Survey of 
Consumer Atti tudes 69.1 62.5 

March Survey of 
Consumer Attitudes 67.8 66.7 

April Survey of 
Consumer Attitudes 70.8 57.1 

Mean Over Five 
Surveys 69.0 65.6 

state of Michigan, each measuring the effect of sending an 
advance letter. In both, advance letters were sent to a 
randomly identified subsample from the list frame. The first, 
s tudy obtained a 6.7 percentage point increase in response rate 
with the advance letter; the second, a 5.7 percentage point 
increase. Over the two studies the advance letter increased 
the response rate  by 6.2 percentage points (standard error - 
3.3 percentage points). Fur ther ,  as Traugott ,  Groves, and 
I~pkowski (1986) note, the response rate  gains were found 
disproportionately in those subgroups tha t  displayed poor 
cooperation in previous RDD surveys (Cannell et al. 1985). 
These include the elderly and low education groups, which 
suggests a reduction in nonresponse bias for statistics varying 
across age and education groups. 

The beneficial effects of the advance letter can be obtained, 
obviously, only for those cases on the list, which have 
addresses for mailing. In addition, however, the dual frame 
design is affected by any differences in cooperation between 
those households whose numbers  are listed and those unlisted. 
It  was found tha t  persons with listed numbers  are more likely 
to cooperate than  those with unlisted numbers.  Among RDD 
sample cases in the dual frame test  which were listed, about 
66 percent provided an interview; among those not on the list,, 
only 53 percent. The difference of 13 percentage points has a 
s tandard error  of 4.9. 

Table 4 presents  the overall comparison of the list f rame 
survey with advance letters and the full RDD survey. These 
figures are affected both by the letter effect among the list 
cases and the more difficult to interview unlisted cases in the 
RDD survey. The table shows an overall 11 percentage point 
increase (s tandard error = 4.1) for the list fi 'ame cases with 
advanced letters versus the full RDD sample cases. 

These response rate differences have both cost and error 
implications for the survey. On the cost side, witi~, higher 
cooperation rates,  less intensive refusal conversioi~ efforts are 
required to achieve desired response rates.  One indirect 
measure  of costs of data collection is the number  of dialings 
required to obtain one interview. The list f rame cases with 
advance letters required on the average 7.8 dialings on sample 
numbers for every one interview obtained (standard error = 
.6). The comparable figure for the RDD sample is 11.0 
(standard error = .61). The histogram in Figure ] shows that  
the difference arises both because of higher noninterviews but 
also because of the lower eligibility ra~e among RDD ~;ample 

Group Proportion Responding 

Advance Let ter  72.6% 
(2.6) 

Full RDD 61.6 
(2.1) 

Difference I I. 0 
(4.1) 
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On the error side, the higher response rates  bring into the 
respondent pool different kinds of persons. The effect on 
est imates of these higher response rates can be assessed by' 
comparing the point estimates of lis~ frame cases without, the 
letter to those with the letter. The dual frame design also 
achieves increased precision because of the stratified element 
design for the list f rame and because of the poststratification 
inherent  in the estimator.  

4. Determining Optimal Allocations to the List 

Using the cost and error models and data  obtained from the 
experimental  implementation of the dual frame design, the 
quality of est imates of means  and proportions from a dual 
frame design was evaluated. Alternative allocations of the 
sample to the directory frame (from 0 to 100 percent directory) 
were simulated for a survey costing $100,000, and the results 
were compared to an RDD design of the same cost. 

Two error est imators were used in the simulations. The 
first treated sampling variance as the only source of error, 
while the second included a nonresponse bias component as 
well as sampling variance. In the absence of validating data  
on the entire sample, no direct est imate of the nonreponse bias 
terms were available. Instead, a component measur ing 
"relative change in nonresponse bias" can be est imated from 
the results of' the dual f rame tests as Y 2 , 1 t r -  ~'2,noltr' 

where Y2,1tr is the mean for interviews from sample cases of 

the list frame which were sent an advance letter, 
and ~2,noltr is the mean for interviews from sample cases of 

the list f rame which were not sent an advance letter. In effect, 
this formulation of the bias sets the bias of the list sample at  
0.0,and lets the bias of the listed and unlisted domain 
est imates of the RDD sample be equal. This est imator for the 
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nonresponse bias is obviously an incomplete representation of 
this error source. It  might be best thought of as the relative 
difference in bias attributable to the advance letter. We use it 
to illustrate that  very different conclusions about the relative 
quality of the dual frame approach are possible when bias 
terms are considered. 

Parameters  used in the cost and error models are those 
appearing in Table 2. These are based on the initial 
experimental tests of the dual frame method for the Michigan 
surveys. Careful examination of the cost model and various 
parameter  values suggest that  the larger the proportion of 
interviews taken from the list frame sample the larger the 
achieved sample size. This reflects the cheaper price of 
obtaining interviews from list frame cases with advanced 
letters. For example, for a $100,000 total budget and the cost 
and error models described previously, the sample size 
increases from about 4,300 in the all RDD case to about, 5,000 
with the entire sample allocated to the list frame. Other 
things being equal, this will lower sampling variances of the 
mean with higher allocations to the list. However, other things 
are not equal. While increasing the allocation Lo the list 
increases the sample size, the design effect 3 of the dual frame 
design also increases with increasing allocation to the list 
frame. These two results thus counteract one another in terms 
of sampling variance. 

It  is important  to note tha t  e v e n  with our restr ict ive  
mode l  for re lat ive  n o n r e s p o n s e  bias ,  both the RDD and the 
dual frame estimator are subject to nonresponse bias. The 
RDD estimator is subject to nonresponse bias because no cases 
receive the letter. The dual frame estimator is subject ,*.o 
nonresponse bias because, for the mean of the population of 
listed numbers, it uses a combination of estimates from the list 
frame sample (sent advance letters) and from the RDD sample 
cases who happen to be on the list (not sent advance letters). 
The mixing parameter  used for the dual frame estimator 
reflects both differing variances and nonresponse bias 
(following LeDkowski and Groves 1986). 

Figures 2 to 5 present the results of simulating alternative 
allocations to the list frame in a dual f rame design. Figures 2 
and 4 compare the sampling variance of the dual frame 
estimator with that  of the RDD estimator from the two survey 
designs each costing $100,000. Figures 3 and 5 include the 
relative bias, as conceptualized previously. The first two 
figures apply to a statistic that  appears relatively immune to 
the effects of the advance letter. That  is, the estimated 
proportion of respondents who report that  their financial 
condition was better one year  ago is similar among those 
receiving the advance letter as among those not receiving the 
advance letter. Figure 2 shows that  the optimal allocation for 
the dual frame design is about 17 percent of the interviews 
from the list sample and 83 percent from the RDD sample. 
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When the relative nonresponse bias term is added to the 
simulation (in Figure 3) the optimal allocation increases to 
between 30 and 40 percent from the list. That  is, when both 
relative nonresponse bias and sampling variance are 
considered, larger portions of the sample should be drawn from 
the list frame. This follows because the list frame is both 
cheaper and offers lower nonresponse bias. 

FIGURE 3 
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How much is really gained by the dual frame design for 
the estimated percentage reporting that  they were better off 
fnancial ly one year  ago? If we concern ourselves merely with 
sampling error, we can reduce sampling variance by about 14 
percent with the dual frame over the RDD design (i.e., a gain 
of 7 percent in standard errors). Including nonresponse bias, 
as reflected in (3), we can reduce the mean squared error by 
about 25 percent, with the optimal allocation (i.e., a reduction 
of 13 percent in root mean squared error). If the design 
allocates more to the list frame than the optimal proportion, 
both sampling variance and mean squared error rapidly 
increases. Note that, in both figures, the slope of the error 
curve sharply increases for allocations of more than 60 percent 
to the list. This reflects the loss in sampling variance due to 
undersampling of the unlisted domain. 

Figures 4 and 5 concern a diff'erent statistic, the 
percentage of respondents who report that  they are currently 
working. In terms of sampling variance the optimal allocation 
to the list is approximately 15 percent but the level of 
sampling error is almost identical to that  of the RDD design. 
A radically different result appears in Figure 5, however, 
because the relative bias est imate is very large for this 
statistic. Many more people who are not  working cooperated 
with the survey request among those who received the letter 
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than among those who did not. The result: is that  dual frame 
estimator achieves radically lower mean squared error for the 
entire range of allocations. Fully 80 percent of the interviews 

might be allocated to the list frame and a reduction of over 50 
percent in mean squared error is achieved. 

The contrast between Figures 3 and 5 is to be expected in 
any survey measuring statistics that are differentially 
susceptible to nonresponse bias. In this case, the nonresponse 
differences appear to the center on the elderly and low 
education groups. The researcher faced with different optimal 
allocations implied by Figures 2 to 5 must judge the 
importance of sampling variance versus bias and assess the 
relative importance of the different statistics being estimated. 

FIGURE 5 
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We have demonstrated significant gains in response rates 
for dual frame telephone surveys using the list frame with 
advance letters. However, these results should be interpreted 
carefully, because of" several features of the implementations 
described here. First, these results are based on surveys 
conducted by The University of Michigan in the state of 
Michigan. The previous research on advance letters has 
observed variation in effects depending on the affiliation of the 
survey and the survey population (Brunner and Carroll 1969). 
Second, examination of the demographic charac~ristics of 
respondents suggests that the letter successfully encourages 
cooperation among those sample persons previously found to 
be resistant to telephone survey requests (e.g., the elderly). 
Third, using a measure of relative mean squared error, the 
optimal allocation to the list may be sensitive to the success of 
the letter at reducing nonresponse error. This will vary across 
statistics in the same survey. Our results show optimal 
allocations between 35 and 80 percent to the list. The reader 
should be cautioned that the proportionate gains in mean 
squared error is a function of both the relative nonresponse 
bias and the nonresponse bias shared by both the dual frame 
and the RDD estimate. We were not able to measure that 
shared bias, in the absence of validating data. In addition, the 
importance of nonresponse error relative to sampling variance 
is larger in higher budget surveys (with large samples) than in 
low budget surveys. The total survey costs of $100,000 used 
in the simulations limit the inference from this paper. 

Finally, as with many dual frame solutions the design 
evaluated here offers another advantage, a built-in 
experimental feature. The RDD cases which happen to be 
listed in the directory do not receive an advance letter. The 
list frame sample cases do. Two point estimates of the list 
frame population statistic are available, and the effect of the 
letter is measurable in each survey. This permits assessment 
of the importance of the higher response rate to the values of 
survey statistic. 

In the past decade there have been many attempts to alter 
telephone survey designs in order to improve their nonresponse 
error characteristics or to reduce their costs. The dual frame 
methodology offers some promise of" doing both of these things. 
Several features of the design, however, require further 
investigation. They include examining the cost and error 
characteristics of the design for national surveys,  by different 
survey organizations, and across different subpopulations, as 
well as experimentation with sending advance letters to some 
of the RDD cases which happen to appear on the list. The 

initial results suggest further testing of the methodology" is 
merited. 

F o o t n o t e s  
1 Telephone numbers in North America (e.g., 313-764-4424) have three 
components: A three digit area code (e.g., 313), followed by a three digit 
prefix (e.g, 764), followed by a four digit suffix (e.g, 4424). 

2 In both frames equal allocations to three regional strata within the 
state were used, producing an nonepsem design. To simplify the 
presentation, this paper presents weighted estimates; the results are 
those to be expected from an epsem design of the state, of Michigan. 

3 The design effect is the ratio of the sampling variance under the 
complex design to that expected from a simple random sample of the same 
size. 

R e f e r e n c e s  
Alexander, C., Flemion, J., and Pfaff, P. (1986), "Some 

Results of an Experiment With Telephone Sampling for the 
U.S. National Crime Survey," Proceedings of the Section on 
Survey Research Methods, American Statistical Association. 

Brunner, G.A., and Carroll, S.J. (1969), "The Effect of Prior 
Notification on the Refusal Rate in Fixed Address 
Surveys," Journal of Advertising, 9, 42-44. 

Cannell, C. et aI. (1985), An Experimental Comparison of 
Personal Interview and Telephone Health Surveys, National 
Center for Health Statistics. 

Casady, R.J., Snowden, C.B., and Sirken, M.G. (1981), "A 
Study of Dual Frame Estimators for the National Health 
Interview Survey," Proceedings of the Section on Survey 
Research Methods, American Statistical Association, 444- 
447. 

Dillman, D.A., Gallegos, J.G., and Frey, J.H. (1976), 
"Reducing Refusal Rates for Telephone Interviews," Public 
Opinion Quarterly, 40, 66-78. 

Glasser, G.J. and Metzger, G.D. (1972), "Random-digit Dialing 
as a Method of Telephone Sampling," Journal of Marketing 
Research, 9, 59-64. 

Groves, R.M. (1978), "An Empirical Comparison of Two 
Telephone Sample Designs," Journal of Marketing 
Research, 15,622-63 I. 

Groves, R.M. and Kahn, R.L. (1979), Surveys by Telephone, 
New York: Academic Press, Inc. 

Hartley, H.O. (1962), "Multiple Frame Surveys," Proceedings 
of the Social Statistics Section, American Statistical 
Association, 203-206. 

Lepkowski,  J.M., and Groves, R.M. (1986), "A Mean Squared 
Error Model for a Dual Frame, Mixed Mode Survey 
Design" Journal of the American Statistical Association, 
December, 81,(396). 

Leuthold, D.A. and Scheele, R. (1971), "Patterns of Bias in 
Samples Based on Telephone Directories," Public Opinion 
Quarterly, 35, 249-257. 

Rich, C. (1977), "Is Random Digit Dialing Really Necessary?" 
Journal of Marketing Research, 14, 300-305. 

Sudman, S. (1973), "The Uses of Telephone Directories for 
Survey Sampling," Journal of Marketing Research, 10, 
204-207. 

Traugott, M., Groves, R.M., and Lepkowski, J.M. (1986), 
"Stimulating Response Rates in Telephone Surveys," 
presented at the 1986 meetings of the American 
Association of Public Opinion Research. 

Waksberg, J. (1978), "Sat~pling Methods for Random Digit 
Dialing," Journal of the American Statistical Association, 
73, 40-46. 

345 


