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1.0 Introduction
The goal of the Woman to Woman Health Study (WWHS) was to measure the incidence of vulvodynia in the Metro Detroit region.  Using telephone numbers selected from both landline and cell phone Random Digit Dial (RDD) sampling frames, women in the metro Detroit are ages 18 and older were indentified and recruited via the telephone to participate in an in-depth interview and physical at a nearby University of Michigan hospital.  Survey Research Operations (SRO) completed the telephone screening component of the WWHS.
The telephone screening data collection was divided into two distinct phases.  The first phase consisted of calling landline telephone numbers located in the metro Detroit region to recruit 2,501 women ages 18 and above to participate in the in-person interview from September 16, 2008 through October 12, 2009.  At the end of the first phase, not as many 18-29 year old women had been recruited as desired and funds were still available.  As a result, the second phase, which ran from October 27 and November 29, 2009, consisted of calling cell phone numbers believed to be located in the metro Detroit area to recruit 37 eligible women between the ages of 18-29 to participate in the in-person interview/physical.
This document details the WWHS sample design as well as the sample selection and weighting procedures completed by the SRO Statistics and Methods Unit.  The remainder of the document is divided into five main sections: (1) Landline sample design and results; (2) Cell phone sample design and results (3) Dual frame selection weight creation; (4) A comparison of the WWHS selection weights to population estimates.
2.0 Landline Sample Design and Results 
2.1 Target Population
The WWHS landline sample target population was all women ages 18 and above in the Michigan counties of Livingston, Oakland, Washtenaw and Wayne.  

2.2 Sample selection

Genesys, a Random Digit Dial (RDD) telephone frame vendor, selected the systematic with replacement landline RDD samples.  The landline RDD frame contained 4,230,400 numbers.  Rather than buying all of the landline telephone numbers that the SRO Statistics and Methods Unit estimated would be needed to achieve 2,500 screening interviews at once, the WWHS purchased four separate batches of sample over the nearly thirteen month landline data collection period.  The four separate sample purchases allowed the WWHS to use the results from the first sample purchase to provide sampling statisticians with empirical sampling rates to determine the number of sample lines to purchase in future batches.  It also gave the sample design more flexibility, such as allowing the geographic restrictions of the target population to change if need be.  Since the samples were selected with replacement and the geographic area was rather small, each successive sample batch contained increasing amounts of telephone numbers which had also been selected in previous sample batches.  These duplicate telephone number selections were removed before calling.    

2.3 Landline telephone screening using an autodialer
After removing these duplicate sample selections but prior to calling by Survey Research Operations (SRO) interviewers, the selected landline telephone numbers were autodialed by Genesys to identify telephone numbers that were not in service.  This autodialing procedure is a cost saving procedure.  It is cheaper to pay Genesys to have one of their autodialing machines dial every telephone number in the sample batch and determine not in service and business landline numbers rather than having interviewers spend time calling these numbers.  While the autodialing procedure is not able to identify all not in service and business numbers, it greatly reduces the amount of not-in-service numbers in the sample.  Table 1 compares the original amount of landline telephone numbers purchased, the landline telephone numbers remaining after removing duplicate selections, and the landline telephone numbers remaining after removing not in service numbers via autodial screening for each sample batch

Table 1: A comparison of the amount of telephone numbers removed from each landline sample batch prior to calling 
	
	Landline numbers purchased from Genesys
	Landline numbers remaining after removing duplicate selections
	Landline numbers remaining after removing not in service and business numbers

	Batch 1
	6,000
	6,000
	2,269

	Batch 2
	13,500
	13,476
	5,040

	Batch 3
	10,400
	10,368
	3,893

	Batch 4
	8,100
	8,049
	2,508

	Total
	38,000
	37,893
	13,710


2.4 Changing the within household selection procedure for landlines

As mentioned in the introduction, the WWHS encountered difficulties in finding young women to participate in the study.  The first attempt to find more young women to participate was to give women ages 18-39 a higher chance of selection than women forty and older in landline households that contained women both forty and older as well as women age 18-39.  On December 23, 2008, the WWHS adjusted the within household selection procedure so that in households that had women forty and older and under forty, the women under forty had five times the chance of selection than the women forty and above.  If the household contained only women under 18-39 or only women forty and above, each woman had an equal chance of selection.

2.5 Changing the eligibility criteria of the landline section study

Unfortunately, the change in the household selection procedure did not succeed in identifying and selecting younger women because there were not many households that had both women ages 18-39 as well women forty and above.  The majority of households for which interviewers completed a household listing of the women eighteen and above only contained women over the age of thirty-nine.  While post-survey weighting adjustments such as poststratification can help with this issue by weighting up the answers of the young women who do participate, it was imperative to screen more women under forty in order to be able to have the desired power to detect differences in this age group.  In August, the WWHS research team decided that enough interviews had been completed with women forty and above and that going forward only interviews with women ages 18-39 were needed.  On August 10, 2009, the WWHS began only screening in landline households that had at least one woman between the ages of eighteen and thirty-nine as eligible.  SRO carried out four steps when implement this change:

1) Calling on all telephone numbers in releases one through seven was stopped and these numbers were given final result codes.
2) Telephone numbers in releases eight through ten had been called through August 9 with an age eligibility criterion of at least one woman in the household above the age of eighteen.  Therefore, any non finalized telephone number where a woman above the age of forty had already been selected but an interview had not yet been completed was given a final result code of non-interview and not called again.

3) Telephone numbers in release eight through ten that had not received a final result code and where a woman forty or above had not been selected were continued to be called with this new eligibility criteria.
4) Interviewers began calling telephone numbers from release eleven for the first time.  Hence, all telephone calls to the landline telephone numbers in releases eleven through thirteen adhered to the new criterion of only households with at least one woman between the age of eighteen and thirty-nine being eligible.
2.6 Landline sample results

2.6.1 Results by release
The original target for the WWHS was to complete 2,500 landline telephone screening interviewers over a twelve month data collection period.  This averaged out to roughly 210 interviews completed each month.  After closely monitoring the first four months of calling, SRO determined that calling 900 telephone numbers generally produced 210 completed interviews for this target population.  Therefore, starting February 2, 2009, SRO began the practice of releasing 900 numbers each month.  This practice continued until June 2009, when WWHS decided to release 1,500 telephone numbers in release ten in a final push toward accomplishing the goal of 2,500 completed landline interviews.  It was during release ten that the WWHS research staff decided to restrict the study’s age eligibility criterion and therefore the extra releases (releases 11 through 13) were necessary.  Table 2 below displays the release sizes, the number of completed interviews achieved and the American Association of Public Opinion Research Response Rate Two (AAPOR RR2)
 for each release.  The overall AAPOR response rate for the WWHS landline study was 33.7%.
Table 2: WWHS Landline Release Dates, Size, Number of interviews and AAPOR RR2 by release 
	Release
	Release Date
	Release Size
	Telephone screening interviews
	AAPOR Response Rate 2
	

	1
	09/16/2008
	724
	183
	42.8%
	*Releases 1-7 called only with the age eligibility of

	1a
	10/08/2008
	362
	76
	38.8%
	18 and above*

	2
	10/15/2008
	903
	223
	43.2%
	

	3
	11/10/2008
	997
	268
	43.7%
	

	4
	01/03/2009
	990
	246
	40.5%
	

	5
	02/02/2009
	900
	216
	39.5%
	

	6
	03/01/2009
	900
	218
	40.6%
	

	7
	04/01/2009
	899
	188
	34.9%
	

	8
	04/29/2009
	900
	227
	38.4%
	*Releases 8-10 called with age eligibility first being 

	9
	05/30/2009
	900
	201
	35.6%
	18 and above and after age eligibility narrowed to 

	10
	06/27/2009
	1500
	302
	32.7%
	18-39*

	11
	08/11/2009
	593
	31
	11.5%
	*Releases 11-13 called only after age eligibility

	12
	08/18/2009
	1506
	80
	11.9%
	narrowed to 18-39*

	13
	09/09/2009
	1002
	41
	8.9%
	


The key point of Table 2 is to demonstrate show how the WWHS response rate declined once the age criterion for the target population narrowed from eighteen and above to 18 through 39.  The AAPOR RR2 was approximately 40% over the first eight sample releases.  The age criterion narrowed during the middle of calling releases eight through ten and the AAPOR RR2 over all these three releases dropped to around 35%.  The final three releases were called only after the age eligibility narrowed to 18-39 years old and the AAPOR RR2 fell to roughly 10%.  
2.6.2 Landline Sampling Rates: Expected vs. Empirical

Table 3 below shows the expected landline sampling rates for the study that were used to estimate the sample size versus the empirical findings:
Table 3: WWHS Landline Sampling Rates: Estimated, Empirical by Age Eligibility Criterion of the Release and Overall 
	 
	Design Estimates
	 
	Rel 1-7
	Rel 8-10
	Rel 11-13
	
	
	Empirical Overall
	

	Total Lines
	11662
	 
	6675
	3300
	3101
	
	
	13076
	

	Working Number Rate
	0.64
	 
	0.56
	0.58
	0.61
	
	
	0.58
	

	Working Lines
	7464
	 
	3735
	1908
	1903
	
	
	7546
	

	Screening Cooperation Rate
	0.55
	 
	0.67
	0.64
	0.65
	
	
	0.66
	

	Screened Lines
	4105
	 
	2493
	1218
	1236
	
	
	4947
	

	Eligibility Rate
	0.87
	 
	0.83
	0.75
	0.17
	
	
	0.64
	

	Eligible Respondents Identified
	3571
	 
	2058
	916
	208
	
	
	3182
	

	Iw Cooperation Rate
	0.70
	 
	0.79
	0.80
	0.73
	
	
	0.79
	

	Completed Telephone Iws
	2500
	 
	1618
	731
	152
	
	
	2501
	



Since the estimated WWHS sampling rates were based on a target population of women eighteen and above, to get the best sense of how the WWHS design estimates compared to empirical results compare the “Design Estimates” column to the “Rel 1-7” column.  While the working number rate and eligibility rate were slightly overestimated, the screening cooperation rate and interview cooperation rate were underestimated.  In other words, WWHS interviewers did a better job convincing household to complete the household listing and convincing selected respondents to participate than anticipated.  In fact, if WWHS had decided not to change the eligibility criterion, the WWHS would have only needed to call 10,162 telephone numbers as opposed to the estimated 11,662.


Another key point from Table 3 is that while the eligibility rate expectedly dropped between Releases 1-7 (0.83) and Releases 11-13 (0.17) due to the change in age criterion, the rest of the sampling estimates remained remarkably similar.  Younger women were not much harder to convince to participate than older women, but the younger women were harder to find using a landline RDD sample. 
3.0 Cell Phone Sample Design and Results
WWHS exceeded its goal of 2,500 screening interviews in October 2009 with money remaining in the budget.  With these remaining funds, the principle investigator decided to conduct a cell phone pilot study, with the target population being women between the ages of eighteen and twenty-nine.  As Blumberg and Luke (2009) have shown, the percentage of18-29 year olds that use cell phones exclusively and do not live in a household with a landline continues to increase each year.  Because of this and the fact that generally people under the age of thirty are harder to contact and convince to participate in surveys that those thirty and older (Groves and Couper, 1998), the WWHS had an expectedly difficult time recruiting females under the age of thirty via a landline RDD sample.  The two goals of this pilot study were to gain experience to be able to refer to when writing future study proposals on vulvodynia and to complete fifty interviews.
3.1 Target Population and coverage issues

The target population for the WWHS cell phone pilot was women between the ages of eighteen and twenty-nine who lived in Livingston, Oakland, Washtenaw or Wayne County.  However, unlike the landline portion of the WWHS, interviewers did not attempt to complete a listing of the women between the ages of eighteen and twenty-nine within the cell phone user’s household.  The WWHS believed that requesting an informant to share her cell phone so that another, selected member of the household can participate would be seen as unreasonable given that the cell phone is generally used and viewed as a personal device.  Therefore, the study decided to treat the person who answered the cell phone as the primary user of the phone and the selected respondent.  Because of this decision, whenever a male answered the cell phone, the interviewer politely explained that he was not eligible for the study and gave the number a final result code signifying that it was ineligible.  In addition, if the voicemail message was a man’s voice and his message indicated that he was the primary or sole user (e.g. “Hi, you’ve reached Mark…), the interviewer immediately assigned the number a final code indicating the number was ineligible.
 
Two coverage issues existed between the target population and the cell phone RDD frame for the specified four counties.  First, in order to subset the national cell phone RDD frame to the four counties prior to calling, there needed to be some way of identifying the geographic area where the cell phone number exists.  With landline telephones, this was not a problem since the landlines are attached to a structure of some sort and can be easily assigned to a geographic area based on the first six digits of the number.  Since cell phones are attached to a person and not a structure, determining a geographic area for the device is not as accurate.  Survey Sampling International (SSI), the telephone vendor WWHS used, assigned a county to each selected cell phone number based on the location of the cell phone’s billing center.  Because of this coverage issue the WWHS needed to purchase more cell phone numbers than if the geographic location of the cell phone number was easier to identify.  Also, the coverage error increased because there are likely to women who live in the four WWHS counties and have cell phone numbers whose billing center is not within the four counties.
The second coverage issue revolves around the assumption that the person who answered the cell phone was the primary user of the device.  Any women who lived in the four county area, shared their cell phone with someone else, and did not answer the cell phone when a WWHS interviewer called had no chance of selection.

3.2 Sample Selection

The WWHS opted to have Survey Sampling Inc. (SSI) select its RDD cell phone sample rather than Genesys because SSI identifies the location of the billing center that owns the cell phone 100 bank (e.g. the one hundred telephone numbers with the following first eight digits 734-883-59XX) to which the selected cell phone number belongs.  SSI uses this billing center location as a best guess of the location of the potential user assigned to the cell phone number.  When customers want to select cell phone samples from specific geographic areas, like counties, SSI uses the location of the billing center to specify the numbers eligible for sample selection.  Therefore, the RDD cell phone sampling frame for WWHS was all cell phone numbers whose billing centers were located in Livingston, Oakland, Washtenaw, or Wayne counties.
On the other hand, Genesys only uses the state associated with the area code of the cell phone number to estimate the location of the potential cell phone user assigned to the cell phone number.  The state is the smallest geographic area to which Genesys can specify numbers eligible for sample selection.  Hence, the WWHS would likely have had to call many more cell phone numbers simply to identify women who live in the metro Detroit 4 county area.

From the RDD cell phone sampling frame for Livingston, Oakland, Washtenaw and Wayne counties of 6,051,300 numbers, the WWHS asked SSI to systematically select 2,700 telephone numbers that was estimated would be needed to complete fifty telephone screening interviews with women between the ages of 18 and 29.  Because the Telephone Consumer Protection Act mandates that cell phone numbers cannot be autodialed, cell telephone sample vendors like SSI and Genesys cannot identify and remove not in service numbers for their customers like for landlines.
3.3 Cell Phone sample results

3.3.1 Results by release

Due to the short data collection period, all the cell phone numbers were purchased in one batch from SSI.  There were three separate cell phone releases.  The size, the number of interviews and the AAPOR RR2 for each release are in Table 4 below.  The overall AAPOR RR2 for the WWHS cell phone study was 4.65%.
Table 4: WWHS Cell Phone Release Dates, Size, Number of Interviews and AAPOR RR2 by release
	Release
	Release Date
	Release Size
	Completed the telephone screening interview
	AAPOR Response Rate 2
	

	1
	10/27/2009
	900
	19
	5.7%
	

	2
	11/3/2009
	900
	12
	3.4%
	

	3
	11/11/2009
	300
	6
	5.4%
	



Notice the extremely low AAPOR RR2’s in all three releases.  These response rates are not even half that of the response rates in releases eleven through thirteen of the landline portion of the study (see Table 2).  The major reason for these low response rates was the inability to get cell phone users to answer their phone.  For 610 of all 2,100 cell phone numbers called (29%), all contact attempts for each of those 610 numbers went directly to voicemail or a prerecorded cell phone carrier message that indicated that the number is working.  
3.3.2 Cell Phone Sampling Rates: Expected vs. Empirical
Table 5 demonstrates the expected sampling rates for the study that were used to estimate the sample size versus the empirical findings:
Table 5: WWHS Cell Phone Sampling Rates: Estimated and Empirical
	 
	Design Estimates
	Empirical Results

	Total Lines
	1796
	2100

	Working Number Rate
	0.65
	0.72

	Working Lines
	1167
	1520

	Gender Eligibility Rate
	0.50
	0.27

	Gender Eligible Lines
	584
	411

	Screening Cooperation Rate
	0.45
	0.72

	Screened Lines
	263
	297

	Age Eligibility Rate
	0.34
	0.23

	Age Eligible Lines
	89
	68

	Area Eligibility Rate
	0.80
	0.72

	Eligible Respondents Identified
	71
	49

	Iw Cooperation Rate
	0.70
	0.76

	Completed Telephone Iws
	50
	37



Table 5 shows that the SRO sampling statisticians underestimated the effort it would take to complete fifty interviews.  While it appears that the most significantly underestimated rate was the “Gender Eligibility Rate”, this rate is misleading because of a protocol decision made during cell phone data collection.  When making the sampling estimates, the SRO sampling statisticians made the incorrect assumption that the first screening question would be “Are you the primary user of this phone?”  However, the WWHS decided to assume that the person that answered the phone was the primary user.  WWHS interviewers could identify cell phone numbers as ineligible because of gender without asking a screening question but simply by hearing the gender of the voice of the person who answered the phone or the gender of the voice or name on the voicemail message.  Therefore, cell phone numbers that interviewers could determine as working numbers based on the recorded message but could not determine the gender of the primary user ended up lowering the “Gender Eligibility Rate” in the empirical results.  Based on the assumptions used for the design estimates, these situations would have lowered the “Screening Cooperation Rate”.  The product of these two rates gives a more accurate sense of these two rates, with the product of the design estimates (0.225) only slightly larger than the product of the empirical results (0.195).

Instead, the real reason the achieving fewer number of completed interviews than expected is that fewer cell phone users were age and area eligible than expected.  One interesting finding not shown in Table 5 was that of the 100 cell phone numbers identified where the primary user was a female under the age of 30, roughly one third of the primary users (n=32) were under the age of eighteen.  If a similar cell phone study is conducted in the future, this finding will be very useful in producing more accurate budget estimates of the number of cell phone numbers that will need to be purchased and called.
4.0 Creation of WWHS dual frame sampling weights

Because of the WWHS dual sample frame design (landline RDD and cell phone RDD), the WWHS needed to calculate for each completed interview the participating woman’s joint probability of being selected from the both the landline RDD frame and the cell phone RDD frame.  This section documents the methods used to create three probabilities of selection for each completed interview – the landline probability of selection, the cell phone probability of selection and the joint probability of selection.
4.1 Landline Probability of Selection and Selection Weight
The landline probability of selection contains three factors:

1) The probability of the landline telephone number being selected from the sampling frame.

2) The number of landlines used to receive personal calls within the respondents household

3) The respondent’s within household probability of selection.

While the first two factors are very easily to compute, the within household probability of selection is not as easy to determine since the WWHS decided to change the algorithm for selecting respondents within a household twice during data collection (see sections 2.4 and 2.5 for further details).  The selected landline telephone numbers were randomly assigned to different sample releases.  Thus, the first call attempt to any selected number could have happened in any one of the three different time periods during data collection where there were different algorithms for selecting respondents within the household.  To solve this problem, the SRO sampling statisticians computed for each respondent a weighted average of the within household probability selection across the three distinct selection algorithms.  These distinct selection algorithms are detailed in Table 6 below.  The formula for calculating the landline within probabilities of selection and selection weights are as follows:
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Table 6: The within household selection algorithms and number of households identified over the three distinct WWHS time periods 
	Time Period
	W/in HH prob of selection for women 18-39 yrs old
	W/in HH prob of selection for women 40 yrs old and above
	Number of households with at least one woman age 18 or above identified
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4.2 Cell Phone Probability of Selection
Since the cell phone study did not have a within household probability of selection, the cell phone weight was simpler to compute than the landline weight.  The cell phone weight contains two components:
1) The probability of the cell phone number being selected from the cell phone RDD frame for the four WWHS counties

2) The number of cell phones for which the respondent was the primary user
For the second component, WWHS decided to ask respondents how many cell phones for which they were the primary user rather than how many cell phones they owned because the study was most interested in how many cell phones a respondent had in which she was the person most likely to answer the phone.  WWHS research staff and SRO project staff envisioned situations where a young woman had a cell phone she used for personal calls yet her parents technically owned the cell phone since purchased and paid the cell phone bill.

Unfortunately, since the decision to call numbers selected from a cell phone RDD frame was made at the very end of landline data collection, the WWHS did not have the opportunity to ask respondents in the landline portion of the study how many cell phones for which they are the primary user.  Because of this omission, the SRO sampling statisticians needed to impute this number for each WWHS landline respondent between the ages of 18 and 29.  Using 2008 National Health Interview Survey data, Blumberg & Luke (2008) found that 54.8% of all 18-24 year olds and 49.5% of all 25-29 year olds live in a landline household and receive at least a few calls on their wireless phone.  Based on this finding, the SRO sampling statisticians randomly assigned half of the 18-29 year old landline respondents a value of one for the number of cell phones for which they are the primary user and the other half a value of zero.
With this imputation complete, the formulas below were used to calculate a cell phone probability of selection and selection weight for each WWHS respondent between the ages of 18 and 29.
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4.3 Joint Probabilities of Selection
Since only women between the ages of 18 and 29 were eligible for the cell phone portion of the WWHS, joint probabilities of selection only need to be calculated for the 18-29 year old WWHS respondents.  For the WWHS respondents over the age of 29, their landline probability of selection is their joint probability of selection since they were not eligible for the cell phone portion of the study.  In formulas, 
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4.4 An example of calculating the joint probabilities of selection

As an example, picture the situation where a WWHS interviewer called a number selected from the cell phone RDD frame and completed a screening interview with the 24 year old woman who answered her cell phone.  During the interview, the woman gave the following information about the number of phones on which could have been contacted and the number of eligible women within her household:

· She is the primary user of two different cell phone numbers.

· The other women within her household who could have been selected for the study are her 19 year old sister and 52 year old mother 

· Her household has two different landlines that are both used to receive personal calls.

The landline probability of selection of the selected 24 year old female would be:
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The cell phone probability of selection for the 24 year old female would be:
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Finally, the joint probability of selection would be:
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The joint probability of this 24 year old female of being selected in the study would be 0.008823. Her dual frame selection weight, simply the inverse of her joint probability of selection, would 113.336.  This means that without adjusting for nonresponse or population estimates, this woman’s responses represent herself and approximately 112 other women in the target population.
5.0 Comparing the WWHS Dual Frame Selection Weights to Population Estimates
One way to check these dual frame weights is to compare the value of the sum of the dual frame weights for all respondents divided by the response rate across both studies to the population estimate of women ages 18 and above in Wayne, Washtenaw, Oakland and Livingston counties.  The American Community Survey (ACS) posts a public use data set on its website that estimates the number of women age 18 and above in Livingston, Oakland, Washtenaw and Wayne Counties by age groups between 2006 and 2008
.  Below are the calculations used to check the dual frame selection weights.
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The result of this weight check appears to show that the selection weights are an extremely accurate representation of the WWHS target population.  However, when this same comparison is done by five-year age groups (e.g. 20-24, 25-29, 30-34), instead of overall, a clearer picture is painted.  As seen in Chart 1, the WWHS selection weights underestimate the number of women between the ages of 25 to 44 and overestimate the number of women ages 50 to 74.  Poststratification adjustments of the WWHS selection weights by age will help reduce the WWHS’ chances of coverage bias and nonresponse bias.  
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� These landline telephone numbers were assigned a final result code of 9005.


� The calculation for AAPOR RR2 is:


� EMBED Equation.DSMT4  ���


� These cell phone telephone numbers were assigned a final result code of 9010.
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