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Abstract

Dual-frame (cell phone and landline) random digétl RDD) surveys greatly reduce
coverage errors in a variety of survey estimatespared to landline-only RDD surveys.
However, for state and local surveys, the choicecaftrol total sources for post-
stratification of the cell phone sample has beenitdid. Marketing Systems Group
(MSG) produces quarterly county level estimates gooportion of cell phone-only
households in a county based on phone number assiga and administrative
databases. Since these estimates are producsechétler geographical areas, their use
can potentially improve estimates in dual-frame RBDveys. We study the impact of
using MSG county-level estimates as control totafspost-stratification weighting on
estimates in California Health Interview Survey 2D12. Changes in the weighting
process and qualities of the weights and estin@igelated with cell-only phone (CPO)
use are addressed. Results show that although @herdifferences in the weights and
estimates of CPO use, estimates produced usingetveweights are not significantly
different from estimates produced using the curresighting methodology at the state
level.

Key Words: Cell phone only population, weighting adjustmemlth survey,
California Health Interview Survey, Dual-frame RIHampling

1. Motivation and Overview of the RDD Control Total Landscape

The California Health Interview (CHIS) uses a dfratne (landline and cell) random
digit dial (RDD) sample and post-stratifies its response-adjusted person-level weights
to population totals of three telephone service @lamas part of the weighting process
(California Health Interview Survey, 2014a): totaérsons in households with only
landline service, persons in households with oely ghones and persons in households
with both landline and cell service (i.e., dualtys&he National Health Interview Survey
provides the source of control totals for this atiuent. The CDC (Centers for Disease
Control and Prevention) reports cell phone usehim U.S. through the NHIS Early
Release Program, (NHIS Wireless Substitution seeperts, Blumberg & Luke., 2013).
These reports include estimates of households argbps by telephone use status for
selected demographic groups and geographic aretag i0S. While they were ground-
breaking in their ability to track the cell-phonehp (CPO) population in the United
States, they have some limitations when used asntot total source, especially for
surveys of smaller and local geographies like CHI&e standard NHIS Wireless
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Substitution reports do not typically provide separestimates for California or any other
state for that matter, but include estimates faheaensus Region. Census Region is the
smallest geography available in the public repofts.obtain the estimate breakdown
within that region that CHIS requires for weightirggrequest is made to CDC for the
special tabulation of the West region. While thestimates have served CHIS well in the
absence of any other sources, the estimates adeqao using the two latest quarters of
NHIS data. As a result, there is a time differebetwveen the period covered by NHIS
estimates and when the CHIS data is weighted. 0$tdigation of using NHIS estimates
for the West region for CHIS is that California qomses 52 percent of the West region.

Beginning in 2009, the CDC published separatedrtepuith estimates by telephone use
at the state level and for the largest countiethénstate (Blumberg, Ganesh, Luke, &
Gonzales, 2013). These reports are part of the NMIBless substitution state-level
series which are published yearly since 2011. Tépont includes estimates for
California, for six single counties and two grougfscombined counties in the state.
However, since these reports are not part of théS\Barly release program, they are not
published as close to the time the data was cellegs$ the national estimates. The sample
used to compute the state level estimates is t¢etleduring the course of one full
calendar year and estimates are computed usingnbication of design based and
synthetic estimates using small area methods. Qaesdly the estimates have a time lag
of over a year from the time the data were colidtethe time they are released. For
example, the latest report published in Decembé&B2fcludes state level estimates for
year 2011-2012. Although these estimates are arlggbgraphic match for CHIS control
totals, they may not be accurate enough as cotitals for a current survey (i.e.
conducted in 2013) due to rapid changes in celhphese in the population.

In 2013, Marketing System Group (MSG) began relgpsin alternative estimate of the
cell phone only (CPO, or cell-only) households et state and county levels. These
estimates are based on a combination of administregcords for telephone assignments
along with postal records on dwelling units alongjhwstate and 5-year county-level
estimates of household telephone prevalence framAfmerican Community Survey.
Wherever possible, each of the components of thethmates is based on the most recent
guarterly update. Estimates of the proportionetéghone households that are CPO are
then computed for every county within the Unitedt&s. While these estimates are based
on multiple and primarily administrative sourcdseyt do offer a few advantages when
compared to the NHIS estimates. First, the comdrtals are developed at the county level
and provide direct estimates of lower-level geobyathan is not available from NHIS
(NHIS only provides modeled estimates at the colewgl, and then not for every county
in the U.S.). Second, these estimates are relepssgterly, making them more useful for
short-term or one-time surveys over a specific tipeeiod. If for example, a sample
survey is planned to field in June, then the CR@srfor that quarter can be used and are
preferable to those that might have been releasesay January as there are local
fluctuations in CPO rates, especially for smalleurtties. The frequency of release also
likely means that the totals are a more accurafiecton of the telephone user
populations at the time of sampling and represemtentocal fluctuations in the CPO
landscape of a given area. While the general f@n@PO rates is in an upward direction
(Blumberg & Luke., 2013), not every county exhilatpositive CPO growth quarter over
guarter. This fluctuation is especially apparensinaller counties that are sensitive to
small changes in the landline population as wellsaasonal counties that service
recreational or educational populations. In thosanties the underlying number of
telephone households exhibits seasonal patterndlagtdations that in turn affect the
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overall CPO rates. Third, they may be more accumtéocal areas simply due to their

input sources (i.e., telecommunication active rdsodatabases that provide nearly
complete coverage of every county in the U.Syerall, the frequency of their release
and detailed geographical level make these MSGdigappealing as a potential source
of control totals for the telephone service poat#tcation in CHIS and other dual-frame

RDD surveys.

In this paper, we evaluate the impact of usingMI8G telephone use domains as control
totals for CHIS weighting as compared to the curresighting methodology. We assess
the impact on the weighting process, final weights] substantive estimates produced
with CHIS data. In this analysis, we use data frolIS 2011-2012 that was post-
stratified to control totals derived from the fitsto quarters of the 2012 NHIS for the
West region (California Health Interview Survey,12@). For the comparison, we
developed an alternative set of weights where thights are post-stratified to control
totals derived for the MSG proportion of cell-omguseholds by county in California for
the first quarter of 2013. Section 2 describes @S weighting process focusing on
steps for telephone use poststratification. Secdidnghlights the changes to the CHIS
weighting process required to produce weights basethe MSG CPO Control Total
Estimates (CTEs). Section 4 compares the weigbtted with NHIS and MSG control
totals and the results of analyses comparing tffereinces of state and county level
estimates on key substantive survey variables. fifla¢ section discusses our findings,
recommendations and future research.

2. Weighting adjustmentsin the California Health I nterview Survey

The CHIS weighting approach is a standard desigedbadual-frame method that is
consistent with the sampling methods used duringpi® selection. In CHIS,
adjustments are applied to the weights to comperisatoth the telephone number and
person probability of selection and other factoesuifting from the design and
administration of the survey. The specific detaifsthe weighting methodology are
reported elsewhere (California Health Interviewveyr 2014a), but we summarize the
three distinct weighting passes in Figure 1A.

The first phase adjusts base sampling weights doresponse and subsampling at the
screener and extended interview separately by sanfreample: landline or cell phone
frame. In Phase 2 the landline sample is furthetitipaned into those respondents who
report living in landline-only households and theg®o report living in households with
both landline and cell phones (i.e. dual usersk €éll sample is partitioned similarly
into those respondents who report living in cellydmuseholds and those who are living
in households with both types of phones (i.e. disgrs). In each of these 4 subsets, a
poststratification adjustment is performed using &ppropriate CTEs from the NHIS.
After poststratification, a compositing factor ipptied to dual users from both the
landline and cell phone samples so that the finaigkts sum to the population of
California Adults (and children). In phase 3, tlenbined sample (i.e. from both landline
and cell samples) is raked to population total ddferent demographic and socio-
economic characteristics. The weights producedgutsia NHIS control totals are called
NHIS weights thereafter. In this paper we focusattention on the ADULT sample and
derive estimates using responses and weights ceohfraim the adult respondents.

Wwireless only household estimates are availabletigt//www.m-s-g.com/Web/genesys/wireless-
estimates.aspx
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To better understand the effect of these adjussneve examined the estimates of the
proportion of CPO adults in the state throughoatttiree phases. At the end of Phase 1,
the proportion of CPO adults was 0.3469. In phaseeroportion of CPO adults in the
NHS control total was 0.3472. After poststratifioat the adult CPO proportion was
0.3483. After raking in Phase 3, the proportiorC8O adult estimate after raking to the
demographic variables was 0.3535. The differencthénstate CPO estimate computed
the NHIS weights and the control total was 0.0052.

3. Modified CHISweighting process with M SG county-level totals

The main difference between the NHIS and the MSj@saients is the geographic level
of the adjustment. While the NHIS estimates ared ueepoststratify the weights to the
population in the state, the MSG estimates allowSP® use adjustment at the CHIS
reporting areas (i.e., the CHIS reporting areasespond to single counties or group of
counties). We expect this adjustment to improveestimates of variables correlated to
CPO use in the smaller reporting areas.

The CHIS-MSG weighting process modifies the CHI8ndard weighting process by
using MSG CTEs for CPO households available forheagunty in California. The
CHIS-MSG process also has three phases as depidiglure 1B. Phase 1 and 3 remain
unchanged and the differences between the weightigesses are found in Phase 2.

As in the CHIS weighting, the landline sample istiianed into those landline-only
respondents and dual users in Phase 2. The ogfilsas partitioned similarly into cell-
only respondents and dual users. The dual ussrsbioth samples are combined using a
compositing factor in the same way as in the CHEghting process. The cell-only
respondents and the grouped landline-only/dualsuaee then poststratified to MSG
control totals at the county level separately. Tdraline users and dual users need be
combined before they are poststratified becaus&eautiie NHIS CTEs that are available
for all groups defined by telephone service, theGUSTES are only available for cell-
only respondents. When landline-only and dual-usespondents are combined and
adjusted as a single group, it is implicitly assdnie that there are no differences in
response rates between these groups. This assammpéip not hold in practice but the
landline-only population is becoming smaller as enpeople abandon their landlines.

Similar to the NHIS telephone use estimates, theGM3PO estimates cannot be used
directly. In the MSG estimates are percentagesRfd @ouseholds by county. Assuming
that CPO households have in average the same nwhipersons as all households in
the population, we computed the percentage of CR@Gops in the county. The
percentage of CPO persons in the county is theliedpm the county CHIS population
estimates to produce the county control total byoGfatus at the county level. In the
MSG CPO poststratification, there are 44 reportingas that yield 88 poststratification
cells. The weights produced using the modified Waim process with the MSG totals
are called MSG weights thereatfter.
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Figure 1: A (top) Current CHIS weighting process aBdbottom) the modified CHIS weighting
process using MSG county-level control totals.

As in the NHIS weights, we examine how the proportof CPO adults changes
throughout the three phases of weighting. As in @IS weighting process, the
proportion of CPO adults was 0.3469 at the endhafsE 1. In the Phase 2, the proportion
of CPO adults in California derived from the MSGntol totals was 0.3640. After
poststratification, the proportion of CPO adultgalifornia was 0.3348. This proportion
did not match the MSG numbers exactly because tl& MCPO estimates include
children. In Phase 3, the proportion of CPO adafter raking was 0.3457. This was
0.0078 smaller than the adult CPO estimate compuged) the NHIS weights. We were
surprised at how close the CPO estimates were éefiod after the adjustments at the
state level despite the counties were adjustedaeha

4. Comparison of resultsof NHIS and M SG weighting methods

Table 1 shows the summary statistics and distobstiof the two sets of weights. The
MSG weights have a smaller coefficient of variatias a result; they have less variability
than the NHIS weights.

Overall, an examination of the resulting final wetig for the adults in the CHIS sample

reveals a strong correlation between the CHIS artdS@/SG final weights (the
regression line has a slope of 0.95 and the cdioelas 0.97). These results are not
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surprising because the weights share most of tlghtireg adjustments were raked to the
same raking cells.

Table 1: Summary statistics for the NHIS and MSE weights

Statistics Weights Distribution Weights
NHIS MSG NHIS MSG

N 42,935 42,933Minimum 3.3 3.7
Sum 27,796,484 27,796,484 ower Quartile 147.9 159.7
Mean 647.4 647.4Median 327.5 344.4
Standard 908.0 893.8Upper Quartile 755.5 737.6
Deviation

Coefficient of 140.3 138.1Maximum 15,315.2 13,583.9
Variation

There are also differences in the coefficient ofiation (CV) for each set of final
weights. On average, the MSG CVs are 4 percentientiahn the NHIS CVs but there is
a large variation among the reporting areas. Th&NMYs can be 30 percent higher or
lower than the CVs of the NHIS weights. These d#fees are mainly found in reporting
areas for rural counties which also have smalletpda sizes.

4.1. Comparison of CPO estimates

In order to evaluate the impact on the estimatéiseatounty level, we first analyzed how
the estimated proportion of CPO adults changes afteh adjustment separately for each
set of weights and reporting area. We only consitianges in CPO estimates computed
within each of the three distinct phases of eaclghteng method: Phase 1: pre-
postratified weights; Phase 2- poststratified amanmosite weights and Phase 3-
final/raked weights. These estimates for the 4bnténg areas (i.e., counties) for these
two sets of weights are shown on the right sid&igtire 2. The figure shows that the
largest changes in the CPO estimates in the NHIight&e are the result of the raking
adjustment. This is expected because the NHISHhelep use poststratification does not
affect the weights within a county (e.g., most CPSlimates stay the same after this
adjustment). There are also some reporting areafs stay constant throughout the
adjustments. In contrast, the left side of Figurshdws the opposite behavior in CPO
estimates computed using the MSG weights. The dargeanges are the result of the
CPO poststratification adjustment. In contrast, weéghts after raking tend to maintain
the same CPO estimates in most counties. Thesevalisas suggest that for a large
number of reporting areas, the raking adjustmettierNHIS weights and the MSG CPO
poststratification adjustments are similar. Thisnst entirely surprising because the
raking dimensions include proxy socio-economic alalgs in addition to the
demographic variables. In this situation, CPO ume lbe modeled using the variables
used in raking.
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Figure 2: Changes in county-level CPO estimates from threpssin CHIS and CHIS-MSG
weighting process; (1) after weight but before gxisttification, (2) after post-stratification, and
(3) after raking. NHIS (a) and MSG (b) weights eoenpared.

Figure 3 directly compares the CPO adult propostiproduced with the NHIS and MSG
weights by county (i.e. reporting area). The ldages indicates the estimated proportion
of CPO adult in the reporting area computed usimgNHIS weights (i.epXiS) while

the red series indicates the same proportions boipated using the MSG weights
(i.e.,p455). The proportions are ordered from right to left ibcreasing values of the
differenced = pMs¢ — pXH1S so reporting areas with the similar estimates ifalthe
middle of the plot. The shaded rectangle indicatgmorting areas where the relative
differencer% = |100d/p¥:5 | is less than 10 percent. The horizontal in thet plo
indicates the NHIS CPO state level estimate. Ineggnthe proportions of CPO adults
from the NHIS trace the MSG proportions. Howevdreyt have noticeably-different
values for those areas at the both sides of thie bt example, the MSG CPO adult
proportion is almost half of the NHIS CPO adult podtion for the reporting area that
includes Colusa County and Glenn County. The reversrue for El Dorado County on
the right side of the plot. Some of these diffesmncan be the result of sampling
variability because areas outside the shaded aea &n average sample size of 650
adults while the average sample size of the ramgpdiea within the shaded area is 1,023
adults (excluding Los Angeles County with a sangige of 9,009 adults). In the CHIS
sample design, reporting areas that representcaueities are allocated smaller samples.

4.2 Comparison of estimates correlated with CPO use

The primary goal of CHIS is to provide statewidel @ounty-level estimates, so we need
to assess whether the estimates computed usiniyl§@ weights are systematically

different from those estimates computed using thkS\weights at the state and county
levels.
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Figure 3: NHIS and MSG CPO adult estimates by reportingsarea

Since there are no figures that can be used asstanddiard, we cannot determine the set
of weights that produces estimates with the sntali@san squared error. Instead we
carried out an indirect analysis that examinesdifferences between the estimates and
their correlations between these variables and GR@s. We focused on estimates of
variables that are highly correlated to CPO stateviously reported in the literature
listed in Table 2The table shows the correlation between the prapoxf the
variable (p)H'5) and the proportion of CPO use by reported argg:f)
computed using the NHIS weights for all reportimgas. The high correlation
between the variables and the CPO use is also\wadgsen the CHIS data as
shown in the table except for the variables ASTGURRgnosed with asthma) and
BINGE12 (Binge drinking in past 12 months).

Table2: CHIS variables correlated to CPO

Variables Description Correlationp-value
POVLL Under 100 % poverty line 0.69 <0.0005
INSANY Uninsured in past 12 months 0.61 <0.0005
SRTENR Own house -0.53 <0.0005
AC32 Had alcohol past 12 months -0.61 <0.0005
AE30 Had flu shot in past 12 months -0.54 <0.0005
AH16 Delayed getting prescription in past 12 months 0.31 0.041
ASTCUR Diagnosed asthma 0.01 0.935
SMKCUR Current smoker 0.25 0.102
INSMC Covered by Medicare -0.62 <0.0005
INSMD Covered by Medical 0.58 <0.0005
USUAL gg\\lliieusual place to go to when sick or needingheal 05 <0.0005
BINGE12 Binge drinking in past 12 months -0.09 ®.56

Several of these variables show a geo-spatial ioakttip between their mean or
proportion and CPO rates across counties — astddpit Figure 4 for the percentage of
families in a county that are under the poverte.liThis increases the likelihood of
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detecting differences in the estimates producedhleytwo sets of weights, especially
among the CPO telephone usage domains. While weddidresent telephone household
sub-domain estimates (i.e. adults from CPO houdshabmpared to adults from

landline-only households, for example) we wouldepntpeven more marked differences
in final estimates derived using these two weightinethods within the adult CPO

subdomains for many of these variables.

CPO (July 2013)

46.75% - 69 54%

@ oson-asman
@ 3426%-4058%
@ 26.08%-3425% [
- 17.48% - 26 07%
2014 Families
% Below Poverty
I 7 o7e-2222%
I 27 - 17735
| 9.98% - 12.26%
6.89% -9.97%
4.78% - 6.88%

Figure 4. Map depicting the percentage of families withisleaounty in California as well as the
percentage of telephone households within the goilnait are Cell Phone Only (CPO). The map
was generated by MSG using MSG CPO CTEs for eaghtgo

In the next part of the analysis, we examine tlaestevel differences between the

estimates computed using the two sets of weightsguthe same variables. The

differences between the state level estimatesistexllin Table 3. Although there are

differences, these are very small with an averafference of 0.002 and the maximum

absolute difference of 0.0098 for variable AC32d(tedcohol past 12 months). In this

case, the estimates are substantially similar amaldMead to the same conclusions. At
least for the variables highly correlated with pdlene use, no significant changes in the
state level estimates are observed. A more complatlysis includes other variables not
correlated with CPO use to determine if the santiepaholds.

In the last part of the analysis, we compute theneses and differences in estimates
based on using the two sets of weights for the ssahef variables for all reported areas
in CHIS. There are a total of 1,056 estimates @&®idfferences. The summary statistics
of the differences is found in Figure 5a.
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Table 3: State level differences of estimates computed Nkh& MSE weighr

Variables Description Difference
POVLL Under 100 % poverty line +0.0062
INSANY Uninsured in past 12 months +0.0021
SRTENR Own house +0.0000
AC32 Had alcohol past 12 months +0.0098
AE30 Had flu shot in past 12 months +0.0002
AH16 Delayed getting prescription in past 12 months -0.0012
ASTCUR Diagnosed asthma -0.0004
SMKCUR Current smoker -0.0002
INSMC Covered by Medicare -0.0015
INSMD Covered by Medical +0.0059
USUAL Have usual place to go to when sick or negdiealth advice  +0.0026
BINGE12 Binge drinking in past 12 months +0.0022
Summary Statistics of state level differences
Mean 0.0021
Standard deviation 0.0035
Minimum -0.0015
Maximum 0.0098

Figure 5a shows that for county level estimates differences between the estimates are
very small with an average of 0.0017 (less tharp@rzent). To examine the distribution
of the differences, Figure 5b shows the plot ofage® analysis of the absolute value of
the differences. The analysis shows that 69 pefethe differences (366 cases) are less
than 0.01. Furthermore, 90 percent of the diffeesnigave an absolute value less than
0.023. Considering that in most cases the sampliray is larger than these magnitude of
these differences, it is not possible to determifnthese differences are statistically
different from zero. Nevertheless, there are fesasmwhere the differences are large. For
example, the largest absolute differences are Of@68ariable SRTENR (Own house)
for EI Dorado County and 0.065 for POVLL (Under 1%0poverty line) for Mendocino
County. There may be some reporting areas wherestimates computed the MSG
weights may have better properties, but the datisaeplace the NHIS weights would
depend on the particular area.

Distribution of Differences
Between MSG and NHIS Estimates

Summary statistics of differences sfimates
based on NHIS and MSE weights by
reporting area

110%
100%
90%
80%
70%

Statistic Value
Number of differences 528 o
Mean 0.0017 ot
Standard deviation 0.0143 o
Minimum -0.0534
Medlan 00016 Bin (Difference)
Maximum 0.0682

(@) (b)

Figure5: Summary statistics of differences and Pareto ammaly
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5. Conclusions and Extrapolations

We found no significant differences between estmgtroduced using the NHIS and
MSG weights at either the county or state levelg Wink that is because the raking
adjustment in the NHIS weights has a similar effast the county level CPO
poststratification adjustment in the MSG weightéthdugh there are some small areas
that could benefit from the change, for the most, plae estimates are same.

As a cautionary note, researchers should not junysing county-level control totals, but
neither should they be concerned about major chwimgestimates. At the state level and
for the largest counties, estimates were almostticl regardless of the control total
source.

Small counties exhibited over-estimates, or undérmates with the county-level source,
relative to the region-level source, with no obwdiint as to what would cause a positive
or negative difference. However, it is importantnimte that after controlling for sample
size (e.g., testing the difference between coumtgllestimates under each control total),
none of the county level differences were statdiic different. CHIS county-level
samples can be small (n=400 in some areas), serdatiff results might be seen with a
different allocation or larger overall sample siger county. These caveats make it
difficult to generalize our findings beyond CHIS &l state-level dual-frame RDD
surveys with geographic areas.

The alternative control total source is not withitsithallenges. In addition to differences
in its source, the specific control populationsedfically children and adolescents, are
not available in the county-level source. The aurreomparison focused on adults;
therefore the effect on these groups needs to umtest too. Although we have been

comparing estimates from weights produced using $eparate sources, there is no
reason these cannot be combined. A combined agpmag solve the problem of not

adjusting children or persons in landline-only rehmds and persons in households with
both services.

Additional areas of research are the evaluatioestimates at the county level separately
by telephone usage for children and alternativeswafycombining both NHIS and MSG
control totals.
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