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Estimating Phone Service and Usage Percentages:

How to Weight the Data from a Local, Dual-Frame Sample Survey

Of Cellphone and Landline Telephone Users in the United States

Thomas M. Guterbock


A key issue for dual-frame RDD/cellphone surveys in the United States is how to estimate the population proportions for phone service segments: cellphone only, landline only, and the ‘overlap’ segment having both.  The CDC’s National Health Interview Survey [NHIS] has been used as a ‘gold standard’ for national estimates, but NHIS only offers estimates for the nation as a whole, for four Census regions, and (relying in part on CPS data) for states. There are no reliable data sources for estimating the population percentages of phone service segments in counties or any small area.  The estimation problem is complicated by the fact that surveys using cellphone samples have consistently reported a far higher percentage of cellphone-only users [CPOs] than would be expected on any reasonable estimate of their population prevalence.  If a dual-frame telephone survey is conducted on a county, metropolitan, or other local population, what is the correct distribution of phone service segments to use in post-stratification weighting of the completed interviews?  This paper proposes a method for making estimates of the phone-segment distribution in a local area population, based on the sampled data from a dual-frame telephone survey.
Background


The continued increase in the use of cellphones and the rise in the percentage of CPO households has led many U.S. survey researchers to begin to include cellphone samples in their telephone surveys.  The distinctive characteristics of CPO households make this imperative, for they represent younger, more transient residents and include higher proportions of minorities than households that have landline phones (** See, for example, Guterbock, PWC, Blumberg).  Studies of the general population that exclude cellphone households run an increased risk of failure to represent the population of interest, due to non-coverage of the CPOs.  


The need to include cellphones has led researchers to employ dual-frame samples.  The two frames are typically based on Random Digit Dial [RDD] methods, pairing a ‘traditional’ RDD sample based on working landline call groups for the area of interest with a cellphone RDD sample drawn from working cellphone exchanges covering the same or similar area. 
Dual-frame samples yield data for respondents in three phone-service segments:  CPO households, landline-only [LLO] households, and dual-phone households.

Dual-phone households lie in the intersection of the two sampling frames (since they can be reached by calling cellphone numbers or landline numbers) and they are thus referred to below as households in the overlap sample.  Some surveys use a full dual-frame design, interviewing respondents from the overlap sample whether reached through cellphone or landline sampling.  Others screen out the overlap sample from the cellphone sample, only completing interviews by cellphone with CPO respondents (** Kennedy).  In either design, phone-service data are typically collected and saved from all respondents reached through either the cellphone or landline sample.  The results from the two samples are merged into a single dataset for making estimates of population characteristics.  However, for these estimates to be accurate, the various segments resulting from the dual-frame design must be properly weighted.  How might a researcher know the correct population distribution across segments?
  In a national survey, the NHIS has been used as a ‘gold standard’ for the phone-segment population percentages of households, because it is a large, high quality survey using a national area-probability sample and is conducted using in-person interviews.  It therefore does not suffer from any serious coverage bias with respect to phone service.  However, NHIS only offers estimates for the nation as a whole and for four large Census regions in its regular reports. If the population of interest is from a county, metropolitan area, or other small area, there are no reliable data sources available for estimating the population phone-service segments.  Because states may be represented by just a few PSU’s in the NHIS, state estimates are not considered to be representative if based solely on the NHIS, and they are not publicly released by the CDC.   In April 2009, CDC released new estimates of CPO percentages for states, basing the results on a methodology that combines information from NHIS with information from the Current Population Survey (Blumberg, Luke, et al., 2009).  While these estimates will be useful for statewide surveys, they still leave the researcher guessing if the population of interest is a county or other sub-state area.  Just as the percentage of CPO households varies widely across the states, it also can be assumed to vary widely across areas within most states.
It might seem at first glance that the researcher might simply base an estimate of, say, the population percent CPO on the observed percent CPO in the cellphone sample.  However, that would exclude the landline-only segment from the denominator.  If the two samples are combined, one is faced with two problems.  First, the size of the cellphone sample is usually kept small, because of the higher per-completion costs of cellphone interviewing.  Second, dual-phone households have a chance to be included in either the cellphone or landline samples, and therefore are, in theory at least, overrepresented when the two sample are simply combined.
A further problem in trying to use the observed segment percentages without adjustment is the problem of cellphone-only overcount.  Surveys using cellphone samples have consistently found that the realized sample includes a far higher percentage of CPOs  than would be expected on any reasonable estimate of their prevalence in the population of telephone households. This is understood to reflect differences in telephone behavior between CPOs and dual-phone users. CPOs are presumably more likely to have their phones with them, to have their phones turned on, and to accept calls from unknown numbers than are those who continue to rely on landline phones.  Therefore, households in the overlap sample have lower response rates to cellphone contact attempts than do CPOs.  By a similar process, LLOs are probably overcounted as well, since overlap-segment (dual-phone) households probably have lower response rates to landline contact attempts than do LLOs.
The Problem

If a dual-frame telephone survey is conducted on a metropolitan, county, or other  local population, what is the correct distribution of phone service segments (CPO, overlap, LLO) to use in post-stratification weighting of the completed interviews?

Applying the national or regional NHIS averages to every locality seems unrealistic, as rates of cellphone usage and cellphone-only status vary significantly across areas of the nation.  A statewide estimate, too, can be far from the correct distribution for a local, sub-state area. The collected data from the realized samples in the local survey surely contain useful information that might tell us whether the locality under study has cellphone service and cellphone-only adoption rates that are higher or lower than the national average.  But it is not intuitively obvious how one is to correctly deploy percentage data from realized samples on the cellphone and landline sides of a dual-frame sample (e.g., the percent of cellphone-sample cases that are in the overlap sample compared to the percent of landline-sample cases that are in the overlap sample) and convert these into estimates of the phone-service distribution in the population of interest.  This calculation is made more complex by the problem of overcount of CPOs and LLOs, which will affect the observed phone-service percentages.


This paper presents algebraic solutions for calculating estimates of the phone-service percentages in the study population from the observed percentages on the cellphone and landline side, taking into account the lower rates of response in the overlap sample that generates ‘overcounts’ of CPOs and LLOs.  It compares data from the 2007 NHIS with recently released data from the 2007 CHIS, based on the assumption that the phone-service distribution in the Western region of the United States can be taken as a ‘gold standard’ measure of the population distribution of phone service in the State of California.  This comparison produces initial estimates of the response rate ratios, i.e, the ratios of response rate in the overlap sample to the CPO response rate and the LLO  response rate, respectively.  These overall response rate ratios are then applied to newly collected dual-frame survey data from three counties in Virginia, to produce initial estimates of the phone-service distribution (CPO, overlap, LLO) for each of the three counties. This approach is offered as a superior alternative to assuming that every local area of the U.S., or of a state, has the same distributions of phone service and phone usage regardless of income, metropolitan status, or availability of cellphone service.

Doing the math

Following notation used in the prior literature on dual-frame sampling, we will use a to designate the cellphone sampling frame (the higher-cost sampling frame) and b to designate the (lower-cost) landline sampling frame.  Their overlap is designated as ab, as seen in the figure below:
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a. Equal response rates assumed
Our first task is to calculate the size of each phone-service segment assuming all segments have the same response rate (r).  The following expressions define the true proportions for each segment in the population; these three true proportions sum to 1.  The sampling rate for cell sample (f1) may differ from sampling rate for landline sample (f2); that is f1 ≠ f2.  N refers to population count, n refers to sample count.
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Next, we consider the proportions we will observe in our two realized samples.  The realized ab as a proportion of the frame 1 (cell) sample will be called 
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←

As shown in the following calculations, we can derive the true proportion in the overlap sample from these observed proportions in the two frames (ignoring sampling error): 
Invert these:  
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Sum them:  
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Since 
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So, 
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The following example illustrates how these calculations are applicable:  
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b. Unequal response rates in the segments

We now consider how to evaluate the population distribution of phone segments, based on the observed proportions in each sample, when the response rates are allowed to differ across the segments.  The differing response rates are used to capture the observed phenomenon of CPOs being over-reported in cellphone samples.

· Cell sample response rate for CPOs = 
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.  This is the ‘response rate ratio’ that applies to the cellphone sample.

· LL sample response rate for LLOs = 
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· So, 
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· We now have: 
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Write 
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Hence:

Divide by R1, R2]
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Invert: 
Sum these:  
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Divide by N/N
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As before, 
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So:  
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Once 
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With 
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The following example will serve to demonstrate that the expressions are correct:

· Assume cellphone sample underreports ab at a rate of 50%.

· Landline sample underreports ab at a rate of 75%.

· That is 
[image: image36.wmf].75.

r

r

r

.5;

r

r

r

2

b

'

ab'

1

a

ab'

=

=

=

=


· Population distribution of phone service is:



If the response rate ratios were equal to one (equal response rates), then 
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However, here we have unequal response rates and rate ratios as specified.  Therefore,

observed 
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 will be 
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Similarly, if the response rates were equal, 
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With unequal response rates and response rate ratios as given, observed
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  will be 
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In this problem, r1 and r2 are known, (r1 = .5) (r2 = .75).
Evaluate the population proportion in the overlap segment, using formula above:
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c. Calculating response rate ratios by comparing a dual-frame survey result to a known population distribution of segments
In the previous example we assigned arbitrary, known values to the response rate ratios.   We now want to look at how we might derive response rate ratios values from a dual-frame sample result in a situation where the underlying phone segment distribution in the population is known (or can be estimated by an accepted ‘gold standard’ survey such as the NHIS).  That is, dual-frame sample data are collected from a population in which values for 
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(phone service segments) are known.  There is greater non-response of the overlap households from the cell and landline samples, compared respectively to the response rates from CPOs and LLOs.  Based on the observed values of 
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 , find r1 and r2.


Assumptions and notation are the same as in section b.  

Cell Side:





     Landline Side:
We have (from section b):



    We have (from section b):


We now have the tools needed to proceed.  Using the formulas in section c, we can derive response rate ratios from one survey compared to its corresponding population.  Using the formulas in section b, we can then apply these ratios to make an estimate of the population distribution in a local survey where the underlying population is not known.  This procedure is based on the assumption that the response rate ratios are similar across different dual-frame surveys, even as the phone segment distributions vary in the underlying populations.
Estimating response rate ratios by comparing CHIS to NHIS
One of the larger dual-frame telephone sample projects to be completed in recent years is the 2007 California Health Interview Survey.  This survey is patterned after the NHIS in its content, but is conducted by telephone throughout the state.  The dual-frame design screened out dual-phone users reached via cellphone, so that the cellphone interviews were completed only with CPOs.  However, during the screening phase of the interview, the phone status of each household was determined, so that the number of CPOs versus dual-phone users reached via cellphone is known.  On the landline side, phone status was also determined, allowing us to distinguish those in the overlap segment (dual-phone households) from LLOs.  The 2007 cellphone sample of 4,346 completed screeners yielded 34.6% who were CPOs.  Of the 48,791 landline screening interviews completed in this massive study, 32.7% were found to be LLOs.  A glance at these figures in comparison to NHIS estimates (below) shows that there is substantial overcount in these samples of both the CPO and LLO cases.

Our best estimate of the phone service segment distribution in the underlying population is to use NHIS results for the second half of 2007 (corresponding to the CHIS field period), taking the regional estimate for the West region of the United States as our best approximation for California.
  We first re-calculate the percentages from NHIS into a smaller number of categories, as seen in Table 1:  
Table 1.  NHIS phone segments, second half 2007

	NHIS GOLD STANDARD--Adult numbers for West Region
	% as reported by NHIS
	Exclude no-phone
	Exclude no-phone &  unknowns
	

	Landline only
	18.4
	18.7%
	18.9%
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	Landline with wireless
	66.3
	67.3%
	67.9%
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	landline with unknown wireless
	0.8
	0.8%
	 
	

	nonlandline with unknown wireless
	0.1
	0.1%
	 
	

	wireless only
	12.9
	13.1%
	13.2%
	   
[image: image55.wmf]T

a

P



	no phone
	1.5
	
	 
	

	
	100
	
	 
	

	Total with some phone
	98.5
	100.0%
	 
	

	Total with phone and known phone status
	97.6
	
	100.0%
	



We next compare these NHIS results to the CHIS results from the two samples, as shown in Table 2.  The table shows that if we took a cellphone sample from the NHIS West population without any response rate differences (response rate ratio r1 = 1), we would have obtained 16.3% CPO and 83.7% dual users.  On the landline side, if there had been no response rate differences (response rate ratio r2 = 1), we would have obtained 21.7% LLO and 78.3% dual users.
Table 2. CHIS 2007 compared to NHIS West

	
	
	
	
	
	
	
	If observed without any non-response bias:
	
	

	
	
	CHIS 2007

Cellphone sample
	CHIS 2007

Landline sample
	NHIS 2007-West only (taken as true value)
	Thru cell sampling
	Thru LL sampling
	r1
	r2

	cell only
	a
	1518
	34.6%
	--
	--
	13.2%
	16.3%
	
	
	

	both
	ab
	2828
	65.4%
	35200
	68.3%
	67.9%
	83.7%
	78.3%
	0.3678
	0.5980

	LL only
	b
	--
	--
	13591
	32.7%
	18.9%
	
	21.7%
	
	

	TOTAL
	
	4346
	 
	48791
	 
	100.0%
	100.0%
	100.0%
	
	

	
	
	
	
	
	have cell total
	81.1%
	
	
	
	

	
	
	
	
	
	have LL total
	86.8%
	
	
	
	


The quantities used to calculate the response rate ratios in CHIS are as follows:

Table 3.  Calculating response rate ratios

	Pa
	13.2%

	Pab'
	65.4%

	Pabt
	67.9%

	Pa x Pab'
	0.0864

	Pabt x Pab'
	0.4443

	r1
	0.3678

	
	

	Pb
	18.9%

	Pab"
	68.3%

	Pabt
	67.9%

	Pb x Pab"
	0.1288

	Pabt x Pab"
	0.4640

	r2
	0.5980

	
	


We find that the estimated response rate ratio is much lower in the cell-phone sample than in the landline sample [r1 < r2].  That is, there is more severe overcount of CPOs on the cellphone side than there is of LLOs on the landline side.  This reflects large numbers in the overlap sample who still use their cellphone as a secondary device.
Estimates for local survey 1: Prince William County 2008
The U.Va. Center for Survey Research has conducted annual citizen satisfaction surveys for Prince William County, VA [PWC] since 1993.  PWC is a large, prosperous, rapidly growing suburban county in the Northern Virginia Area.  Until 2007 the samples were entirely landline based, with some directory listed samples in sparsely populated areas of the county used to augment the primary sampling frame: traditional list-assisted landline RDD.  In early Spring 2008, CSR conducted a pilot study of cellphone surveying in PWC, using the 2007 survey instrument to demonstrate the feasibility of cellphone calling and to work out operational details.   The screening questions for cellphone availability and landline phone availability were patterned after those used in the CHIS questionnaire.  The 2008 survey was fielded using a triple-frame design, combining cellphone sample, traditional RDD, and a county-wide directory-listed sample, introduced to save costs in light of the extra expense of including the cellphone sample.  CSR completed 187 cellphone interviews, of which 40.6% were with CPOs.  Of the 1,468 landline completions (including RDD and directory-listed), 10.5% were LLOs.  

Table 4.  Prince William County 2008 cellphone and landline results

	
	
	Cell phone sample
	Landline sample

	cell only
	a
	76
	40.6%
	11
	0.7%

	both
	ab
	111
	59.4%
	1303
	88.8%

	LL only
	b
	--
	--
	154
	10.5%

	
	
	187
	
	1468
	


We now apply to these results the formulas derived in section b above, and the response rate ratios derived from comparing CHIS to NHIS, as shown below:
Table 5.  Estimation of phone segments, PWC 2008

	Pab'
	59.4%
	observed

	r'
	0.368
	calculated by comparing CHIS to NHIS West

	Pab''
	88.8%
	observed

	r''
	0.598
	calculated by comparing CHIS to NHIS West

	Formula components:
	

	r'/Pab'
	0.620
	

	r''/Pab''
	0.674
	

	denominator
	1.328
	

	Pabt
	0.753
	Estimate of percent in overlap segment

	
	
	

	r'(Pabt)
	0.277
	

	Pa
	0.190
	Estimate of CPO segment

	Pb
	0.057
	Estimate of LLO segment

	
	1
	

	Based on true values, without under-reporting, we would have observed:

	Pab'
	0.799
	

	Pab''
	0.930
	

	
	
	


Based on our assumption that the response rate ratios are constant across surveys in different areas, we arrive at a phone segment distribution for PWC that is different than that seen in NHIS or CHIS.  This suburban area, close to Washington, DC, is served by several cellphone carriers and was an early site of competition for market share.  The cellphone penetration is very high, with only 5.7% of telephone households estimated to have no cellphone (that is, 5.7% LLO).  The CPO percentage of 19% is higher than the national estimate of 16.4% country-wide in NHIS for last-half of 2007, or the 13.2% CPO estimate in NHIS for the West region.  


Equipped with a plausible, local estimate of the phone segment distribution in the population, we can now proceed to post-weighting the PWC sample data so that CPOs (and cellphones generally) are properly represented.  As noted above, the size of the cellphone sample was kept small relative to the landline sample because of its greater cost per completion.  Although this is probably not an optimized dual-frame design (see Hartley, 1964), it is a typical approach at this early stage in the development of our ability to survey efficiently in the cellphone frame.  While we estimate that over 90% of county households have a cellphone, the cellphone sample accounts for only 12% of all our completions.  However, because of the over-reporting of CPOs within the cell sample, the CPOs are not so badly represented, making up 5.3% of the realized total sample, as contrasted to the 19% we estimate they represent in the population.  Accordingly, as seen in Table 6, the CPOs are weighted up by a factor of 3.6.  If we simply combine the overlap cases from the cellphone and the landline side, we have 1,414 overlap completions, representing 85.4% of the combined sample.  These would need to be weighted downward to match the 75.3% of the population that we estimate to be in the overlap segment.  LLOs would also be weighted downward.

An alternative approach would assign higher weights to the overlap cases reached through the cellphone sample.  The PWC results (not shown here) as well as results in other published studies show that overlap cases reached through the cellphone differ demographically and in other respects from overlap cases reached through landline (** cites here).  Weighting up the former cases might increase the representativeness of the sample.  In theory, if we had called every working phone number in the county, including both landline numbers and cellphone numbers, then each household in the overlap sample would have had an equal chance of being reached via one type of phone or the other.  It follows that, if our cellphone sample had been sized to match the incidence of cellphones in the county relative to the incidence of landline phones, and if response rates were equal in all segments, then half our overlap cases would have come from the cellphone side and the other half from the landline side.  Table 7 shows the weighting that would be needed to achieve this distribution.   To achieve equal sample sizes between the two parts of the overlap segment would require that we weight up the overlap cases reached through the cellphone sample by a factor of 5.6, and downweight those reached via landline to half their unweighted size.  This seems extreme and unwise, and would carry a considerable design effect penalty in the final calculation of sample variances.  

Accordingly, we settled on a less extreme weighting scheme, seen in Table 8.  We arbitrarily weight up the cellphone portion of the overlap sample by a factor of 2, and then weight the landline portion of the overlap sample by a weight (.786) that yields a correct overall proportion for the overlap sample (75.3% of total sample).  In future surveys of this locality, we will probably choose a larger sample size for the cellphone sample, allowing us to use smaller weights for the cellphone cases in the future.  In work not shown here, we have been exploring the optimum sample size for this dual-frame design, using the formulas given by Hartley (1964).  These calculations suggest that, for most measures, we would be closer to optimum sampling if we increased the proportion of cases drawn from the cellphone frame, while decreasing the overall sample size to keep costs in check.  
Estimates for local survey 2: Albemarle County 2008

In summer 2008, CSR completed a citizen satisfaction survey of Albemarle County, Virginia, a high-income suburban county surrounding the city of Charlottesville.  This biennial survey had previously been based on traditional RDD, but in 2008 we used a triple-frame design similar to that used in the PWC study.  The sampling, screening questions, and interviewing protocols were nearly identical to those used in the PWC study, and the questionnaire was of similar length and scope, covering citizen satisfaction with government services and opinions on local policy issues.  The 155 cellphone completions included only 21.9% CPOs.  In contrast, the percent of LLO’s (17.2%) among the landline completions was far higher than what we saw in PWC.  


When we apply the formulas and the response rate ratios derived from CHIS, we get the results shown in Table 9:  8.4% of the total CPO, 10.2% is LLO, and the remaining 81.4% is in the overlap segment.  We were somewhat surprised that the percentage of CPOs was not higher, because of the presence of the University of Virginia and its large numbers of college students, a demographic group that has wholeheartedly adopted the wireless lifestyle.  On further analysis, we realized that a large proportion of these students bring their cellphones from their home areas, and do not have phone numbers from the local telephone exchanges that we sampled.  In other words, there is probably a substantial local college population that was not covered in our sampling frame, because it was drawn solely from the 434 area code.  Another reason for the fairly low CPO percentage is that the county has substantial sections where cellphone coverage is spotty, especially for several national carriers that have aggressively marketed in the region.  Thus, some local residents cannot rely on their cellphones working as they move about the Charlottesville-Albemarle area. 

In weighting these data, we again limit the proportion of the overlap sample that is drawn from the cellphone side by arbitrarily capping the weight for that sub-segment at 2.0.  Interestingly, the weight on CPOs in this survey is similar (1.8).  

Estimates for local survey 3: Chesterfield County 2009
In Spring of 2009, CSR completed a triple-frame telephone survey in Chesterfield County, Virginia, a large suburban county adjacent to Richmond, the state capital.  Previous surveys, conducted every three years, had been done using RDD sampling (and were performed by another university’s survey center).  The methods used were again quite similar to those used in the PWC 2008 and Albemarle 2008 studies.  Table 10 shows the results for this locality, again applying the same estimation method.  Here our cellphone sample included 20.4% CPOs, while the landline sample yielded 12.4% LLOs.
When the population phone segment distribution is calculated by application of the response rate ratios derived from the comparison of CHIS to NHIS, we estimate that 8.0% of households in the county are CPOs, 7.2% are LLOs, and the remaining 84.8% are dual-phone households.  In this survey, our cellphone sample was only a tenth as large as the landline sample, so it is necessary to weight up the CPOs by a factor of 4.3.  Again, we limit the weight on the overlap cases reached via cellphone to a value of 2.0, and modestly downweight the landline cases.  Chesterfield’s estimated phone segment distribution is similar to PWC’s in the fairly low number of LLOs in the county, but it has a substantially lower CPO percentage than PWC.  

Table 6.  Initial segment weights for PWC 2008

	
	
	Cell phone sample
	Landline sample
	Combined samples
	Est. true
	Weight
	Weighted N

	cell only
	a
	76
	40.6%
	11
	0.7%
	87
	5.3%
	0.190
	3.608
	314
	19.0%

	both
	ab
	111
	59.4%
	1303
	88.8%
	1414
	85.4%
	0.753
	0.882
	1247
	75.3%

	LL only
	b
	--
	--
	154
	10.5%
	154
	9.3%
	0.057
	0.613
	94
	5.7%

	
	
	187
	
	1468
	
	1655
	
	1
	
	1655
	


Table 7.  Segment weights with equal split of overlap--PWC 2008

	
	
	Cell phone sample
	Landline sample
	Combined samples
	Est. true
	Weight
	Weighted N

	cell only
	a
	76
	40.6%
	11
	0.8%
	87
	5.3%
	19.0%
	3.61
	314
	19.0%

	overlap--cell
	ab
	111
	59.4%
	
	
	111
	6.7%
	37.7%
	5.62
	623
	37.7%

	overlap--LL
	ab
	--
	
	1303
	89.4%
	1303
	78.7%
	37.7%
	0.48
	623
	37.7%

	LL only
	b
	--
	--
	154
	10.6%
	154
	9.3%
	5.7%
	0.61
	94
	5.7%

	
	
	187
	
	1457
	
	1655
	100.0%
	1
	
	1655
	100.0%


Table 8.  Segment weights with restricted weight on overlap HH reached via cellphone--PWC 2008

	 
	 
	Cell phone sample
	Landline sample
	Combined samples
	Est. true
	Weight
	Weighted N

	cell only
	a
	76
	40.6%
	11
	0.7%
	87
	5.3%
	0.1897
	3.608
	314
	19.0%

	overlap--cell
	ab
	111
	59.4%
	 
	 
	111
	6.7%
	0.1341
	2.000
	222
	13.4%

	overlap--LL
	ab
	--
	 
	1303
	88.8%
	1303
	78.7%
	0.6191
	0.786
	1025
	61.9%

	LL only
	b
	--
	--
	154
	10.5%
	154
	9.3%
	0.0570
	0.613
	94
	5.7%

	 
	 
	187
	 
	1468
	 
	1655
	100.0%
	1.0000
	 
	1655
	100.0%


Table 9.  Albemarle County 2008: Segment weights with restricted weight on overlap HH reached via cellphone

	 
	 
	Cell phone sample
	Landline sample
	Combined samples
	Est. true
	Weight
	Weighted N

	cell only
	a
	34
	21.9%
	1
	0.2%
	35
	4.6%
	0.0841
	1.8433
	65
	8.4%

	overlap--cell
	ab
	121
	78.1%
	
	 
	121
	15.8%
	0.3155
	2.0000
	242
	31.6%

	overlap--LL
	ab
	--
	 
	506
	82.7%
	506
	66.0%
	0.4984
	0.7555
	382
	49.8%

	LL only
	b
	--
	--
	105
	17.2%
	105
	13.7%
	0.1020
	0.7448
	78
	10.2%

	 
	 
	155
	 
	612
	 
	767
	100.0%
	1.0000
	 
	767
	100.0%


Table 10.  Chesterfield County 2009: Segment weights with restricted weight on overlap HH reached via cellphone

	 
	 
	Cell phone sample
	Landline sample
	Combined samples
	Est. true
	Weight
	Weighted N

	cell only
	a
	32
	20.4%
	1
	0.1%
	33
	1.9%
	0.0799
	4.2927
	142
	8.0%

	overlap--cell
	ab
	125
	79.6%
	 
	 
	125
	7.0%
	0.1409
	2.0000
	250
	14.1%

	overlap--LL
	ab
	--
	 
	1416
	87.6%
	1416
	79.8%
	0.7072
	0.8860
	1255
	70.7%

	LL only
	b
	--
	--
	200
	12.4%
	200
	11.3%
	0.0720
	0.6386
	128
	7.2%

	 
	 
	157
	 
	1617
	 
	1774
	100.0%
	1.0000
	 
	1774
	100.0%


Discussion

We are in a period of rapid change in phone service and in our knowledge of how to sample and interview cellphone users.  The need for usable local estimates of phone service segments is great, and cannot practically be met by separate NHIS-like in-person surveys at the local level.
We have shown how to calculate population phone-service segments from the percentages shown in the collected sample data of a local dual-phone survey, given overall estimates of the response rate ratios for overlap cases compared to cellphone-only [CPO] and landline-only [LLO] cases, respectively.  This method recognizes the problem of overcount of CPOs and LLOs, but works from the locally collected data rather than imposing national or statewide phone-service distributions on the locality without regard to the locally observed results.
The sampling methodologies and survey protocols used in the three local studies discussed above were all highly similar.  All three used triple-frame samples (reduced in our analysis to dual-frame form.)  The phone samples were all purchased from the same source (SSI) with similar specifications.  The scope of the surveys, the introductions, and the fielding methods were all highly similar, although the specific content of the survey questions varied across localities.  It is important to note that the percentages of CPOs and LLOs found in these localities differed substantially.  The method proposed here attempts to exploit the information implied in these observably different outcomes of the same sampling procedure, rather than taking the approach that NHIS is the ‘one size’ that ‘fits all.’
In calculations and results not shown here, we have further refined the method to work with observed phone-usage distributions in the overlap sample, as observed from the cellphone and landline sides of the dual-frame design.  If specific response rate ratio estimates are available for those who mostly use the cell phone, those who mostly use the landline phone, and those who use both about equally (in this case, derived by comparing CHIS 2007 to Western region results from NHIS 2007), then these can be used to derive locality-specific estimates of the phone-usage distribution and of the overall response rate ratios.  These local response rate ratios can then be used to derive phone-service distributions for the local population, which can in turn be used in constructing post-stratification weights for the collected dual-frame survey data.

An advantage of this method is that it would allow for change or variation in overall response rate ratios as the distribution of cases across the phone-usage segments changes or varies across localities.  That is, as more people move from ‘landline mostly’ to ‘equal’ or ‘cell mostly,’ our estimates of the overcounts of cell-onlies and land-line onlies, and hence our estimates of the phone-service segments, would change appropriately.  However, in the case of the PWC 2008 data the refinement did not greatly change the overall estimates of the phone-service distribution in the locality under study, so we have not included the details in this paper.
There are several important limitations to the work completed so far on this method.

· We have not addressed the issue of whether cellphone cases should be treated as individual or household responses, and how that affects their proper weights in relation to the landline data or the estimate of phone-service segments in the population. 

· We have not addressed multiple cellphone households or shared cellphones and how these issues might affect weighting and estimation.

· We have assumed that NHIS data are identical to population data, ignoring various possibilities of survey error in NHIS.

· We have also assumed zero survey error in the CHIS and in the county surveys.

· We have assumed that California (as measured in CHIS) is highly similar to the entire Western region as measured in NHIS.

· We have assumed that the behaviors and technological adaptations that create response rate ratios for specific phone-usage segments are constant across geographies and consistent from 2007 to early 2009.  This assumption is potentially testable as additional surveys are completed that can appropriately be compared to ‘gold standard’ data sources like the NHIS.  As newer data are collected that are comparable to NHIS data, our estimates of the response rate ratios can be updated accordingly. 
Despite these limitations, this paper has tried to suggest that we may be able to estimate the phone segment distributions in local areas ‘from the ground up,’ using information derived from our collected data that tells us something about local conditions affecting choices of phone service.  The results of such estimation should yield more accurate population estimates by correctly combining results from the landline and cellphone sides of our dual-frame telephone sampling efforts in each unique locality.
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Realized ab as a proportion of frame 2 (landline sample):
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