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Abstract

Evaluation of Cross-Survey Research Methods for the Estimation of the

Proportion of Low-Incidence Populations

Raquel Magidin de Kramer, Author

Henry Braun, Dissertation Chair

This study evaluates the accuracy, precision, and stability of three different
methods of cross-survey analysis in order to determine their suitability for estimating the
proportions of low-incidence populations. Population parameters of size and
demographic distribution are necessary for planning and policy development. The
estimation of these parameters for low-incidence populations poses a number of
methodological challenges. Cross-survey analysis methodologies offer an alternative to
generate useful, low-incidence population estimates not readily available in today's
census without conducting targeted, costly surveys to estimate group size directly.

The cross-survey methods evaluated in the study are meta-analysis of complex
surveys (MACS), pooled design-based cross-survey (PDCS), and Bayesian multilevel
regression with post-stratification (BMRP). The accuracy and precision of these methods
were assessed by comparing the estimates of the proportion of the adult Jewish
population in Canada generated by each method with benchmark estimates. The stability
of the estimates, in turn, was determined by cross-validating estimates obtained with data

from two random stratified subsamples drawn from a large pool of US surveys.



The findings of the study indicate that, under the right conditions, cross-survey
methods have the potential to produce very accurate and precise estimates of low-
incidence populations. The study did find that the level of accuracy and precision of
these estimates varied depending on the cross-survey method used and on the conditions
under which the estimates were produced. The estimates obtained with PDCS and
BMRP methodologies were more accurate than the ones generated by the MACS
approach. The BMRP approach generated the most accurate estimates. The pooled
design-based cross-survey method generated relatively accurate estimates across all the
scenarios included in the study. The precision of the estimates was found to be related to
the number of surveys considered in the analyses.

Overall, the findings clearly show that cross-survey analysis methods provide a
useful alternative for estimation of low-incidence populations. More research is needed
to fully understand the factors that affect the accuracy and precision of estimates

generated by these cross-survey methods.
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Chapter 1: Introduction
Overview

The purpose of this study is to contribute to the existing body of research on
cross-survey analysis as a method for estimating the proportions and demographic
characteristics of low-incidence populations. Cross-survey analysis refers to the
combined analysis of data from different surveys. The study evaluates the operating
characteristics of three different methods of cross-survey analysis in order to determine
their suitability for estimating the proportions of low-incidence populations. This
research serves two main purposes. First, it addresses the need to find additional methods
to generate low-incidence population estimates that are currently not readily available.
Second, it further advances the understanding of the use and limitations of different
cross-survey methods.

While the use of cross-survey methodologies is growing (e.g., Gelman, 2009;
Tighe, Livert, Barnett & Saxe, 2010), there is limited research on the accuracy of the
different methods. This study extends current research by assessing the accuracy,
precision, and stability of estimates that result from the application of three different
methods for cross-survey analysis. It assesses accuracy and precision by comparing the
estimates generated by each method with benchmark estimates. The proportions of
Canadian low-incidence religious groups obtained with these methods are compared with
estimates from the Canadian census. To assess stability, this study provides cross-
validation of estimates generated from different subsamples drawn from a large pool of

surveys of the US population.



Background

The motivations for this research are (a) the need for alternative methodologies to
estimate the size and distribution of low-incidence populations, especially those
populations that are not measured directly by a public census; (b) the need to further
understand the limitations and strengths of the latest methods of cross-survey estimation
of low-incidence populations; and (c) the importance and need for systematic data for the
study of rare religiously defined groups. At the end of this section I include an outline of
the three different cross-survey methods used in the analysis.
The Need to Develop Alternative Methods to Estimate the Size and Demographic
Distribution of Low-Incidence Populations

The use of parameter estimates of size and demographic distribution is manifold.
Population parameters are needed for planning and policy development, as well as for the
analysis of survey research. Decision-makers at the local, national, and international
levels use these estimates to allocate funds and make informed policy decisions in the
areas of education, healthcare services, and economic development. In the last few
decades there has been a growing demand from both the public and private sectors for
reliable population parameters of low-incidence populations (Gosh & Rao, 1994;
Pfefferman, 2002). Information on population size and demographic distribution is also
relevant in the evaluation of survey research studies. This information is often used as
auxiliary data to calibrate surveys and correct for coverage, sampling, and non-response
errors in survey research (Groves et al., 2004; Kim, Li, & Valliant, 2007; Valliant, Dever,

& Kreuter, 2013).



The U.S. Census Bureau is the leading source of demographic and economic data
for this country. The Current Population Survey (CPS) and the American Community
Survey (ACS) provide extensive data collection capabilities in a vast variety of subject
areas, including housing conditions and demographic, social, and economic features.
Nevertheless, there are limitations to the information provided by the census in terms of
coverage and precision. Regarding coverage, for example, the U.S. Census Bureau does
not collect data on religious affiliation (U.S. Census Bureau, 2014). Neither does it
gather specific health information. Smoking status, for instance, is only available in a
limited number of records (U.S. Census Bureau, 2013). In terms of precision, the data
collected by the U.S. Census Bureau or other government organizations are often
insufficient to provide reliable estimates for small geographical areas or subpopulations.
As aresult of these limitations, alternative data sources are required to estimate the size
and features of low-incidence populations.

Population-based estimates may also be secured from large probability based
sampling surveys. Yet, obtaining estimates of low-incidence populations in this way is
extremely expensive. The large overall sample size needed for the estimation of a small
incidence population in small geographical areas often exceeds the survey’s funding and
capabilities (e.g., Korn & Graubard, 1999; Rao, 2003).

An alternative methodology called Small Area Estimation (SAE) has been
developed over the last 30 years in response to the demand for reliable estimations for
small areas (Pfeffeman, 2002; Rao, 2003; Rao & Ghosh, 1994). SAE methodologies
have in common the use of a) indirect, model-dependent estimation and b) auxiliary,

related data such as administrative or alternative census data to improve estimation



(Pfeffeman, 2002; Rao, 2003; Rao & Ghosh, 1994). One of the cross-survey methods
assessed in this study, Bayesian multilevel estimation with post-stratification, is based on
this methodology. The drawback of SAE methodologies, however, is their need for
auxiliary data, which are not always readily available for low-incidence population
groups, especially those groups that are not assessed by censuses.

Cross-Survey Analysis

Traditional meta-analytic methods combine multiple data sources to increase the
accuracy of final estimates (Bartolucci & Hillegass, 2010). These types of methods have
customarily been developed and applied to combine information from independent
clinical trials and observational studies. In the context of this proposal, cross-survey
methods refer to meta-analytic methods combining data from multiple surveys.

The potential value of such combination has only received attention in recent
years. There are several applications of these methods in the social, political, biomedical,
and natural sciences (Gelman, 2009; Korn & Graubard, 1999; Pfeffermann, 2013; Rao et
al., 2008; Schenker & Raghunathan, 2007). Cross-survey methods have also been
proposed or adopted as an alternative to develop population estimates when demographic
data required for post-estimation are unavailable (e.g., Gellman, 2009; Gellman & Hill,
2007; Tighe et al., 2010).

Although there is an increase in the use of cross-survey methods, they are not
always properly applied. As Fox (2010) points out, “researchers have started to employ
many different techniques including meta-analysis; however, the analysis is often done
without reference to a generalized framework or a systematic review and often without an

understanding of the methodological differences between surveys and experiments" (p.



527). This study contributes to the understanding and application of these methods
through direct comparisons of the different frameworks that examine the methodological
differences.

There are different approaches to cross-survey analysis. This dissertation
evaluates three of them. These are Meta-Analysis of Complex Surveys, Pooled Design-
Based Cross-Survey, and Bayesian Multilevel Regression with Post-Stratification. What
follows is a brief description of each of these approaches. The cross-survey methods are
further described in Chapters 2 and 3.

Meta-Analysis of Complex Surveys. This method is based on the framework for
the meta-analysis of complex survey data described by Fox (2011). The method is
appropriate for combining results of survey research studies that (a) employ probability
samples and (b) represent the same underlying population. Although this framework
builds on the ideas of traditional meta-analysis methods for combining results of
experimental studies, it also takes into account the particular characteristics of survey
research studies that employ probability samples, such as sample design and weighting.
Meta-analysis is most commonly applied to estimate effect size. It has also been used,
however, to estimate descriptive quantities. Similar to traditional meta-analysis, the
meta-analysis of complex surveys follows an approach whereby estimates are obtained
independently from individual surveys and the overall estimator is a function of these
separate estimates (Roberts and Binder, 2009).

Pooled Design-Based Cross-Survey. The second approach is based on the
framework presented by Korn and Graubard (1999). This framework uses a pooled

sample technique whereby individual records from all the surveys are combined into one



sample (Roberts & Binder, 2009). The dataset is then treated as a sample from a single
population (Thomas & Wannell, 2009). This method includes two main steps, namely,
recalculation of sample weights and parameter estimation. Sample weights are
recalculated in order to take into account survey-specific sample sizes and designs (Korn
& Graubard, 1999).

Bayesian Multilevel Regression with Post-Stratification (BMRP). The third
cross-survey approach is based on the multilevel regression and post-stratification
framework developed by Park, Gelman, and Bafumi (2004) and described in detail in
Gelman and Hill (2007). It is a model-based pooled sample method. As is the case with
the pooled design-based cross-survey, individual records from all the surveys are
combined into a single sample. Each record in the pooled sample includes both data from
individual respondents and information pertinent to the survey. This method is model-
based in that sampling and survey design variables are included as factors in the analysis
so that their relationship to the population estimates can be controlled for, examined and
explained directly (Little, 2004; Tighe et al., 2010).

The Study of Religious Groups

There is substantial theoretical and practical interest in the study of religious
groups (Tighe et al., 2010). Religious orientation has been associated with a host of
social behaviors, including educational attainment and decision-making (Schieman,
2011), attitudes toward teaching creationism in public schools (Baker, 2013), voting and
involvement in politics (e.g., Gelman, 2009; Mattis, 2001), family life, health behavior,

and social capital (Sherkat & Ellison, 1999).



Unlike many other countries, the U.S. Census Bureau does not collect information
on religion despite the existing interest in the study of religious groups. The absence of
population data to describe the distribution and demographic composition of religiously
defined populations represents a challenge to scholars of American religion (e.g., Lim,
2013; Perl, Greely and Gray, 2006; Tighe et al., 2010; Tighe et al., 2013). Without
known religious population parameters, there are few means of calibrating surveys
involving these groups. The absence of such parameters makes it hard to assess the
representativeness of samples designed to generalize to specific religious groups. Thus, it
is difficult to interpret the findings from targeted surveys of religious groups.

This study evaluates the three different cross-survey methods by estimating the
Jewish population in Canada and the US. I chose religious affiliation as the subject for
two reasons. First, there is a strong theoretical and practical interest in the study of
religious groups, paired with a lack of US related census population estimates. Second,
the evaluation of religious population estimates measured by the Canadian census
facilitates the evaluation of the accuracy of cross-survey methods by providing an
external benchmark not available for analysis of US data. As for the decision to focus on
the estimation of Jewish populations, it was prompted by the low incidence of the
population in both the US and Canada and the sizable body of research and data about the

use of cross-survey methods to estimate this population in the US.



Research Purpose and Research Questions
Research purpose: To examine the feasibility of using cross-survey methods to
estimate the proportions of low-incidence populations.

The purpose of this dissertation is to assess the relative utility of different
methods of cross-survey analysis for estimating the proportions of low-incidence
populations. Given the interest in the study of religion and the lack of related population
estimates in the US, this study looks at the use of cross-survey analyses in research on
low-incidence religious populations. I examine and compare the operational
characteristics of three cross-survey analysis methods for estimating the proportions of
the total adult Jewish population in Canadian provinces and metropolitan areas as well as
in U.S. metropolitan areas.

Research Questions

This dissertation seeks to answer the following research questions:

e How do cross-survey estimates of the proportions of the adult Jewish population in
Canadian provinces and in metropolitan areas compare to the estimates from the

Canadian census (2001) and Canadian National Household Survey (NHS)?

e How do the results of the cross-survey approaches compare in terms of their
accuracy and precision in estimating the proportions of the total adult Jewish

population in the Canadian provinces and metropolitan areas included in the study?

e How do the three cross-survey approaches compare in terms of their stability and
precision for estimating the proportions of the total adult Jewish population in

metropolitan areas in the continental US?



Research Design and Methods

This section briefly describes the research design and methods used to answer the
research questions. Chapter 3 provides more detailed information on the methodology
employed.

The study explores the empirical properties of three different methods of cross-
survey analysis for the estimation of the proportions of the adult Jewish population in the
largest metropolitan areas of the US and Canada. Evaluation and cross-validation studies
were conducted for this purpose. The analyses were based on data from nationally
representative random samples of the adult population in Canada and the US. The study
includes three main sets of surveys: 2001 Canada batch (Batch Ca2001), 2011 Canada
batch (Batch Ca2011), and 2011 US batch (Batch US2011). Batch Ca2001 includes data
from surveys with nationally representative random samples of the adult population in
Canada fielded between 1997 and 2004. Batch Ca2011 comprises data from surveys of
nationally representative random samples of the adult population in Canada conducted
between 2006 and 2014. Batch US2011 consists of surveys with nationally
representative random samples of the adult population in the continental US carried out
between 2008 and 2014. Estimates of the proportions of the adult Jewish population
were generated for each of the batches and for two random subsamples of the US2011
batch (see detailed description in Chapter 3).

The estimates generated using the three cross-survey analyses are compared and
evaluated to answer the research questions. Collating the estimates generated from the
Canadian batches with census population estimates provides information as to the

accuracy and precision of the different methods. Population parameters of the adult
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Jewish population in Canadian provinces and metropolitan areas were obtained from the
2001 Canadian census and from the 2011 National Household Survey (NHS) conducted
by Statistics Canada. Cross-validating the estimates obtained from different subsamples
of the US batch contributes to assessing the stability of the estimates generated by the
different methods. Finally, comparing all the estimates obtained from the different cross-
survey methods across the three main batches offers additional information regarding the
stability and precision of these methods.

The study consisted of three stages: (a) data preparation, (b) population estimation
using cross-survey analysis, and (¢) comparative evaluation of cross-survey methods.

Chapter 3 includes comprehensive information on each stage of the study.

Significance of the Study

The estimation of the parameters of size and demographic distribution of low-
incidence populations presents a number of methodological challenges (Gosh & Rao,
1993; Tighe et al., 2010). As noted earlier, the U.S. Census Bureau is the leading source
of demographic and economic data for the country. Nevertheless, there are limitations to
the information provided by the census in terms of coverage and precision. In addition,
surveying rare populations accurately is very difficult and costly (Kalton, 2009).

Cross-survey analysis methodologies offer an alternative to study low-incidence
populations (Gellman, 2009; Gellman & Hill, 2007; Tighe et al., 2010). As Fox (2011)
asserts, however, “while the literature on studies that pool survey data is growing at an
astounding rate, the literature on how to pool this data is not” (p. 1). This study expands

the existing body of research by exploring the empirical properties of three different
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methods of cross-survey analysis to estimate the proportion of low-incidence population
groups. Comparison of the estimates with an external criterion and systematic
comparisons among the methods shed light on the appropriateness and limitations of each
method.

The object of this study is religious affiliation. Despite substantial theoretical and
practical interest in the study of religious groups, the U.S. Census does not collect data on
religious identification (U.S. Census Bureau, 2014).

Researchers at Brandeis University's Steinhardt Research Institute have employed
one of these approaches — Bayesian multilevel estimation with post-stratification — to
estimate the proportion and characteristics of the adult Jewish population in the US. This
method has proven useful. Nevertheless, given the lack of census population counts, it is
very difficult to validate the estimates that result from this cross-survey approach.

Testing the accuracy of this method against external criteria for the Canadian data offers
insights regarding its potential to generate parameters of size and demographic

distribution of the total adult Jewish population.
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Chapter 2: Review of the Literature
Introduction

This literature review covers two main topics: (a) research into cross-survey
theory and analysis, with a focus on the cross-survey methods that are used in this study
and (b) sociodemographic research on one particular low-incidence religious group in the
US and Canada, namely, the Jewish population. These two topics provide the
background for the current study.

The first section begins with a discussion of cross-survey methods. First it
presents the rationale and theory behind cross-survey analysis, and then it addresses the
specific methods that are used in this study. The second section, in turn, explores the
history and conditions of sociodemographic research on the Jewish population in the US

and Canada.

Cross-Survey Methods

Greater access to data has led to a proliferation of analyses that group or pool
results from multiple studies (Fox, 2011). In addition, with the increased availability of
more than one survey containing similar variables, the integration of studies has
expanded in recent years from combining randomized control trials to combining survey
data (Fox, 2011; Roberts & Binder, 2009). The application of methods that combine data
from different surveys can be found in a vast variety of fields, ranging from the social
and political sciences to the medical and natural sciences (Rao et al., 2008; Gelman,
2009; Korn & Graubard, 1999; Pfeffermann, 2013; Schenker & Raghunathan, 2007).
Survey methodologists resort to different names to refer to methods that combine survey

data. In this study I use the term cross-survey methods.
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There are many reasons for combining data from two or more surveys. They can
stem from an interest in combining multiple frames from the same survey (e.g., Lohr,
2006; Lohr & Rao, 2006) and rolling samples from different periods (e.g., Kish, 1994,
1999), or a desire to combine surveys that have either a common target population or a
common domain, among others. As a result of this diversity, cross-survey methods also
differ in the type of data they are intended to combine. Multiple-frame surveys, periodic
samples, and rolling samples are some of the surveys whose design is integral to the idea
of sample combination. Kish (1994, 1999) and Lohr (2006) developed methodologies to
combine these types of surveys. Yet the methodologies they advanced are not entirely
suitable for surveys that were not originally developed to be combined. Given the
purpose and design of this study, the literature review focuses on cross-survey methods
that allow the combination of data from different types of surveys.

Analysts combine data from two or more surveys for a variety of reasons. A
common one is to borrow strength and increase coverage and effective sample size
(Gelman, 2014; Rao, 2003; Fox, 2011). It is often the case that the population or
phenomenon under study is rare. The expectation is that increasing the overall sample
size should lead to reduced sampling errors (Roberts & Binder, 2009), lower bias, and
greater precision (Shenker, 2014). Additional reasons include taking advantage of the
varied strengths of different studies (Shenker, 2014); for instance, by combining data
from multiple or complementary frames to increase coverage (Roberts & Binder, 2009;

Schenker, Gentleman, Rose, Hing, & Shimizu, 2002).
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Considerations regarding the Implementation of Cross-Survey Analyses.

There are a number of aspects that must be taken into account when combining
data from different surveys. In their discussion of the combination of health surveys, Rao
et al. (2008) stress the importance of paying special attention to sampling design and
variance estimation. They argue that unlike random clinical trials (RCT), where data are
randomized to conditions, health surveys often yield cross-sectional data from probability
samples where each unit in a target population has a positive probability of being
sampled for measurement. The survey design of each study has an impact on the
variance of the individual study and, in turn, the variances of individual studies have an
impact on the summary estimates resulting from combining surveys.

Similarly, Fox (2011) points to the importance of distinguishing between
randomization frameworks in experimental and survey designs. In an experimental
framework it is the assignment of individuals that is random. Such randomization is
intended to reduce confounding factors and obtain internally valid results. In a design-
based framework, by contrast, what is random is the selection of individuals. The
purpose of randomization in this case is to generalize to the finite population from which
the sample was drawn. Fox argues that failing to acknowledge these differences and
applying classic meta-analysis methodologies to combine survey data might lead to
erroneous conclusions.

An additional characteristic that needs to be considered when combining survey
data is the target population. Researchers emphasize the need to review its definition in
individual surveys so that the resulting summary estimates will apply to a meaningful

population (Rao et al., 2008; Schenker et al., 2002).
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Schenker et al. (2002) suggest taking into account the following additional
questions when combining surveys: Do the surveys cover similar time periods? Can their
data be statistically combined? Do they ask similar questions? Are their sources of
information similar? Have the surveys changed over time? Do they ascertain the features
of interest accurately and comparably? Do apparently similar questions have different
meaning or applicability between surveys? Do the separate estimates have face validity?
If the answers to these questions are not clearly formulated and properly interpreted,
researchers may reach the wrong conclusions.

Background Definitions

In this section I briefly present some terms that are commonly used in survey
analysis in general and in cross-survey analysis in particular. These terms serve to
describe the methods assessed in this study.

Finite Population and Superpopulation. Statistically, a finite population can
be defined as a finite collection of units to which inferences are to be made (Lepowsky,
2008). A population is called finite when it is possible to count its units. Sampling from
this type of population is one of the building blocks of survey sampling theory and
practice (Lachan, 2008). Complex design surveys are surveys of finite populations where
the samples are selected by way of sampling schemas that are different from simple
random sampling. Survey weight variables can be used to obtain approximate design-
unbiased estimates of finite population quantities, such as means and totals (Binder,
2011).

“The superpopulation approach treats the value associated with a population unit

as the realization of a random variable rather than as a fixed number” (Lachan, 2008,
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p.284). A finite population of interest can thus be regarded as a realization of the infinite
population known as superpopulation (Fox 2011; Mallec, 2008).

Quantity of Interest. In most cross-survey analyses there are three types of
quantities of interest: simple descriptive, descriptive under an assumed relationship, and
analytical quantities. Simply descriptive quantities include features of a single finite
population, such as means, proportions, and totals. Descriptive under an assumed
relationship quantities are based on an assumed relationship among the characteristics of
the finite target populations of the different surveys. Analytic quantities are
characteristics or relationships that hold beyond the specific finite populations surveyed,
such as the parameters of a superpopulation (Roberts & Binder, 2009). The current study
focuses on the simple descriptive quantities of the population.

Approaches to Estimation: Separate and Pooled Approaches to Combining
Data. When conducting a cross-survey analysis, data from different surveys may be
combined using either a separate or a pooled approach to estimation. With the separate
approach, an estimate is independently obtained for each survey. The combined estimate
is then a function of the separate estimates. The type of function that combines these
estimates depends on the type of quantity being estimated and on whether the separate
survey estimates are independent of each other. The meta-analysis of complex surveys
method used in this study employs a separate approach to estimation.

The pooled approach, by contrast, requires combining individual records of all the
surveys. The estimate is then obtained with techniques appropriate for a single sample

and modified weights (Roberts & Binder, 2009). Both the pooled sample cross-survey
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and the Bayesian multilevel regression with post-stratification methods use the pooled
approach for estimation.

Approaches to Estimation: Design-Based and Model-Based inference. Two
alternative frameworks commonly used to make statistical inferences from samples to
populations are design-based and model-based frameworks (Binder, 2011; Sterba, 2009).
Design-based methods rely on probability sampling principles, and model-based
methods, on statistical models (Roberts & Binder, 2009).

The design-based approach was originally developed by J. Neyman (1934).
Under this framework, samples depend only on the probabilities used to select units from
the finite population (Binder, 2011). Statistical inferences, such as testing hypotheses
and constructing confidence intervals, are thus based only on the probabilities used to
select the samples (Roberts & Binder, 2009; Binder, 2011). This model is mainly
concerned with inferences for finite populations (Fox, 2011) and is often adopted to
estimate descriptive quantities such as the total or the mean of a response variable
(Ghosh, 2009).

The model-based approach may be attributed to R. A. Fisher. Fisher believed that
obtaining a random sample from a given population would not always be feasible,
particularly in the case of observational studies in sociology and economics (Sterba,
2009; Husson, Curran, & Bauer, 2013). Under this approach, inferences about
population parameters are made by way of a statistical model that links the theory to the
sample data. This model describes how the dependent variable(s) is/are thought to have
been generated (Sterba, 2009). As Streba (2009) states, “the purpose of the statistical

model is to provide a link between the observed units in the sample and the unobserved
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units in the infinite population, enabling causal or analytic inferences to pertain to these
unobserved units as well” (p. 3).

An example of a statistical model, described by Sterba (2009), is the linear
regression model: y;=f,+fox;+¢;. Under this approach, the dependent variable y; is
generated as a function of a known, fixed independent variable x; and a known error. In
this example, the superpopulation is made up of all possible y-values that could be
generated by the model (Royall, 1988), while the observations y; ...y, are presumed to
be independent realizations from this superpopulation (Binder & Roberts, 2003).

As Ghosh (2009) asserts, “both design- and model-based approaches can be
frequentist, where such procedures do not make an explicit use of priors either for the
finite population or the superpopulation parameters. In contrast, the Bayesian approach
assumes that the response variable associated with any unit is the realization of a random
variable following some specified distribution based on prior information” (p 153).
Approaches to Cross-Survey Methods: Description and Applications of the Cross-
Survey Methods Assessed in this Study

I focus on three different cross-survey methods that are suitable for combining
data from surveys using probability sampling of the same underlying population in order
to estimate the proportions of the adult population that is Jewish in provincial and
metropolitan areas in Canada and in metropolitan areas in the US. What follows is the
description of the three cross-survey methods: meta-analysis of complex surveys
(MACS), pooled design-based cross-survey (PDCS), and Bayesian multilevel regression

with post-stratification (BMRP).
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Meta-Analysis of Complex Surveys (MACS). This method is based on the
framework for the meta-analysis of complex survey data presented by Fox (2011).
Although it builds on traditional meta-analysis methods for combining experiments, it
takes into account the particular characteristics of survey research that employs
probability samples. The meta-analysis method uses a separate approach, whereby
estimates are obtained independently from individual surveys and the overall estimator is
a function of these estimates (Roberts & Binder, 2009). Fox's framework offers three
possible estimation models, namely, two fixed-effect models and one random-effect
model. This study applies the first fixed-effect model (casela). Casela follows a design-
based approach. The model is appropriate for combining estimates from samples from a
finite population and for estimating a descriptive quantity. Therefore, it is suitable for
estimating the proportions of the adult population that is Jewish in metropolitan areas in

the US and Canada (a descriptive quantity from a finite population).

Casela is based on the idea of combining survey samples of a finite population to
obtain an estimate of a population parameter. As Fox (2011) explains, survey data under
a design-based framework can be used to obtain estimates of the finite population. If data
from a single survey are not sufficient to meet the needs of the research, pooling several
estimates of the finite population (calculated with finite inference models) may be
considered. In the Casela model, pooling and variance estimation for the finite
population take into account the stochastic error due to sampling, and the inference is
based on repeated sampling of the population. Figure 2.1 shows the diagram for this
model presented by Fox (2011). In the diagram 8y refers to the population parameter and

Oy is the estimate of the finite population, while 87 denotes a finite population
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parameter estimate (F) under a design-based sampling framework (F). (In the figure the

superpopulation box is shaded to indicate that it is not being used for inferences.)

Finite
Population

9_\.-'

Figure 2.1: Fixed-effect model casela using sampling concepts. Reprinted from

Superpopulation 1
0~N(uo’)

A framework for the meta-analysis of survey data (p. 90), by K.M. Fox (2011).
(Doctoral dissertation, Queen's University, 2011). Retrieved from

http://hdl.handle.net/1974/6900

Under this model, the estimate of a finite population parameter 8y, is the weighted
average from all the survey samples (Fox, 2011). If §;and w; are the estimate and

relative weight from survey sample j, then:

k

E w;0;

j=1 17/
Zk

w;

j=1 7

As Fox (2011) claims, in a meta-analysis, weights are used to attach greater

Oy =

significance to the more precise estimates when pooling. The author suggests weighting
the surveys by their variance and design effect in order to take into account both study

precision and sample design. The relative weights (w; ) are thus a function of both the

variance (vj) and the design effect (def f;) of survey sample j. Design effect is a


http://hdl.handle.net/1974/6900
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measure of the precision gained or lost due to the use of a complex sample design instead
of a simple random sample (SRS) (Kish, 1965):

1
deff]-
vj

The variance of the estimate of the population parameter is calculated as a

weighted average of the variances of the different survey samples (Fox, 2011):

5(0) = 1
o(0) = /Z?=1W1'

According to Fox (2010), this model makes some assumptions, namely, (a) that
the surveys cover the same target population, (b) that individual estimates are unbiased,
and (c) that the survey weights are independent of the point estimates. In addition, two
less obvious assumptions are being made. First, that the samples are independent, and
second, that errors are independent among surveys. Regarding these last assumptions,
special attention must be paid when using multiple surveys from large statistics agencies.
Large organizations may use overlapping samples for different surveys or different
survey designs that show the same methodological flaws (e.g., specific flaws in
conducting interviews), plausibly resulting in biased estimates.

In her research Fox (2010) tested the model by means of simulations. She found
that under the casela model the estimator converges to the census parameter as the
number of studies grows. This was the case even when the sampling designs of the
individual studies were diverse and included surveys with simple random sampling,
stratified sampling, and cluster sampling. Fox (2010, 2011) stresses the need to consider
individual survey variance when applying the meta-analysis method, in particular when

samples are viewed as part of the same finite population (model casela). This author
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points out that, although researchers familiar with meta-analysis of experimental design
methods may be tempted to apply them to combine survey data, ignoring surveys'
individual designs when combining estimates may likely produce erroneous results (she
illustrates this point with simulated data).

There are a few examples in the literature that apply a meta-analysis method to
the combination of survey data (e.g., Purcell et al., 2012; Thomas & Wannel, 2009;
Lansky et al., 2014; Rao et al., 2008; Steel et al., 2009). Nevertheless, in several of these
studies it is not clear if the design of the individual surveys was taken into account.
Furthermore, when the variance was considered, it is not clear how. Most of the studies
that reference meta-analytic methods to combine survey data cite the methodology
advanced by Rao et al. (2008). Fox (2013) argues, however, that Rao’s proposed
methodology fails to “take into account the possibility of clustering in the data with
complex sampling designs” (p. 35).

The advantage of using a method based on a separate approach is that it does not
require individual data. It can hence be used when there are only survey level estimates
available.

Pooled Design-Based Cross-Survey (PDCS). The second method assessed in
this dissertation is modeled on the framework presented by Korn and Graubard (1999).
This framework follows a design-based pooled sample approach, whereby individual
records from all the surveys are combined into a single sample (Roberts & Binder, 2009).
The dataset is then treated as a sample from one population (Thomas & Wannell, 2009).

As Korn and Graubard (1999) have underscored, when conducting a pooled

analysis of data from survey samples that can be seen as sampling the same population,
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the original survey weights should be modified. Just adding the survey weights of the
individual surveys would lead to overestimation, while averaging the weights (adding
them and dividing by the number of individual surveys) might lead to inefficient
estimation. Instead, to get unbiased and efficient estimates of a pooled sample, the
researchers suggest estimating the population with a weighted mean. This method
includes two main steps, namely, recalculation of sample weights and parameter
estimation. Recalculation of sample weights is performed in order to take into account
survey-specific sample sizes and designs (Korn & Graubard, 1999). The following
description was drawn from Korn and Graubard (1999).

Assuming L is the number of survey samples with ny, n,...n, sample sizes, {y;; |
i=1,.,n;,j =1,.., L} are the sample values, and {w*;; | i = 1,...,n; j = 1,...,L} the
revised weights, then the estimated population mean y can be written as:

L nj *
f=1 2 Wi Yij

L nj *
j=1 L= Wi

}7:

The authors define the revised weight w*;; = w;; * k; for some k;
{k;l j=1,..,L}. Given that the weighted populations of the survey samples are

estimators of the population size:

nj nj

L J L J
5 Y3 S

_ (k4 Z:lil wi )y + -+ (kg Z:LL1 Wi, )L
kl Z:lzll Wi + -+ kL Z:lle Wi
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To minimize the variance of y:

n n
Zizll Wi + -+ Zile WiL

_
LY. wij

Var()_/j)

k: = _
Var(y,) + -+ Var(y,)

]

(1

As the authors affirm, the “optimal” k; depends on the variances of the population
estimates (¥;'s) of the different survey samples. Nonetheless, given that estimating the
variances may add variability to the weights, they suggest simplifying the equation,
instead, by treating the y’s as independent and identically distributed with the same

variance 02:

Var(y ) = (CV? + 1)a?/n;
where CV is the coefficient of variation of the sample weights in survey sample ;.
By applying this relation to the previous formula, k; can be calculated as:

(cv? +1)/n
C(CVE+D/ng +-+ CVE+ 1)/,

k: = Z:l=11 Wip + -+ Z:lle Wi, (1
- Lan w;i
i=1"U

)

If the coefficient of variation is approximately equal for all surveys, then the

formula can be simplified:

Yl owi + e+ X wyy ( n;

k; = _
L2, wij Mt

]

)

Since the left fraction in the previous formula is approximately 1, the authors

simplify the formula one more time to the form:
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Korn and Graubard (1999) suggest generating the variance of the estimates by
way of a replication method of variance estimation. Replication methods repeatedly
calculate the parameter estimator on different data subsets. These authors propose using
the jackknife method, which recomputes the estimates by removing one primary
sampling unit from the dataset at a time. Each replicate provides an estimate of the
population parameter of interest, and the variance of the replicated estimates, an estimate
of the variance of the point estimate (Hyunshik, 2008). In the context of this study, the
primary sampling unit is the individual respondent at the case level.

An additional aspect of Korn and Graubard's work that is being considered for
this study is the way they calculate separate estimates for subpopulations (e.g., estimates
by age categories). The authors suggest estimating 4j separately by subgroups.

A number of studies use this methodology, especially when analyzing health
surveys (e.g., Baker, Rendall, & Weden, 2015; Chiu, Austin, Manuel, & Tu, 2010;
Herrera, 2012).

Bayesian Multilevel Estimation with Poststratification (BMRP). The third
cross-survey approach that I evaluate in this study is a model-based pooled sample
method. As in the case with the pooled design-based cross-survey method, individual
records from all the surveys are combined into a single sample. Each record in the
pooled sample includes both data concerning individual respondents and information
pertinent to the survey itself. Yet, unlike the previous method, which is design-based,
this one is model-based. The model-based approach, as Ghosh (2009) points out, “views
the finite population as a sample from a hypothetical superpopulation, and inference for

finite population parameters are model-based" (p. 153).
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The model-based approach is suitable for the present study. Following Binder
and Roberts' (2009) terminology, this approach views the quantity of interest (in this
case, the proportions of the adult Jewish population in a metropolitan area in the US or
Canada) as an outcome of a logistic regression model. Under this model, the outcome
variable is the probability that an adult will be Jewish given specific demographics and
geographic location.

In model-based methods, sampling and survey design variables are included in the
analysis so that their relationship to the population estimates can be examined and
explained directly (Little, 2004; Tighe et al., 2010). A model-based approach may,
therefore, account for different sample designs and non-representativeness of key
demographic variables (Park, Gelman, & Bafumi, 2004; Tighe et al., 2010).

The model-based approach used in this study builds on the multilevel regression
and post-stratification framework (MRP) developed by Park, Gelman, and Bafumi (2004)
and on the applied methodology advanced by Gelman and Hill (2007). Additionally, it
draws from small area estimation (SAE) methods. SAE methods combine raw or
individual data from multiple data sources to estimate small areas or groups (Lohr &
Prasad 2003), and often use model-based analysis (Rao, 2003). These researchers
suggest combining the modeling approach frequently adopted in SAE with population
information used in post-stratification to estimate the mean of a binary variable that is
conditional on demographic and geographic predictors in cross-survey analysis.

This approach comprises two steps: first, fitting a Bayesian multilevel logistic
regression model to individual responses using demographic and geographical

information; and second, estimating the population using census demographics.
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Kastellec, Lax, and Phillips (2010) summarize this method as follows: “[It] begins by

using multilevel regression to model individual survey responses as a function of
demographic and geographic predictors, partially pooling respondents across states to an
extent determined by the data. The final step is poststratification, in which the estimates
for each demographic-geographic respondent type are weighted (poststratified) by the

percentages of each type in the actual state populations” (p. 1). Next is a brief

description of the two steps involved in this method, adapted primarily from the work of
Gelman and Hill (2007).

In the first step, a Bayesian multilevel logistic regression model is fitted to the
individual responses y given demographic characteristics and geographical location.
Hierarchical modeling is used to take account of clustering of respondents within surveys
and geographical locations. The model estimates the average response 6;for each cross-
classification / of demographics and geographical location. Assuming a binary yes/no
survey response y for each respondent i, the probability of y;=1 can be modeled using a
logistic regression. What follows is an example drawn from Gelman and Hill (2007) to
describe this step. The authors developed a Bayesian multilevel logistic regression model
to estimate the probability that a respondent will prefer the Republican candidate for
president.

To do so, they worked with data from seven news polls conducted in 1988.
Defining y; as 1 for supporters of the Republican candidate and 0 for supporters of the
Democratic candidate, the authors modeled the probability of y; = 1 as a function of
respondents’ demographics (gender, race, age, and education) and state. In the following

example, the model includes individual predictors with fixed intercepts (gender and race),
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individual predictors with varying intercepts (age and education), and a state level
predictor.
Pr(yi=1)=logit (% pe™e . female; + BP'2* - black; + a,f‘f’if + af[‘f,’l‘] +

ajs[tiﬁlte + a;’ﬁ.il). Fori=1,...,n

The varying coefficients are assigned normal distributions with a mean of 0 and
standard deviations estimated from data, given non-informative uniform priors:

oc,fge ~ N(O, agge),for k=1,..4

af®™ ~N(0,0%,,), fork=1,..,4
The state-level predictor is modeled as a function of the region (the authors include

indicators for five regions) and a measure of previous Republican votes in the state.

state region v.prev . 2
a; ~ N(am + B P prev;, Ustate)

ansdm ~ N(o, 0lgion)s form=1,..,5

In the second step population estimates are calculated with the help of logistic
regression coefficients and census demographics. The model estimates an average
response 0, for each demographic vector and geographical cross-classification (7). Adult
population counts (N;) for each demographic and geographical cross-classification (/) can
be obtained from the census. The estimated population average for a geographical

location@g , for example, can be calculated thus:

9g = Zleg Nlel/Zleg Ny
As previously noted, the method has a number of advantages derived from its

mixed methodology. Given that the approach is model-based, sampling and survey
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design variables are included in the analysis so that their relationship to the population
estimates can be examined and explained directly (Tighe et al., 2010). The multilevel
aspect of this approach makes it possible to model the clustering of respondents within
surveys and within geographical locations. The Bayesian inference feature enables the
adjustment of many factors, which facilitates the inclusion of more information in the
inferential procedure (Gelman, 2014). Post-stratification allows us to correct for non-
response bias (Park et al., 2004). The limitations of the model, reflected in the literature
review, lie in the complexity of model building and the risk of misspecifications
(Gelman, 2014).

Next is the description of some studies that employed the BMRP approach.
Shirley and Gelman (2012) applied it to estimate state and demographic trends in U.S.
public opinion on the death penalty. The authors used data from General Social Survey

<<

and Gallop polls conducted between 1974 and 2000 that asked a question of the type
Do you favor or oppose the death penalty for persons convicted of murder?” With the

BMRP approach, they were able to estimate trends by geographical location, gender, and
race.

Park et al. (2004) validated the BMRP method by applying it to pre-election poll
data and compared the estimates with state election outcomes. The researchers
concluded that the model outperformed other models commonly used in political science.
Gelman (2014), in turn, presents the results of a project that succeeded for the first time
in building a model that connects income and voting patterns (red vs. blue states). The

model was fitted to pre-election polls from 2000, 2004, and 2008 with about twenty to
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forty thousand respondents per year. The multilevel aspect of the model allowed for
different patterns of income and voting in different states.

For the last ten years, researchers at Brandeis University's Steinhardt Social
Research Institute have been studying methods to estimate the size and demographic
characteristics of the adult Jewish population in the US (Tighe et al., 2010; Tighe et al.,
2012). They apply the BMRP approach to model the likelihood that a survey respondent
will identify as Jewish and to examine the geographic and demographic distribution of
the Jewish population in the US. The model draws on data from repeated independent
samples of US adults who self-identify as Jewish (Tighe, Saxe, Kramer & Parmer, 2013).
Hierarchical Bayesian analysis accounts for the clustering of respondents within surveys.
In this way, researchers are able both to estimate the population and to account for the
different sampling variances across data sources. When using this approach, weighting
factors associated with the assessment of the Jewish population (such as geographical
location and variation by age, education, and the interaction of the two) are estimated
directly (Tighe et al., 2013).

Comparison of Cross-Survey Methods.

In this section I present the results of a study that compared the cross-survey
methods that are assessed in this dissertation.

Figueiredo and Campos (2013) conducted a comparative study of three statistical
approaches to combining survey data. The three approaches, applied to the estimation of
the party share of the vote in the Portuguese legislative elections, were (a) meta-analysis
type approach (the authors refer to it as poll aggregation), (b) Bayesian multilevel

regression with post-stratification (BMRP) (the authors refer to it as multilevel regression
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method), and (c) small area estimation method (EBLUP). The third method is not
relevant to this study, for in addition to combining data from surveys, it uses
administrative data. They used the MAE (mean absolute error) and the CV (coefficient
of variation) indicators to compare the methods. Results indicate that estimates obtained
with the BMRP method were closer to exit poll results than estimates generated with the
meta-analysis method. In addition, estimates generated with the BMRP approach were of
better quality (lower CV) than the ones produced by the other two methods. Judging
from the published article, it is not clear whether the authors took into consideration the
weighting schema of each study or just the sample size.
Summary

This section of the literature review introduced the cross-survey methodology.
First it provided an overview of this methodology, including general theoretical purposes
and considerations for implementation. Then it examined the three cross-survey methods
used in this dissertation. The review of studies that apply cross-survey methodology
revealed a host of different approaches, especially in terms of the treatment of survey
variances. As previously noted, it was not easy to find research that applied the meta-
analysis methodology described by Fox (2011). A large number of studies that use meta-
analysis approaches fail to consider the sampling design of the different surveys. In
regard to the use of pooled design-based cross-survey methods modeled on Khorn and
Graubard (1999), a significant number of studies were found in the health sciences.
Many of these combine different cycles of the same study. The review of the literature

showed various model-based approaches to combining data from different surveys that
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apply hierarchical modeling. Numerous examples were found of the use of Bayesian
multilevel estimation with post-stratification, especially in the social sciences.

This dissertation adds to the small body of research that applies the meta-analysis
and pooled design-based cross-survey methodologies to estimate populations. In
addition, it contributes to the comparison of cross-survey methodologies.

Jewish Population in the US and Canada

Demographic data on the Jewish population is important for understanding
contemporary Jewish life and for effective policy planning, and has implications on the
global and local levels (DellaPergola, 2011; Rebhun, 2014; Tighe, Saxe & Livert, 2010).
This section begins with a brief description of who is considered a Jew both in the
context of the present study and in relation to broader sociodemographic definitions.
Subsequently, it briefly discusses sociodemographic research on the Jewish population in
the US and Canada. The intent is to illustrate the importance the Jewish community
places on population studies. As Heilman (2103) points out,

Jews have been counting themselves since the exodus from Egypt, and just as

long there have been questions about the accuracy and completeness of those

counts. In that sense, not a lot has changed in the long course of Jewish history.

But we have always understood that while the question of what constitutes Jewish

identity and activity is essential and critical, the question of how many there are

for whom it is such, is no less important. (p 1).

Jewish by Religion
Central to demographic studies of the Jewish population is the definition of “who

is a Jew.” Normative and operational definitions used to describe who is Jewish lack both
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coherence and uniformity (DellaPergola, 2014). As Saxe et al. (2013) argue, “who is a
Jew” is a social classification that depends on diverse factors including Jewish law
(halacha), religious identity, ethnicity, culture, language, and/or descent.

Kosmin et al. (1991) introduced the concept of core Jewish population. This
Jewish population includes (a) respondents who identify themselves as Jews when asked
about their religion; and (b) individuals who consider themselves to be Jewish (who are
not interested in religion but see themselves as Jews by ethnicity or by other cultural
criteria), have a Jewish background, and are not affiliated with other organized religions
(Cooperman, Smith, Hackett, & Kuriakose, 2013; DellaPergola, 2014). The sector of the
Jewish population that self-identifies as Jewish when asked about religious affiliation is
frequently referred to as “Jewish by religion.” This is the sector of the Jewish population
that was estimated in this study by means of cross-survey methods. The proportion of the
Jewish by religion population within the core Jewish population is estimated to be about
78% in the US (Cooperman et al., 2013) and about 84% in Canada (Shahar, 2014).

The format of self-identifying religion questions might differ across surveys.
Most of these questions in US surveys ask: “What is your religious preference? Is it
Protestant, Catholic, Jewish, or other?” or “What is your religious preference, if any?”
The format might influence how a respondent interprets the question. Previous
multilevel research that modeled the likelihood of a respondent being Jewish in the US
found very small survey variance (e.g., ICC of .004) after level one variables were
included in the model, which led to the conclusion that the wording of the question was

not a significant predictor (Tighe et al., 2010; Tighe et al., 2011).
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Sociodemographic Research on the Jewish Population in Canada

Canada has included religion-related questions in its census since 1901
(Koffman & Weinfeld, 2011). For many decades the Canadian census has served as an
important tool for researchers of the Canadian Jewish population. It provides an
opportunity to obtain a snapshot of the demographics of this population as well as to
study demographic trends over time (Shahar, 2003). The Canadian census has also been
used to detect additional features of the Jewish population such as intermarriage rate and
enrollment of children in Jewish day schools, and even to identify at-risk segments of this
population (Shahar, 2013).

The Canadian census includes a religion question every ten years and an ethnic
ancestry question every five years (Statistics Canada, 2005; Weinfeld, Schnoor &
Koffman, 2013). It has counted Jews as both a religious and an ethnic group for many
decades (Weinfeld, 2013). Starting in 1971, the Jewish Federations of Canada adopted
what is known as the “Jewish standard definition” to estimate the size of the Jewish
population. This definition derives from a combination of responses to both the religion
and the ancestry question from the census. It establishes that a Jew is someone who
identifies as Jewish either by religion or by ethnic ancestry, provided he or she does not
identify with any other religious affiliation (Shahar, 2004; Weinfeld et al., 2013).

Based only on the religion question, the Jewish population for 2011 was
estimated at 329,495. In 2011 a revised definition was adopted that includes additional
census questions such as place of birth, five-year mobility, and knowledge of non-official

languages (Shahar, 2014; Weinfeld et al., 2013). Based on the revised definition, the



35

Jewish population of Canada in 2011 was 391,665, representing approximately 1.2% of
the total Canadian population (Shahar, 2014).

Prior to 2011 the religion and ethnicity questions were part of the mandatory
long-form questionnaire, which was administered to 20% of the population. In 2011 the
long form became the voluntary National Household Survey (NHS). The NHS was
conducted on the same day as the 2011 census and distributed to a third of the households
in Canada. It had a 68% response rate across the country (Weinfeld, 2015). Concerned
about accurate and maximal census counts, the Jewish Federation urged Jews to answer
the 2011 NHS (Weinfeld, 2015). It is not clear how the voluntary nature of the survey
and the community's efforts to have a high Jewish participation rate might have affected
the non-response bias (Shahar, 2014). For the purpose of this study, the estimation of the
Jewish population from the Canadian census was calculated using only the religion
question.

Sociodemographic Research on the Jewish Population in the US

The Jewish community is strongly interested in determining and understanding its
population size and demographic distribution (Tighe et al., 2010). To this end, in the last
decades the Jewish community in the US has invested more resources in
sociodemographic studies than in any other type of systematic research (Saxe, Tighe &
Boxer, 2014). In the absence of a census, researchers have used two main strategies to
produce estimates of this population, namely, national population studies and a
systematic combination of local population estimates (Saxe et al., 2014).

In 1957 the U.S. Census Bureau carried out a Current Population Survey (CPS)

that included information on religious affiliation. This survey was highly reliable, but it
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was administered only once. The central Jewish federation, in turn, conducted National
Jewish Population Studies (NJPS) on the size and characteristics of the U.S. Jewish
population in 1970, 1990, and 2000 (DellaPergola, 2013). The 1990 survey is highly
regarded. It included a random digit dialed (RDD) sample with oversamples of low-
density Jewish population areas. It screened for Jews in the framework of an omnibus
survey over the course of a year (DellaPergola, 2005; Kadushin, Phillips & Saxe, 2005).
The 2000 survey, by contrast, has been the focus of substantial controversy and
misinterpretation (Kadushin et al., 2005).

In addition to the NJPS, Mayer, Egon, Kosmin, and Keysar (2001) conducted an
American Jewish Identification Survey (AJIS) with private funding in 2001
(DellaPergola, 2013) and in 2008 (Kosmin,2009). One of their purposes was to replicate
the methodology of the 1990 survey. Furthermore, in 2013 the Pew Research Center’s
Religion & Public Life Project carried out a national representative survey of the Jewish
population. Researchers performed more than 70,000 screening interviews to identify
Jewish respondents in the US. Longer interviews were completed with 3,475 Jews
(Cooperman et al., 2013).

National surveys of the Jewish population are very expensive and difficult to
conduct. The main problem is that Jews only constitute approximately 2% of the total
population of the US, which makes the use of random digit dialing (RDD) surveys
extremely expensive (Saxe et al., 2014). As an example, in an effort to reduce costs and
increase the size of the sample, Pew survey researchers did not carry out interviews in
those areas of the country where previous studies indicated that there were very few

"Jews by religion." The survey covered geographical areas that are home to roughly 90%
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of the US adult population, which means that the results were less than ideal for
calculating population estimates (Cooperman, 2013). Additional limitations of a national
survey are associated with low response rates and the potential bias introduced by
sampling error and weighting (Saxe et al., 2014).

Due to all these disadvantages, researchers at Brandeis University's Steinhardt
Social Research Institute (SSRI) have resorted to a different approach based on cross-
survey methods. This approach combines individual-level data across studies through
statistical techniques that take into account differing designs of the studies. It is thus
possible to obtain overall estimates as well as distributions by age, sex, education, and
geographical area (Saxe et al., 2013; Tighe et al., 2012; Tighe et al., 2013).

A fourth strategy follows the major tenets of demography. DellaPergola (2013)
examines the demographic trends of the Jewish population in the US. He compares and
reassesses the various national Jewish population estimates from a demographic
perspective, looking at international migration, fertility, and conversions trends.

An ongoing debate exists among scholars and researchers regarding the size and
features of the Jewish population in the US. As Saxe and DellaPergola (2013) assert,

Assessing the size and characteristics of the Jewish population in the United

States is probably not the central question that needs to be addressed by American

Jewry, but is surely one of the most intriguing, debated, and at times antagonizing

tasks—not only in demographic studies but more generally in the social scientific

study of Jewry (e.g., Contemporary Jewry 2005). Competing narrative and
empirical approaches have generated diverging estimates, with a significant high-

low gap of about one million, and opposite interpretations of current and expected
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trends, ranging between rapid growth and slow decline (see DellaPergola 2013;
Saxe and Tighe 2013). (DellaPergola, Saxe, and Tighe, 2013, p.4)
Relevance of Jewish Population Sociodemographic Research

Demographic data on the Jewish population have played an important role in both
scholarly analyses and Jewish communal planning (DellaPergola, 2011; Rebhun, 2014;
Saxe & Tighe, 2013). Scholars have been using sociodemographic research not only to
study the demographic patterns of the Jewish community, but also to explore a wide
variety of economic and social issues concerning the Jewish population. They have
relied on sociodemogaphic information to study the economic status of the Jewish
community (Wilder, 2014) and the effects of the economic crisis on Jews (Kotler-
Berkowitz, 2014), examine the relationship between community features and Jewish
identity (Hartman, & Sheskin, 2011), and look at attitudes toward and attachment to
Israel (Sasson, Kadushin, & Saxe, 2010), to name a few.

Sociodemographic studies of the Jewish population in the US have played and
continue to play a central role in the discourse on the continuity of the Jewish community
and in long-term policy planning. For instance, “the findings of the 1990 National Jewish
Population survey were a catalyst for academic and communal debate about
intermarriage, the role of religion/ethnicity, and Jewish continuity (Goldstein 1992;
Mayer, 1991)” (Saxe & Tighe, 2013, p. 44 ). A more recent example is the extended
debate sparked by the 2013 Pew survey of Jewish Americans (Cooperman et al., 2013) on
the implications of its findings, and thus on long-term planning (e.g., Cohen, 2015;

Kosmin, 2015; Saxe, Sasson, & Aronson, 2015).
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Jewish population estimates have also been used to adjust the samples of target
studies on Jewish populations through post-stratification weighting. For example,
researchers have used population estimates from the 2000—01 NJPS, or, more recently,
from the Pew Religious Landscape Survey and the General Social Survey as frames to
which to weight target studies (Boxer, Aronson & Saxe, 2013). Furthermore, Jewish
population estimates from cross-survey analysis conducted at the SSRI have helped
generate post-stratification weights for community studies (e.g., Boxer, Aronson, Brown
& Saxe, 2015) and for surveys based on online panels (e.g., Boxer et al., 2013).
Summary

The first purpose of this section of the literature review was to provide a brief
description of the operational definition of Jew in the context of the present study. The
second was to illustrate the importance of sociodemographic research on the Jewish
population in the US and Canada. The third was to describe current methodologies for
estimating the Jewish population in these countries. Lastly, this section aimed to convey

the complex and competing narratives of sociodemographic research in the US.



40

Chapter 3: Methodology

The goal of this study was to assess the feasibility of using cross-survey methods
to estimate the proportions of low-incidence populations. This chapter discusses the
overall research design and methodology; describes the samples and data preparation;
explains the procedures used to obtain population estimates through cross-survey
analysis; and details the statistical procedures followed to evaluate the cross-survey
methods and answer the research questions. The study consisted of three stages: data
preparation, population estimation using cross-survey methods, and evaluation of these
methods.

Overall Research Design and Methods

Overall Research Design

This dissertation aimed to assess the operational characteristics of three cross-
survey methods and to ascertain their suitability to estimate the proportions of low-
incidence populations. Specifically, I evaluated the use of these methods to estimate the
proportions of the adult population that self-identifies as Jewish in the largest Canadian
and American metropolitan areas and in the Canadian provinces expected to have the
largest proportions of Jewish adults based on the Canadian census. For this purpose,
evaluation and cross-validation studies were performed with data from nationally
representative probability samples of the adult population in Canada and the US. Three
main sets of such surveys were included: Canadian data from 1997-2004, Canadian data
from 2006-2014, and U.S. data from 2008-2014. The 1997 to 2004 time period includes
surveys conducted before and after the 2001 Canadian census, which, when combined,

could be used to provide a population estimate that could be compared to the 2001
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Canadian census benchmark. Multiple years of data are required because there are too
few surveys conducted in a single year. Similarly, data are combined from 2006 to 2014
for comparison to mid-year of 2011 Canadian Census.

The three cross-survey methods evaluated in this study are meta-analysis of
complex surveys (MACS), pooled design-based cross-survey (PDCS), and Bayesian
multilevel regression with post-stratification (BMRP). Chapter 2 discussed the theories
underlying these methods as well as examples of their application. The Cross-Survey
Analysis section below provides information concerning the estimation procedures
carried out based on these methods.

Estimates of the proportions of the adult Jewish population by province and
metropolitan area were generated for each of the batches in the study using each of the
three cross-survey methods. These estimates, in turn, were compared and evaluated to
answer the research questions.

To evaluate the accuracy of the methods, it would be optimal to compare the
results to external benchmarks. In the United States census data do not include religious
identification, so there are no external benchmarks with which results can be compared.
In Canada, in contrast, religious identification is available through the census. Prior to
2011 the Canadian census included a question about religious identification every ten
years as part of the mandatory long-form questionnaire, which was administered to 20%
of the population. In 2011 the government introduced the National Household Survey
(NHS) to replace sections of this questionnaire. The NHS was conducted on the same

day as the 2011 census, but unlike the latter, it was voluntary.! [See Figure 3.1 for the

!The long-form questionnaire will be reinstated for the 2016 census.
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religious identification question used in the 2011 NHS (Statistics Canada, 2011).] For
the present study, the accuracy of the Canadian sample estimates was assessed using two
time periods, namely, 2001, when the religious identification question was part of the

long-form questionnaire, and 2011, when this question was voluntary.

| |4
22 What is this person’s religion? L

Specify one denomination or religion only. Spec.fy one denomination or religion only.

Indicate a specific denomination or religion
even if this person is not currently a practising
member of that group.

For example, Roman Catholic, United Church,
Anglican, Baptist, Lutheran, Muslim, Presbyterian,
Pentecostal, Jewish, Buddhist, Hindu, Sikh,
Greek Orthodox, etc. ( No religion () No religion

Figure 3.1. Religious identification question, 2011 NHS. Adapted from 2011 National

Household questionnaire, by Statistics Canada, 2011. Retrieved from

http://www12.statcan.gc.ca/nhs-enm/201 1/ref/about-apropos/ques guide-eng.cfm

The precision and reliability of the three cross-survey methods was assessed by
(a) systematically comparing the estimates generated by the different methods of the
proportions of the adult Jewish population in the Canadian provinces with the largest
Jewish population and in the largest metropolitan areas in Canada and the US (see the
Data Analysis section below) and (b) cross-validating the estimates generated from
random subsamples of the U.S. sample (see the Sample Description and Data Analysis
sections below).
Target Population

The target population of the study is the adult population that self-identifies as
Jewish living in (a) the four provinces with the largest Jewish population, (b) the three
largest Canadian metropolitan areas, and (c) the 20 largest metropolitan areas in the US.
As noted in the previous chapter, defining who is Jewish is a complicated process. In this

study I am only considering adults (aged 25 years or older in Canada and aged 18 years


http://www12.statcan.gc.ca/nhs-enm/2011/ref/about-apropos/ques_guide-eng.cfm
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or older in the US) who self-identified as Jewish when asked about their religion. For the
sake of simplicity, Jewish adults are being defined as those who self-identify as Jewish
when asked about their religion.

Dependent variable

The point estimate (8) generated in this study with each of the three methods is
the proportion of the adult Jewish population within a specific geographical location, for
example, the proportion of the adult Jewish population in the Toronto metropolitan area.
Proportions can be estimated either by dividing the counts of the adult Jewish population
by the total adult population for the specific geographical location or by estimating the
mean of a dichotomous variable in which Jewish adults are coded as 1 and other adults,
as 0.

As will be described subsequently, the proportion of the adult Jewish population
was estimated by metropolitan area in the US, by metropolitan area in Canada, and by
province in Canada.

Geographical variables

In the US, metropolitan areas are defined as core urban areas with a population of
50,000 or more inhabitants. Metropolitan areas are uniquely defined by a five-digit
number called Core-Based Statistical Area (CBSA) code (U.S. Census Bureau, 2015).
Table 3.1 shows the 20 U.S. metropolitan areas included in the study. For each of these
areas, the table displays the total adult population. The total adult population is based on

census estimates for 2014.



Table 3.1

U.S. Largest Metropolitan Areas

CBSA Name Total Adults

35620 New York-Newark-Jersey City, NY-NJ-PA 15,650,031
31080 Los Angeles-Long Beach-Anaheim, CA 10,223,981
16980 Chicago-Naperville-Elgin, IL-IN-WI 6,616,152
19100 Dallas-Fort Worth-Arlington, TX 5,094,685
26420 Houston-The Woodlands-Sugar Land, TX 4,738,824
47900 Washington-Arlington-Alexandria, DC-VA-MD-WV 4,576,052
37980 Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 4,187,805
33100 Miami-Fort Lauderdale-West Palm Beach, FL 4,705,592
12060 Atlanta-Sandy Springs-Roswell, GA 4,183,807
14460 Boston-Cambridge-Newton, MA-NH 3,411,280
41860 San Francisco-Oakland-Hayward, CA 3,655,838
38060 Phoenix-Mesa-Scottsdale, AZ 3,370,429
40140 Riverside-San Bernardino-Ontario, CA 3,250,224
19820 Detroit-Warren-Dearborn, MI 3,310,685
42660 Seattle-Tacoma-Bellevue, WA 2,861,543
33460 Minneapolis-St. Paul-Bloomington, MN-WI 2,649,105
41740 San Diego-Carlsbad, CA 2,531,831
45300 Tampa-St. Petersburg-Clearwater, FL 2,319,250
41180 St. Louis, MO-IL 2,167,262
19740 Denver-Aurora-Lakewood, CO 2,099,066

considers the population in the four provinces with the largest Jewish population:
Quebec, Ontario, Manitoba, and British Columbia. The Canadian census metropolitan

areas (CMAs) are composed of one or more adjacent municipalities situated around a

Canada is divided into ten provinces and three territories. This study only
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population center (known as the core). These areas must include, at a minimum, 100,000

residents, of which 50,000 or more must live in the core (Statistics Canada, 2015). The

study focuses on the three largest metropolitan areas, namely, Toronto, Montreal, and

Vancouver.

Table 3.2 shows the provinces and metropolitan areas included in this study. For

each geographical area, the table displays the total adult population and the adult Jewish

population based on estimates from the 2001 census and the 2011 NHS public use
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microdata files (Statistics Canada, 2001; Statistics Canada, 2011). Counts represent
adults aged 25 and older.

Table 3.2

Canadian Provinces and Metropolitan Areas included in the Study

Total Adult Adult Jewish Total Adult Adult Jewish

Geographical area Population Population Population Population
2001 2001 2011 2011
Province
Quebec 4,884,949 63,289 5,522,405 56,613
Ontario 7,573,083 130,037 8,758,569 127,927
Manitoba 718,771 9,516 788,157 8,211
British Columbia 2,651,638 16,101 3,106,909 14,794
Metropolitan Area
Montreal, Quebec 2,317,112 62,179 2,637,381 56,117
Toronto, Ontario 3,122,378 110,806 3,796,746 113,028
Vancouver, British Columbia 1,358,010 13,294 1,628,592 12,836

Sample description

This study includes three sets of survey data. Each comprises existing survey
samples for which raw data are available. I will further refer to the three sets as batches
to distinguish between them and the survey samples that comprise the data. Next is an
outline of these batches (a more detailed description is provided in the Data Preparation
section, and in Chapter 4 as well).

2001 Canada batch (Ca2001): The Ca2001 batch comprises data from surveys
of nationally representative random samples of the adult population in Canada. It
includes 45 national surveys fielded between 1997 and 2004.

2011 Canada batch (Ca2011): The Ca2011 batch contains data from surveys of
nationally representative random samples of the adult population in Canada. It includes

17 national surveys administered between 2006 and 2014.
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2011-US batch (US2011): The US2011 batch consists of data from surveys of
nationally representative random samples of the adult population in the continental US
conducted between 2008 and 2014.

In addition to these batches, the following subsamples of the main US batch were
generated:

US2011a-US batch (US2011a): A stratified randomly selected subsample of
survey samples that represents half of the surveys in US2011 batch; and

UI2011b-US batch (US2011b): A stratified randomly selected subsample that
represents the other half of the survey samples in US2011 (not included in US2011a).

US2011a and US2011b have been selected so that the resulting files are
equivalent in terms of sample size, weighted proportion of Jewish population, and survey
quality. To achieve matching samples, I stratified the US2011 batch based on sample
size (three categories), weighted Jewish population (three categories), and survey
sponsor. Surveys were then randomly assigned to US2011a and US2011b based on the
stratification.

Data Preparation

This section includes information about the first stage of the study, that is, data
preparation. It describes the preparation of the survey samples datasets and of the
additional datasets that were needed to conduct the study. As previously described,
several collections of datasets were needed: (a) US batches, US2011, US2011a and
US2011b, (b) Canada batches Ca2001 and Ca2011. In addition, several auxiliary

datasets were needed for analysis and benchmarking. These include: (a) U.S. and
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Canadian census and NHS datasets, and (b) 2001 Canadian census and 2011 NHS Jewish
population counts datasets.

Survey Samples Searches

Searches for the surveys for the Canadian batches were conducted in major
Canadian data repositories, both governmental and private. Surveys were primarily
identified through ODESI (Ontario Data Documentation, Extraction Service and
Infrastructure). ODESI is a digital repository for the social sciences that contains
information about an extensive number of collections, such as Statistics Canada’s public-
use survey data. In addition to ODESI, surveys were identified through the Canadian
Opinion Research Archive (CORA), Canadian Gallup, Ipsos Reid, the Interuniversity
Consortium for Political and Social Research (ICPSR), the Canadian Policy Research

Network, and the Institute for Social Research (ISR).

Surveys for the U.S. batch were drawn from a dataset collected by researchers at
Brandeis University's Steinhardt Social Research Institute (SSRI) (Tighe et al., 2013).
Over the past ten years, SSRI researchers have stored more than 400 independent samples
of surveys of the adult population in the US. This dataset includes surveys identified in
major data repositories, such as ICPSR and the American Religion Data Archive
(ARDA), as well as in poll archives at the Roper Center, Gallup, and Pew Research
Center (Tighe et al., 2012; Tighe et al., 2013). Chapter 4 includes a detailed description

of the batches.

As stated in Chapter 2, a number of features must be taken into consideration
when combining data from different surveys. The choice of surveys for the samples was

guided by this information. Surveys had to meet the following conditions:
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e include the target population;
e refer to the correct time period;
e contain data that can be statistically combined;
¢ include nationally representative samples of the adult population in Canada or
the US;
e offer baseline demographical information for each respondent: gender, race,
educational attainment, and age;
e provide a measure of respondent’s current religious identification;
e contain sufficient geographical information to identify respondent’s
metropolitan area; and
o offer sufficient (sampling) weight information to conduct the cross-survey
analyses.
U.S. Dataset and Combined Canada Batches Dataset
The two main datasets for this study are composed of all the individual data from
the surveys in the Canadian and U.S. batches, respectively. Each record in a dataset
represents a respondent in a survey. The record for each respondent includes both
survey-related and respondent-related information. Survey-related information consists
of survey identification, sampling method, sample size, response rate, and year the survey
was conducted. Respondent-related variables are religious identification, demographic
and geographical information, and survey weights. Each survey and each respondent are
uniquely identified.
Demographic data recoded for each respondent and included in the U.S. dataset

consists of the following variables: gender, age, educational attainment, and race. For



49

each respondent in the Canadian dataset, the demographic variables include gender, age,
educational attainment, and income. The geographical information recoded for each
respondent in the U.S. dataset consists of state, county, and metropolitan area. In the
Canadian dataset, geographical variables consist of province and metropolitan area.

Sampling-related variables were also recoded for each respondent. This
information includes the total weight for each record drawn from the survey, as well as
any other available information regarding the provided weight.

Variables in the datasets are standardized, in the sense that they represent the
same measure across surveys. Religious identification is coded 1 for Jewish and 0 for
non-Jewish. Provinces and metropolitan areas in Canada and metropolitan areas in the
US are coded according to their province or state, CMA, and CBSA codes, respectively.
For demographics, in the U.S. dataset, age is coded for all respondents according to six
categories: 1 for ages 18-24, 2 for ages 25-34, 3 for ages 35-44, 4 for ages 45-54, 5 for
ages 55-64, and 6 for ages 65+. Education is coded into two levels: non-college-
educated, coded 0, and college-educated, coded as 1. Race/ethnicity is coded into four
categories: non-Hispanic White is coded 1, non-Hispanic Black is coded as, 2, Hispanic
as, 3, and all others, 4. Gender is coded 0 for males and 1 for females. In the Canadian
datasets, in turn, age is coded for all respondents according to five categories: 1 for ages
25-34, 2 for ages 35-44, 3 for ages 45-54, 4 for ages 55-64, and 5 for ages 65+.
Education is coded into five levels: no certificate is coded 1, high school certificate is
coded, 2, trade or college certificate is, 3, university certificate is, 4, and post-college
certificate, is 5. Income is coded into four categories: 1 for annual incomes between 0 and

$30,000, 2 for annual incomes between $30,000 and just below $60,000, 3 for annual



50

incomes between $60,000 and just below $80,000, and 4 for annual incomes of $80,000
or more.
U.S. and Canadian Auxiliary Census Datasets

The U.S. auxiliary census population dataset includes total adult population
counts for the year 2014 for metropolitan areas by, age, race/ethnicity, gender and
education attainment. These data were adapted from the U.S. Census Current Population
Estimates Program (PEP) and the U.S. American Community Survey (ACS). PEP
produces yearly estimates of the population of the United States and its states and
counties by age, sex, race, and Hispanic origin. Data from the ACS were used for
distributions by educational attainment. Table 3.3 provides an example of a record in the
dataset. This record indicates that the number of non-Hispanic White college-educated
females aged 18-24 in the “Los Angeles-Long Beach-Anaheim, CA” metropolitan area
(CBSA 31080) for age is 51,638.
Table 3.3

U.S. Census Population dataset record

CBSA Age Gender Race College Count
Graduate
31080 1 1 1 1 51,638

The auxiliary 2001 and 2011 Canadian census and NHS datasets includes
population counts by demographic and geographical categories. The files contain total
adult population counts for the years 2001 and 2011 for province and metropolitan area
by age, gender, income, and educational attainment. The data included in the 2001

auxiliary census file were based on analysis of the 2001 Census of Population Public Use
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Microdata File (2001 PUMF) produced by Statistics Canada (Statistics Canada, 2001).
The data contained in the 2011 auxiliary NHS file were based on analysis of the 2011
National Household Survey Public Use Microdata File (2011 PUMF) obtained also from
Statistics Canada (Statistics Canada, 2011). PUMFs files provide access to non-
aggregated and anonymous data for a 2.7% sample of the Canadian population (Statistics
Canada, 2014).

Table 3.4 offers an example of a record in these Census datasets. This record
indicates that in 2001 the number of female, college-graduate adults aged 25-34 with an
annual income over $80,000 in the Toronto metropolitan area was 136,938.

Table 3.4

Auxiliary 2001 Canadian Census Dataset Record

Year Area Age Gender Education Income Count

2001  Toronto 1(25-34) 1 (Female) 4 (University Certificate) 3(over 80K) 136,938

2001 Canadian Census and 2011 NHS Adult Jewish Population Counts

As described below, census counts of the adult Jewish population by geographical
location (province and metropolitan area) were needed to conduct the analyses. The 2001
Canadian census and 2011 NHS adult Jewish population counts datasets include this
information for the years 2001 and 2011. Information was adapted from the 2001 Census
of Population Public Use Microdata File (Statistics Canada, 2001) and 2011 National
Household Public Use Microdata File (Statistics Canada, 2011) provided by Statistics
Canada.

Table 3.5 offers an example of a record in the 2011 NHS adult Jewish population

dataset. The example indicates that the female Jewish population aged 25-34 with a
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university certificate in the Toronto, Ontario metropolitan area (CMA 535) was 6,104 for
the year 2001.
Table 3.5

2001 Census and 201 INHS Adult Jewish Population Counts Record

Area Age Gender Education Count

Toronto 1(25-34) 1 (Female) 4 (University Certificate) 6,104

Population Estimation Using Cross-Survey Analysis

In this section I describe the types of population estimates that were generated
with the three cross-survey methods, and the procedures followed to generate these
estimates.
Description of Population Estimates

For each batch, I generated a series of population estimates using the three
methods of cross-survey analysis. As stated previously, the population estimates are
represented as proportions of the overall population. Below is a description of the
population estimates generated in this study with each of the methods:

e proportions of the adult population that is Jewish by geographical location in
the US. I provide estimates for the 20 largest metropolitan areas in the US for
batch US2011, and for batches US2011a and US2011b;

e proportions of the total adult population that is Jewish in the four Canadian
provinces with the largest proportions of Jewish population for batches
Ca2001 and Ca2011; and

e proportions of the total adult population that is Jewish in the three largest

Canadian metropolitan areas for batches Ca2001 and Ca2011.
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Procedures to Generate Population Estimates for each Cross-Survey Method
What follows is a description of the steps involved in the application of each
method to generate the population estimates discussed above.
Meta-Analysis of Complex Surveys (MACS). The first step in generating
population estimates using the MACS method consists of generating the population

estimates described in the previous section, 8, and related variances, v (6, ), for each

survey j using the weights provided by the survey.

The second step requires computing relative weights w; for each survey j. In the
context of the MACS approach, weights are used to attach greater significance to the
more precise estimates when pooling. Relative weights are a function of both the
variance (v; ) and the design effect (def f;) of the survey. The design effect adjusts for

excess variability if there is clustering in the survey:

1
deff;j
vj

The third step involves generating population estimates 8y and related variances
across surveys for each batch. The estimate of the population for a given batch is the

weighted average of the estimates across all survey samples in the batch:

k

E w;0;

j=1 17/
Zk

w;

j=1 7

The variance of the population estimate v(@) is calculated as the weighted

Oy =

average of the variances of the different surveys in the batch:

v(0) = 1/2521 Wj
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Pooled Design-Based Cross-Survey (PDCS). The first step in generating

population estimates using the pooled design-based cross-survey approach involves

calculating a new relative weight (Wi*j) for each respondent i in each surveyj. This step

is needed to take into account survey-specific sample designs and sample sizes.
* —
Wij = wij * k;

where £j is defined as:

27;11 Wiq + -t Z?:L1 Wi, (CVJZ + 1)/77.]

k: = : 1—
LY w ( (CVE+1)/ng +--+ (CVZ+ 1)/nL)

]

where CV is the coefficient of variation of the sample weights in survey sample ;.

The relative weight for each respondent is calculated independently for each
batch. For instance, the relative weight for the Ca2011 batch is calculated using only the
weights of the respondents included in this batch.

The second step consists of obtaining the estimate of the population parameters

using the relative weights calculated in the first step:

L Yt v
é j=1 Zizlw ij Yij

- L nj *
j=1 L= Wi

where L is the number of survey samples with ny, n,...n;, sample sizes, {y;; |
:1,..., le ,j = 1, ,L}

In the last step, the variance of the target population parameters is calculated
using the jackknife replication method. A separate jackknife analysis is conducted for
each estimate generated. The jackknife is run on the same data used to generate the

estimate. The PSU for each analysis is the individual respondent (case level). For
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example, the proportion of the adult Jewish population in the San Diego metropolitan
area is estimated using data for the San Diego metropolitan area from the US2011 batch.
The variance for this estimate is calculated by applying the jackknife method to the same
data.

Bayesian Multilevel Regression with Post-Stratification (BMRP). The first
stage of the BMRP approach involves building a Bayesian multilevel logistic regression
model for each of the batches. The logistic regression model predicts the probability that
a person will be identified as Jewish given that person's demographic characteristics (e.g.,
age, and education), geographical location and survey sample information. “Bayesian
inference starts with a prior distribution on the unknown parameters and updates this with
the likelihood of the data, yielding a posterior distribution which is used for inferences
and predictions” (Gelman & Hill, 2007, p.143).

Bayesian data analysis is an iterative process that involves the following main
steps: (a) fitting a Bayesian probability model to the data and specifying the prior
distribution, (b) calculating the posterior probability of unknown quantities conditioned
on observed quantities, (c) checking the fit of the model, and (d) improving/expanding
and extending the model (Gelman, Carlin, Stern & Rubin, 2004; Krushke, 2014).
Specifications for the Bayesian probability model include both developing a meaningful
descriptive model and establishing prior distributions of its parameters (Krushke, 2014).
Prior distributions represent researchers' initial beliefs regarding parameter distribution.

Logistic hierarchical linear modeling (glm) is used to explore the data, decide
what initial parameters to include in the model, and obtain values for the priors.

Likelihood models run faster than Bayesian models and offer accurate point estimates of
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low incidence populations. Nevertheless, they provide inaccurate variance estimates. The
Bayesian hierarchical logistical model is developed and the prior distributions of the
parameters are specified based on the logistic hierarchical linear model analysis.

Initially, prior distributions are specified as non-informative. Non-informative prior
distributions play a minimal role in determining the posterior distribution, letting the data
guide the Bayesian inference (Gelman, Carlin, Stern & Rubin, 2004). Non-informative
priors are appropriate for parameters about which little is known beyond the data
(Gelman and Hill, 2007).

The next step in Bayesian analysis is assessing the fit of the model, which
involves determining whether or not it fits the data and whether or not it has converged.
Based on these assessments, the model is adapted and the analysis rerun using semi-
informative priors. These steps are repeated until the model properly fits the data and the
estimates converge.

Bayesian analysis [when run in R with STAN package] generates random samples
from the posterior distribution (Krushchke, 2014). The output of the analysis also
contains summary statistics of the coefficients of the posterior distribution including
mean estimates, standard errors, and credible intervals. One of the suggested methods to
evaluate the quality of the model is comparing the random samples from the posterior
distribution under the estimated model with the observed data using summary statistics or
graphical analysis (Gelman, et al., 2004; Gill, 2008).

An additional method to assess the quality of the model is testing different
variations of the model to the same dataset (Gelman & Hill, 2007). Models can then be

compared by (a) observing the implications of the model change for posterior distribution
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(Gill, 2008) and (b) examining summary measures of fit such as Deviance and DIC. The
Bayesian analysis software also calculates diagnostic indicators [e.g., potential scale
reduction factor ( ) and effective sample size (neff)] that can be used to assess whether
or not the model estimates have converged.

Once the Bayesian model is finalized, replications of the posterior distribution are
used to generate population estimates and credible intervals. The latter are obtained from
the variance of the estimates across the replications of posterior distributions.

In the second stage, population counts obtained from the census for each
combination of demographics and geographical locations included in the model are used
to estimate the corresponding Jewish population parameters. The estimated probability
that a person is Jewish for each combination of the parameters in the model can then be
calculated by evaluating the regression equation with the coefficients obtained from the
Bayesian analysis and the population counts from the census. Summing the results for
the different variables across the simulations, in turn, enables the generation of mean
estimates of the Jewish population. For example, if the age, education, and race variables
are predictors in the model, the estimates for a metropolitan area chsal are obtained by
summing over the predicted values of all categories of race, age, and education within
that metropolitan area.

Researchers at the SSRI center have been using the BMRP method to generate
estimates of the adult Jewish population in the US by state, metropolitan area, and county
groups (Tighe et al., 2010; Tighe et al., 2013). The hierarchical logistic regression model
employed to estimate the proportion of respondents identifying as Jewish has respondents

nested into surveys and geographical locations. The significant respondent-level
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predictors were found to be age, gender, education, race, the interaction of age and
education, county, and metropolitan indicator (metro, micro or rural area). The process
of fitting the Bayesian probability model to the U.S. sample is based on SSRI findings.
The process of fitting the logistic hierarchical regression model to generate estimates for
the Canadian batches required additional exploration to examine whether factors
associated with sampling and the likelihood of identifying as Jewish were the same in
Canada as they were in the US. I used data from the 2001 PUMF census file (Statistics
Canada, 2001) and 2011 PUMF NHS file (Statistics Canada, 2011) to explore which

demographic variables were related to Jewish self-identification.

Data Analysis - Evaluation of the Cross-Survey Methods

This section details the statistical techniques used to assess the operational
characteristics of the cross-survey methods and address the specific research questions
first presented in Chapter 1. The section begins with a description of the preliminary
analyses conducted, continues with a brief presentation of the different indicators used to
answer the research questions, and ends with the specific assessments needed to produce
these answers
Preliminary Analyses

Prior to conducting the analyses required to answer the research questions, a
series of descriptive statistical analyses were performed to understand the sample data
and provide additional information to interpret the results of the main analyses.
Additional information provided consists of the following: the total sample size as well as

the sample size by geographical area for each batch; comparison between the
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demographic distribution of the samples included in the Ca2001 and Ca2011 batches and
the corresponding Canadian census and NHS demographic distribution; an estimate of
the weighted and unweighted proportion of the adult Jewish population for each of the
samples that compose the three main batches; and the weighted and unweighted
proportion of the adult Jewish population for each sample for each of the 20 metropolitan
areas in the US (for the U.S. batch) and for the provinces and metropolitan areas

included in the study (for the Canadian batches).

Statistical Indicators
A number of indicators were employed to make two types of comparisons. The
estimates of the population parameters obtained with the cross-survey methods for
batches Ca2001 and Ca2011 were compared with the estimates from the Canadian census
and NHS, and the estimates obtained with the different methods were compared with
each other. The first set of indicators includes standard errors (SE), confidence intervals
(CI), credible intervals (Cly), and coefficients of variation (CV). These indicators were
calculated for each population estimate outlined above. What follows is a brief
description of each indicator.
e Standard Error (SE) measures the variability of an estimate due to sampling.
e Confidence Interval (CI) is a measure of the precision of survey estimates. It is an
interval, usually centered on the estimate obtained from a sample, which contains

the actual corresponding population value with a specified level of probability.
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e Credible Interval (Cly) is the Bayesian analogue of the confidence interval (Gill,
2008) and is calculated from the posterior distributions of the parameters of
interest.

e (oefficient of Variation (CV) measures the relative amount of sampling error
associated with the sample estimate. It is defined as the ratio of the standard error
to the value being estimated (U.S. Census Bureau, 2008). Following the
guidelines from the National Center for Education Statistics (NCES) and the
American Community Survey (ACS), CVs lower than 15% are considered good,
CVs between 15 and 30% are considered, fair, and CVs larger than 30% should
be interpreted with caution (National Center for Education Statistics, 2012;
Washington State Office of financial Management, 2010 ). In the Bayesian
analysis the CV is calculated from the posterior distribution as the ratio between
the standard deviation to the estimate.

In addition, based on the work of Yowell and Devine (2013), I calculated three
indicators that aim to identify differences between estimates: mean absolute percent error
(MAPE), mean algebraic percent error (MALPE), and root mean squared error (RMSE).
In their research into alternative methods to produce county population estimates for
2010, Yowell and Devine used these indicators to identify differences between estimates
and census counts. [ used them as an additional measure to assess the accuracy of the
estimates generated from Ca2001 and Ca2011. They also served to determine the
stability of the estimates generated from batches US2011a and US2011b with the three

cross-survey methods. Next is a brief explanation of these indicators.
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Mean absolute percent error (MAPE). MAPE is a measure of accuracy (Bryan,
2004). The purpose of this indicator is to provide a relative measure of error. To
calculate MAPE, we take the absolute value of the difference between the estimate
and the census value for each estimated value, divide that by each respective census
value, sum the results, divide this by the number of evaluations included in the

analyses (N), and multiply the result by 100:

Y.((JEstimate — census |)/census))
*

MAPE =
N

100

Mean algebraic percent error (MALPE). The purpose of this indicator is to
identify systematic bias and provide an alternative for a relative measure of error.
To obtain it, we take the difference between the estimate and the census value for
each evaluation, divide that by each respective census value, sum the results,
divide by the number of evaluations N, and multiply the result by 100.

Y.((Estimate — census )/census))
*

MALPE =
N

100

Root mean squared error (RMSE). This indicator presents an alternative measure
of error that places greater emphasis on large numeric errors than on mean
absolute errors. To calculate it, we square the difference between the estimate
and the census number for each evaluation, sum these values across evaluations,

divide by the number of evaluations, and find the square root of the result.

J E(estimate — census)?)
N

RMSE =

Research Question Analysis

Below are the data analyses that were conducted to answer the research questions.
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Research Question 1: How do cross-survey estimates of the proportions of the

total adult Jewish population in Canadian provinces and in metropolitan areas compare to

the estimates from the Canadian census and national household survey (NHS)?

Two main sets of analyses were conducted to answer this question. The purpose

of these analyses was to determine the accuracy and precision of the population estimates

generated by each cross-survey method.

Assessment of the differences between the estimates of the Jewish population
from the Ca2001 batch that were generated by the three cross-survey methods and
the corresponding population estimates from the 2001 Canadian census. The
accuracy and precision of each method were evaluated separately. In each case |
calculated the MAPE, MALPE, and RMSE indicators and examined the
confidence intervals of each estimate in relation to the population parameter
(taking into account that census estimates are also measured with error).
Assessment of the differences between the estimates of the Jewish population
from the Ca2011 batch that were developed with each cross-survey method, and
the corresponding estimates from the 2011 National Household Survey conducted
by Statistics Canada.

The accuracy and precision of the estimates of the three cross-survey methods

were assessed across four main scenarios represented in Table 3.6 below. For each batch

of surveys (Ca2001 and Ca2011) and geographic level (Province and Metropolitan area),

estimates derived from each of the cross-survey methods were compared to the

corresponding Census benchmark estimates.
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Table 3.6

Research question 1-Assessments

Batch: Geographical Category Benchmark
Scenario 1 Ca2001 Provinces 2001 Census
Scenario 2 Ca2001 Metropolitan Areas 2001 Census
Scenario 3 Ca2011 Provinces 2011 NHS
Scenario 4 Ca2011 Metropolitan Areas 2011 NHS

Research Question 2: How do the results of the cross-survey approaches
compare in terms of their accuracy and precision in estimating the proportions of the total
adult Jewish population in the Canadian provinces and metropolitan areas included in the
study?

The purpose of the analyses conducted to answer this question is to assess how
the cross-survey methods compare with each other. To this end, I compare the statistical
indicators calculated for the population estimates generated by the three methods based
on batches Ca2001 and Ca2011. The analyses consist of (a) comparing the MAPE,
MAPLE, and RMSE indicators calculated for each batch with each method; (b)
comparing the coefficients of variation calculated with the different methods; and (c)
examining the confidence and credible intervals of the estimates generated by the three
methods.

Research Question 3: How do the three cross-survey approaches compare in
terms of their stability and precision for estimating the proportions of the total adult
Jewish population in metropolitan areas in the continental US?

Two main analyses were carried out to answer this question. Their purpose was
to further assess the stability and precision of the population estimates generated by each

cross-survey method.
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e A comparison of the population estimates from batch US2011 developed with the
three methods. Estimates, confidence intervals, credible intervals, and coefficient
of variations are compared so as to identify differences in precision among the
approaches.

e A comparison of the target population estimates with data from batches US2011a
and US2011b that were obtained with the three methods. The purpose of these
comparisons is to assess the stability of each cross-survey approach by comparing
the results of the two subsamples.

The systematic review of the findings of the three research questions provides
indications as to the suitable conditions under which the different cross-survey methods
can be used to estimate low-incidence populations. The review also provides information
concerning the advantages and limitations of each method.

Summary
This chapter offered a detailed description of the research design used to examine
the feasibility of applying cross-survey methods to estimate the proportions of low-
incidence religious groups. It included a description of the data, of the application of the
three cross-survey methods to generate estimates, and of the methods used to assess the

generated estimates in order to answer the research questions.
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Chapter 4: Results

The goal of the present study was to assess the feasibility of cross-survey methods
to estimate the proportion of low-incidence populations. This chapter details the results
of the statistical analyses conducted to determine the operational characteristics of the
three cross-survey methods examined in the study. First, it provides a thorough
description of the batches and the results of preliminary analyses. Then it presents the
estimates generated by each of the methods, along with information on the parameters
and processes used to obtain these estimates. Finally, it discusses the results of the
analyses in order to answer each research question.

Batch Description and Preliminary Analyses

This section starts with a detailed description of the data contained in the three
batches used in the study, namely, 2011 US batch (US2011), 2001 Canada batch
(Ca2001), and 2011 Canada batch (Ca2011). Included in the description are weighted
and unweighted population distributions by geographical location and main
demographics, as well as parallel census-based population distributions. Then it offers
the weighted and unweighted distributions of the proportion of the adult Jewish
population in the samples making up the three batches.
Descriptions of the 2001 Canada Batch and 2011 Canada Batch

The Ca2001 and Ca2011 batches contain data from representative national
surveys of the Canadian population. The Ca2001 batch is composed of data from 45
surveys conducted between 1997 and 2004. The total number of respondents across the
surveys is 99,373. The Ca2011 batch comprises data obtained from 68,343 respondents

in 17 surveys conducted between 2006 and 2014. (Appendix Al provides the list of
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surveys included in each batch. Table 4.1.1 presents descriptive information on the size

of the surveys for the two Canadian batches.

Table 4.1.1

Canadian Batches: Sample Size

Batch Number Number of Smallest Largest Mean Median
of Surveys Respondents Sample Sample Sample Sample
Size Size Size Size
Ca2001 45 99,373 436 33,290 2,208 1,730
Ca2011 17 68,343 672 23,794 4,020 1,424

The surveys were conducted by governmental institutions, research centers, and

polling companies. Out of the 45 surveys that form the Ca2001 batch, one was

administered by Statistics Canada, ten by research centers, and 34 by polling

organizations. As for the 17 surveys making up the Ca2011 batch, two were conducted

by Statistics Canada, eight by research institutes or universities, and seven by polling

organizations.

Overall, response to the religious identification question was high in both the

Ca2001 and the Ca2011 batches. Almost 98% of Ca2001 batch respondents and more

than 96% of Ca2011 batch respondents answered a religious identification question.

All surveys in both batches provided a measure of geographical information that

allowed for the identification of respondents by province, largest metropolitan area

(Toronto, Montreal, and Vancouver), or both. Province of residence was included in all

but one of the Ca2001 surveys and in all of the Ca2011 surveys. Identification of the

three largest metropolitan areas was possible for 43 of the Ca2001 surveys and for ten of

the Ca2011 surveys. Table 4.1.2 shows the number of respondents by province and
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metropolitan area for each batch (the table comprises only the metropolitan areas and
provinces included in the analyses).

Table 4.1.2

Number of Surveys and Respondents by Geographical Area Included in the Analyses

Ca2001 Ca2001 Ca2011 Ca2011
Number of Number of Number of Number of

Geographical Area Surveys Respondents Surveys Respondents
Metropolitan Area

Montreal 43 9,537 10 1,638

Toronto 43 12,613 10 1,886

Vancouver 43 6,042 10 876
Province

Quebec 44 16,325 17 13,890

Ontario 44 19,148 17 19,230

Manitoba 44 3,577 17 3,700

British Columbia 44 7,764 17 8,004

The following tables display the census population distribution by gender, age,
and educational attainment, as well as the unweighted and weighted samples that
compose the two Canadian batches. Weighted distributions of the samples that comprise
the two Canadian batches were calculated using survey-specific weights provided by the
original researchers. Compared to the general population measured by the census, the
sampled population is slightly older and more educated. The distribution of the 2001
batch better resembles the distribution of the Canadian population as estimated by the
corresponding census. Table 4.1.3 presents the unweighted and weighted demographic
distribution of the samples included in the Ca2001 batch compared with the demographic
distribution of the Canadian adult population based on the 2001 census. Table 4.1.4,

displays the samples included in the Ca2011 batch compared with 2011 NHS data.
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Table 4.1.3

Demographic Distribution Based on the 2001 Census and the Ca2001 Batch

2001 Census  Ca2001 Unweighted Ca2001 Weighted

Distribution Distribution

Gender

Male 0.48 0.47 0.48

Female 0.52 0.53 0.52
Education

No Certificate 0.31 0.20 0.21

High School Certificate 0.21 0.22 0.22

Trade/College Certificate 0.31 0.33 0.33

University Certificate 0.13 0.19 0.18

Post-College Certificate 0.04 0.07 0.07
Age

25-34 years 0.20 0.21 0.20

35-44 years 0.25 0.26 0.30

45-54 years 0.22 0.22 0.20

55-64 years 0.14 0.15 0.10

65+ years 0.18 0.17 0.20

Table 4.1.4

Demographic Distribution Based on the 2011 NHS and the Ca2011 Batch

2011 NHS Ca2011 Unweighted Ca2011 Weighted

Distribution Distribution

Gender

Male 0.48 0.45 0.45

Female 0.52 0.55 0.55
Education

No Certificate 0.17 0.14 0.21

High School Certificate 0.23 0.24 0.22

Trade/College Certificate 0.36 0.32 0.33

University Certificate 0.17 0.20 0.18

Post-College Certificate 0.06 0.10 0.07
Age

25-34 years 0.20 0.13 0.17

35-44 years 0.25 0.18 0.18

45-54 years 0.22 0.21 0.22

55-64 years 0.14 0.22 0.23

65+ years 0.18 0.26 0.22
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Description of the US2011 Batch Samples

The US2011 batch includes data from 139 representative national surveys of the
continental U.S. adult population that were conducted between 2008 and 2014. The total
number of respondents is 215,122. Appendix A2 provides the list of surveys making up
this batch. The batch was divided randomly (stratifying by sponsor and sample size) into
two sub-batches. The first sub-batch, US2001a, comprises 69 samples with a sample size
of 103,831. The second sub-batch, US2001b, is composed of 70 samples with a total
sample size of 111,291. Table 4.1.5 presents descriptive information for the entire batch
as well as for the two sub-batches.
Table 4.1.5

US Batches: Sample Size

Number of  Number of Smallest Largest Mean Median
Surveys  Respondents Sample Sample Sample Sample
Size Size Size Size
US2011a 69 103,831 596 4,966 1,505 1,475
US2011b 70 111,291 476 4,953 1,590 1,482
US2011 139 215,122 476 4,966 1,548 1,475

These surveys were administered by governmental institutions, research centers,
and poll companies. Three of them are part of the American National Election Study
(ANES) series, two are part of the General Social Surveys (GSS) series, 16 were
conducted by ABC News / The Washington Post, eight were part of the CBS monthly
polls, and the rest were administered by the Pew Research Center. Overall, there was a
high response rate for the religious identification question — over 96% for all the surveys
included in the batch.

All surveys were drawn from a pool gathered by researchers at the SSRI institute.

The SSRI dataset comprises surveys identified in major data repositories such as ICPSR



and the American Religion Data Archive (ARDA), as well as in poll archives at the
Roper Center, Gallup, and Pew Research Center (Tighe et al., 2012; Tighe et al., 2013).
Although it contains more than 400 surveys conducted between 2008 and 2014, only
those that provided both survey-specific weights and a measure of geographical
information that allowed the identification of respondents by metropolitan area were
selected. Table 4.1.6 shows the number of respondents included in the analyses by
metropolitan area for each of the two US2011 sub-batches (only the 20 metropolitan
areas considered in the current analyses were included).

Table 4.1.6

Number of Surveys and Respondents by Metropolitan Area Included in the Analyses

US2011a US2011a US2011b US2011b

Number of Number of Number of Number of

Surveys Respondents Surveys Respondents
metrol 69 5,054 70 5,581
metro2 69 2,737 70 3,306
metro3 69 2,215 70 2,474
metro4 69 1,514 70 1,721
metro5 69 1,385 70 1,465
metro6 69 1,935 70 2,216
metro7 69 1,782 70 1,833
metro8 69 1,195 70 1,525
metro9 69 1,569 70 1,718
metrol10 69 1,212 70 1,272
metroll 69 1,024 70 1,296
metrol2 69 1,194 70 1,342
metrol3 69 1,009 70 1,173
metrol4 69 1,256 70 1,284
metrol5 69 1,030 70 1,073
metrol6 69 1,250 70 1,329
metrol7 69 747 70 935
metrol8 69 857 70 1,006
metrol9 69 1,097 70 1,063

metro20 69 800 70 847




The unweighted demographic distribution of respondents differs from the
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demographic distribution of the U.S. population as estimated by the 2015 U.S. Census.

Compared to the U.S. adult population, US2011 survey respondents are older and more

educated. Table 4.1.7 displays the percentage of respondents in certain demographic

categories across all surveys compared to the 2014 census.

Table 4.1.7

Demographic Distribution Based on the 2015 Census and the US2011 Batch

2015 Census

US2011 Unweighted

US2011 Weighted

Distribution Distribution

Gender

Male 0.49 0.47 0.47

Female 0.51 0.53 0.53
Education

Non-College 0.75 0.62 0.62

College Grad 0.25 0.38 0.38
Age

18-24 years 0.13 0.09 0.08

25-34 years 0.18 0.12 0.12

35-44 years 0.17 0.14 0.14

45-54 years 0.18 0.19 0.19

55-64 years 0.16 0.21 0.21

65+ years 0.19 0.26 0.26
Race

Non-Hispanic White 0.65 0.75 0.75

Non-Hispanic Black 0.12 0.11 0.11

Hispanic 0.15 0.08 0.08

Other 0.07 0.06 0.06

Estimates of the Proportion of the Jewish Population by Survey — Canadian Batches

In this section, I present the ranges of the estimates of the proportions of the adult

Jewish population found in the surveys forming the two Canadian batches. Estimates of

the weighted proportions of the adult Jewish population were calculated for each survey

independently using survey-specific weights provided by the original researchers.
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The weighted estimates of the proportions of the total adult Jewish population in
the surveys that comprise the Ca2001 batch ranged from .3% to 2.1% (the unweighted
estimates, from .23% to 1.78%). The distribution of weighted estimates of the Jewish
population across the Ca2011 batch surveys ranged from .27% to 1.98% (unweighted
estimates vary between .24% and 1.78%). Estimates did not vary by the year the survey
was conducted. Correlation between Ca2001 estimates (both weighted and unweighted
estimates) of the adult Jewish population and the year the survey was conducted was
lower than .28 for Ca2001 and lower than .14 for Ca2011. The differences between
weighted and unweighted estimates also changes across surveys. Figures 4.1.1 and 4.1.2
display the weighted and unweighted distributions of the adult Jewish population for each
of the surveys comprising the Ca2001 and Ca2011 batches. Data are organized based on

weighted estimates.

* Unweighted estimates = Weighted estimates
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Figure 4.1.1. Weighted and unweighted distributions of the adult Jewish population for

each of the surveys comprising the Ca2001 batch.
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+ Unweighted estimates = Weighted estimates
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Figure 4.1.2. Weighted and unweighted distributions of the adult Jewish
population for each of the surveys comprising the Ca2011 batch.

As expected, province and metropolitan area level estimates vary from survey to
survey. For example, weighted estimates of the adult Jewish population in the
metropolitan area of Montreal measured by the surveys included in the Ca2001 batch

range from .3% to 5.9%.

Estimates of the Proportion of the Jewish Population by Survey — U.S. Batch

This section provides the ranges of the estimates of the proportions of the adult
Jewish population found in the surveys comprising the US2011 batch. Estimates of the
weighted proportion of this population were calculated for each survey independently
using survey specific weights supplied by the original researchers.

The estimates of the Jewish population in the largest metropolitan areas measured
with data from these surveys are diverse. They range from 1.01 % to 8.4% for the total
sample (unweighted estimates range from 1.7% to 8.4%). Figures 4.1.3 and 4.1.4 present

the weighted and unweighted distributions of the adult Jewish population for each of the



surveys in the US2011a and US2011b batches. Information is organized by weighted

estimates. The horizontal axis displays the year each survey was conducted.
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Figure 4.1.3. Weighted and unweighted distributions of the adult Jewish

population for each of the surveys comprising the US2011a batch.
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Figure 4.1.4. Weighted and unweighted distributions of the adult Jewish

population for each of the surveys comprising the US2011b batch.

different surveys also vary. For example, weighted estimates of the adult Jewish
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As was expected, metropolitan area level estimates measured with data from the
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population in the metropolitan area of Los Angeles-Long Beach-Anaheim, CA measured
with data from the surveys making up the US2011 batch range from .3% to 5.9%.
Estimates of the Adult Jewish Population in Canada Generated with Cross-
Survey Methods
This section describes the process whereby adult Jewish population estimates
were generated with each cross-survey method. Seven different estimates were
calculated for each batch:
e 0, estimates of the proportion of the adult Jewish population for the
Montreal Metropolitan Area;
e B, estimates of the proportion of the adult Jewish population for the
Toronto Metropolitan Area;
e B, estimates of the proportion of the adult Jewish population for the
Vancouver Metropolitan Area;
e 0, estimates of the proportion of the adult Jewish population for the
Canadian province of Ontario;
o 95 estimates of the proportion of the adult Jewish population for the
Canadian province of Quebec;
e By estimates of the proportion of the adult Jewish population for the
Canadian province of Manitoba; and
e 05 estimates of the proportion of the adult Jewish for the Canadian
province of British Columbia.
All surveys, except for three that were conducted by Statistics Canada, have a

total weight that resembles the sample size. Statistics Canada surveys are weighted to the
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total population. Prior to this analysis, I created a new weight for each of the three
surveys that sums to the sample size. The new weight (nwr) for each respondent i in
survey j was calculated as follows:

nwt;=wt;*n;/ sum(wt)

where nwt;; is the new calculated weight for respondent i in survey j, wt;; is the
original weight of respondent i in survey j, #; is the sample size of survey j, and sum (wt)
is the sum of the weight of survey j respondents.
Estimates Generated with Method 1 — Meta-Analysis of Complex Surveys (MACS)

The first cross-survey method reviewed in this study generates population
estimates by combining individual survey estimates. The estimates obtained represent
the weighted average of the estimates across all survey samples. As previously noted,
weights are used to take into consideration the unique characteristics of each survey.

This process involves three main steps. The first step consists of generating
individual estimates of the adult Jewish population by geographical area for each survey j
using the final survey weights provided by the researchers. In addition, related

population variances, v (9} ), and design effects, deff), are also calculated for individual

surveys.
In the second step survey level weight variables (wj) are calculated for each
survey. These variables are calculated separately for each of the seven population
estimates generated for each survey. As was indicated earlier, survey level weight
variables are calculated as a function of the variance estimates and the design effect of
the survey. For example, the weight variable for survey j that was used to combine the

estimates of the Jewish population in Toronto was calculated as.
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wTj=1/V(0AT]) /deff;

where v(GAT]) is the variance of the estimate of the Jewish population in the
Toronto metropolitan area measured with survey j data only.

Table 4.2a.1 displays an example of the variables that are calculated to estimate
the adult Jewish population in Toronto for the Ca2001 batch. (Appendix B provides this
information for all the geographical areas included in the Canadian batches.)

Table 4.2a.1

Survey Level Variables Calculated with the MACS Method to Estimate the Adult Jewish

Population in Toronto

Proportion
Survey ID  SamPle y Cih Adult Var  SE 93% 9% pEpp ey
Size . LCI UCI
Population

12440402 6426 0.031  0.0002 0.002 0.027 0.036 1.00 7.66
12450103 156 0.013  0.0065 0.009 0.003 0.051 1.94 70.28
12451003 151 0.019  0.0062 0.011 0.006 0.057 1.81 57.34
12454100 151 0.019  0.0064 0.011 0.006 0.059 1.83 57.33
12454101 164 0.037  0.0059 0.015 0.017 0.080 1.80 40.23
12454198 152 0.059  0.0062 0.019 0.031 0.110 1.45 32.34
12454199 149 0.062  0.0066 0.020 0.032 0.116 1.88 32.57
12454200 156 0.006  0.0064 0.006 0.001 0.044 1.83 99.70
12454201 154 0.044 0.0061 0.016 0.021 0.090 1.74 37.01
12454298 153 0.059  0.0062 0.019 0.031 0.109 1.46 32.35
12454299 152 0.032  0.0063 0.014 0.013 0.075 1.75 44.58
12454300 157 0.027  0.0087 0.015 0.009 0.080 1.73 57.18
12454301 154 0.019  0.0063 0.011 0.006 0.058 1.77 57.42
12454398 155 0.032  0.0062 0.014 0.013 0.075 1.45 44.01
12454399 147 0.012  0.0060 0.009 0.003 0.047 1.67 70.37
12454400 148 0.019  0.0063 0.011 0.006 0.058 1.80 57.30
12454401 149 0.066  0.0063 0.020 0.036 0.119 1.79 30.82
12454498 161 0.050  0.0059 0.017 0.025 0.096 1.40 34.48
12454499 178 0.008  0.0040 0.006 0.002 0.031 1.14 70.61
12470300 244 0.025  0.0040 0.010 0.011 0.054 1.77 40.42

124910504 393 0.000 0.00

124911000 289 0.032  0.0038 0.011 0.016 0.062 1.48 34.26

124930100 114 0.004  0.0043 0.004 0.001 0.030 0.53  100.21

124930200 116 0.010  0.0052 0.007 0.002 0.040 0.56 71.36
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Survey Level Variables Calculated with the MACS Method to Estimate the Adult Jewish

Population in Toronto- Continuation

Proportion
Survey ID  Sample gy Cih Adult Var  SE 93% 9% prpp ey
Size . LCI UCI
Population
12440402 6426 0.031  0.0002 0.002 0.027 0.036 1.00 7.66
12450103 156 0.013  0.0065 0.009 0.003 0.051 1.94 70.28
12451003 151 0.019  0.0062 0.011 0.006 0.057 1.81 57.34
12454100 151 0.019  0.0064 0.011 0.006 0.059 1.83 57.33
12454101 164 0.037  0.0059 0.015 0.017 0.080 1.80 40.23
12454198 152 0.059  0.0062 0.019 0.031 0.110 1.45 32.34
12454199 149 0.062  0.0066 0.020 0.032 0.116 1.88 32.57
12454200 156 0.006  0.0064 0.006 0.001 0.044 1.83 99.70
12454201 154 0.044 0.0061 0.016 0.021 0.090 1.74 37.01
12454298 153 0.059  0.0062 0.019 0.031 0.109 1.46 32.35
12454299 152 0.032  0.0063 0.014 0.013 0.075 1.75 44.58
12454300 157 0.027  0.0087 0.015 0.009 0.080 1.73 57.18
12454301 154 0.019  0.0063 0.011 0.006 0.058 1.77 57.42
12454398 155 0.032  0.0062 0.014 0.013 0.075 1.45 44.01
12454399 147 0.012  0.0060 0.009 0.003 0.047 1.67 70.37
12454400 148 0.019  0.0063 0.011 0.006 0.058 1.80 57.30
12454401 149 0.066  0.0063 0.020 0.036 0.119 1.79 30.82
12454498 161 0.050  0.0059 0.017 0.025 0.096 1.40 34.48
12454499 178 0.008  0.0040 0.006 0.002 0.031 1.14 70.61
12470300 244 0.025  0.0040 0.010 0.011 0.054 1.77 40.42
124910504 393 0.000 0.00
124911000 289 0.032  0.0038 0.011 0.016 0.062 1.48 34.26
124930100 114 0.004  0.0043 0.004 0.001 0.030 0.53  100.21
124930200 116 0.010 0.0052 0.007 0.002 0.040 0.56 71.36
124930300 114 0.019 0.0075 0.012 0.006 0.064 0.91 62.71
124930400 119 0.019  0.0093 0.013 0.005 0.072 1.18 70.71
124930499 126 0.009  0.0093 0.009 0.001 0.064 1.23 99.60
124930500 108 0.037  0.0096 0.019 0.013 0.098 0.99 51.08
124930599 118 0.015  0.0092 0.012 0.003 0.068 1.18 77.88
124930600 126 0.028  0.0066 0.014 0.011 0.072 0.87 48.45
124930700 107 0.006  0.0056 0.006 0.001 0.039 0.62 100.10
124930799 116 0.045  0.0094 0.020 0.018 0.107 1.17 45.78
124930800 111 0.016  0.0070 0.011 0.004 0.057 0.79 66.37
124930899 112 0.015 0.0049 0.008 0.005 0.045 0.58 58.07
124930900 108 0.026  0.0087 0.015 0.008 0.079 1.09 57.31
124931000 115 0.023  0.0074 0.013 0.007 0.068 0.88 57.26
124931099 108 0.035 0.0114 0.020 0.011 0.104 1.31 56.68
124931100 114 0.036 0.0122 0.021 0.011 0.109 1.48 58.42
124931199 116 0.018  0.0090 0.013 0.004 0.070 1.12 70.41
124931200 117 0.044 0.0100 0.021 0.017 0.110 1.25 47.57
124950702 70 0.038 0.0123 0.022 0.012 0.112 0.90 56.88
124970197 243 0.038  0.0054 0.014 0.018 0.078 1.99 37.66
124990300 96 0.000 0.00
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Not all surveys included Jewish respondents for all geographical areas. For this
reason, the survey level weight (w) for the surveys in the areas with no Jewish
respondents cannot be defined. The calculation of population estimates for these areas
might hence be inflated. Since a review of the literature did not provide any guidance for
this type of situation, I did the calculations using a slightly alternative method (alt-meth).
The alternative calculation consisted in replacing the values of the variance and design
effects for the survey-geographical area with no Jewish population with the variance and
design effects of the survey-geographical area with the non-zero smallest Jewish
population estimate.

Tables 4.2a.2 and 4.2a.3 present the estimated proportions of the adult Jewish
population by geographical area calculated for the two Canadian batches with both the
original and the alternative methods (zero population estimates replaced). The tables
include the proportions of surveys with no adult Jewish respondents for the different
geographical areas.

Table 4.2a.2

Ca2001 Estimates of the Adult Jewish Population Calculated with the Two Variations of
MACS

2001 2001 MACS Proportion of Surveys with no

Geographical Area MACS (alt-meth)*? Jewish Respondents
Metropolitan Area

Montreal 0.017 0.010 0.18

Toronto 0.027 0.026 0.05

Vancouver 0.011 0.005 0.34
Province

Quebec 0.008 0.005 0.19

Ontario 0.012 0.011 0.02

Manitoba 0.019 0.011 0.51

British Columbia 0.009 0.007 0.30

Note: 2refers to the alternative mode used to calculate MACS estimates.
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Table 4.2a.3

Ca2011 Estimates of the Adult Jewish Population Calculated with the Two Variations of
MACS

2011 2011 MACS Proportion of Surveys with no

Geographical Area MACS (alt-meth)? Jewish Respondents
Metropolitan Area

Montreal 0.017 0.015 0.10

Toronto 0.024 0.024 0.00

Vancouver 0.024 0.021 0.60
Province

Quebec 0.008 0.008 0.24

Ontario 0.016 0.016 0.00

Manitoba 0.009 0.006 0.41

British Columbia 0.008 0.007 0.35

Note: ?refers to the alternative mode used to calculate MACS estimates.

As expected, the estimates calculated with the alternative method, generated
lower estimates. The differences between the estimates obtained in the two ways is more
pronounced for less populated areas with small-incidence Jewish populations. It is worth
noting the large proportion of surveys with no adult Jewish respondents in Vancouver in
the Ca2011 batch (60% compared to 34% in Ca2001). The results provided in the next
sections correspond to estimates calculated with the alternative method — replacement of
values for survey-geographical areas with zero population.

Estimates were obtained by means of the STATA statistical software. Appendix
C provides additional information related to the software and syntaxes used to generate

these estimates.

Estimates Generated with Method 2 - Pooled Design-Based Cross-Survey (PDCS)
The second cross-survey method reviewed in this study generates population

estimates from a pooled sample comprising individual respondents from the different
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surveys contained in a batch. Each record in the pooled sample is assigned a revised
weight, which is a function of the weight of record i in survey j (w;) and a survey
coefficient k;:

wij = wij * kj

where £j is defined as a function of the survey’s sample size and coefficient of

variation (CV):

(v +1)/n
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The first step to obtain population estimates is to calculate these survey level
coefficients (k;). Seven coefficients were calculated for each survey, one for each of the
seven population estimates (estimates for the three largest metro areas and for the four
provinces with the largest proportions of adult Jewish population).

In the second step, the records of the individual surveys that compose each batch
are assigned the new weight. In the third step estimates are generated for both pooled
samples (one for each batch) using the new assigned weights.

As noted before, some surveys had no Jewish respondents in certain geographical
areas. For this reason, the coefficient of variation (CV) cannot be defined for these areas
in those surveys. As was the case with MACS, I found no possible solutions for this
problem in the literature. Therefore, I calculated the estimates in two different ways.
The first (mn1- miss) consists of setting the coefficient k for the given survey and
geographical area as missing. The second (mn2-avg) involves replacing the coefficient
of variation with the value of the averaged coefficient k for the given geographical area

across surveys with valid CVs. Tables 4.2b.1 and 4.2b.2 show the estimates generated
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with both methods side by side, as well as the proportion of surveys for each

geographical area that did not include Jewish respondents. Table 4.2b.1 displays the

results for the Ca2001 batch, and Table 4.2b.2 for the Ca2011 batch.

Table 4.2b.1

Ca2001 Estimates of the Adult Jewish Population Generated with the Two Variations of

PDCS
2001 PDCS 2001 PDCS Proportion of Surveys with no
Geographical Area (mn1-miss) (mn2-avg) Jewish Respondents
Metropolitan Area
Montreal 0.020 0.018 0.18
Toronto 0.030 0.029 0.05
Vancouver 0.012 0.010 0.34
Province
Quebec 0.009 0.008 0.19
Ontario 0.016 0.015 0.02
Manitoba 0.017 0.015 0.51
British Columbia 0.010 0.008 0.30
Table 4.2b.2

Ca2011 Estimates of the Adult Jewish Population Generated with the Two Variants of

PDCS
2011 PDCS 2011 PDCS Proportion of Surveys with no
Geographical Area (mn1-miss) (mn2-avg) Jewish Respondents
Metropolitan Area
Montreal 0.019 0.018 0.10
Toronto 0.030 0.030 0.00
Vancouver 0.025 0.010 0.60
Province
Quebec 0.008 0.008 0.24
Ontario 0.015 0.016 0.00
Manitoba 0.015 0.009 0.41
British Columbia 0.008 0.007 0.35

As can be expected, the first method results in higher estimates for the

geographical areas, as estimates of 0 for the adult Jewish population are not included in



the analyses. Analyses presented later are based on estimates calculated in the second
manner.

STATA was also used to generate estimates with the pooled design-based
approach. Appendix C provides additional information regarding the software and

syntaxes used to obtain these estimates.

Estimates Generated with Method 3 - Bayesian Multilevel Regression with Post-
Stratification (BMRP)

The third cross-survey method reviewed in this study generates population
estimates by combining data through a model-based approach. Two main steps were
followed. In the first step Bayesian multilevel logistic regression models were built to
model the probability that an individual survey respondent is Jewish as a function of

demographic and geographical predictors. In the second step estimates for each

demographic-geographical response were post-stratified by the percentages of each actual

demographic-geographical combination (Kastellec, Lax, & Phillips, 2010).
For this study, I built four separate models: a metropolitan-area-based model and

a province-based model for each Canadian batch. Basic demographic variables (age,

educational attainment, gender, and income) associated with the distribution of the

Jewish population in Canada were tested to build the different models. Age was

represented as five categories: 25-34, 35-44, 45-54, 55-64 and over 65; education, as five

categories: no certificate, high school certificate, trade/college certificate, university

certificate and post-college certificate; and income, as three categories: under $60,000,
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$60,000 to $80,000 and over $80,000. Appendix C provides additional information
concerning the software and syntaxes used to generate the estimates.

The first one, Mod2001met, estimates the probability of being Jewish in the
largest Canadian metropolitan areas (Montreal, Toronto, Vancouver) using data from the
Ca2001 batch. Data from 43 surveys were used to build this model. Included in the
model were the individual predictors of age, education, age by education interaction,
metropolitan area (Montreal, Toronto, Vancouver, other), and metropolitan area by
education interaction, as well as a survey-level identification.

The second one, Mod2001prv, estimates the probability of being Jewish in the
four provinces with the largest proportions of adult Jewish population using data from the
Ca2001 batch. Data from 44 surveys were used to build this model. Included in the
model were the individual predictors age, education, age by education interaction,
income, and province (Quebec, Ontario, Manitoba, British Columbia), as well as a
survey-level identification.

The third one, Mod201 I met, estimates the probability of being Jewish in the
largest Canadian metropolitan areas with data from the Ca2011 batch. Data from ten
surveys were used to build this model. Included in the model were the individual
predictors of age, education, age by education interaction, metropolitan area, and
metropolitan area by education interaction as well as a survey-level identification.

The fourth one, Mod201 Iprv, estimates the probability of being Jewish in the four
provinces with the largest proportions of the adult Jewish population with data from the
Ca2011 batch. Data from 17 surveys were used to build this model. Included in the

model were the individual predictors: age, education, age by education interaction,



85

income, and province (Quebec, Toronto, Manitoba, British Columbia) as well as a
survey-level identification.

In the second step I generated estimates for each of the seven geographical areas
using the data from the models built in the first step and census population counts. As
described in the methodological section, these counts were obtained from the publicly
available 2001 Census of Population Public Use Microdata File and 2011 National
Household Public Use Microdata File distributed by Statistics Canada (Statistics Canada,
2001; Statistics Canada, 2011).

Table 4.2c.1 and 4.2¢.2 present the estimates calculated for the seven
geographical areas. Table 4.2¢.1 shows the estimates generated with data from the
Ca2001 batch using Mod2001met and Mod2001pv, and Table 4.2c.2 shows the estimates
produced with data from the CA2011 batch using Mod201 Imet and Mod2011pv.

Table 4.2¢c.1

Ca2001 Estimates of the Adult Jewish Population Calculated with BMRP

Ca2001

Geographical Area BMRP
Metropolitan Area

Montreal 0.027

Toronto 0.036

Vancouver 0.011
Province

Quebec 0.007

Ontario 0.015

Manitoba 0.015

British Columbia 0.009
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Table 4.2¢.2

Ca2011 Estimates of the Adult Jewish Population Calculated with BMRP

Metropolitan Area

Montreal 0.014
Toronto 0.026
Vancouver 0.006
Province
Quebec 0.006
Ontario 0.012
Manitoba 0.011
British Columbia 0.012

Ca2001 estimates are higher than Ca2011 estimates for all geographical areas
except for British Columbia. As discussed below, in addition to the actual lower
proportion of Jewish population in 2011, lower estimates could be a result of the smaller
sample sizes included in the Ca2011 analyses.

I relied on R language, along with STAN and LME packages, to build the models

and generate the estimates.

Estimates of the Adult Jewish Population in the US Generated with the
Three Cross-Survey Methods
This section describes the process whereby adult Jewish population estimates
were generated for the 20 metropolitan areas with the three cross-survey methods based
on data from the US2011a and US2011b sub-batches. Each method is discussed
separately. Twenty different estimates were obtained for each sub-batch using each
method. For the sake of simplicity, I assigned a sequential number to the 20 metropolitan

areas included in this study. For example, metrol refers to the New-York-Newark-Jersey



City, NY-NJ-PA metropolitan area (CBSA 35620). Table 4.3.1 shows the 20

metropolitan areas.

Table 4.3.1

U.S. Metropolitan Areas Included in the Study

Number CBSA

Name

metrol
metro2
metro3
metro4
metro5
metro6
metro7
metro8
metro9
metrol0
metrol1
metrol2
metrol3
metrol4
metrol5
metrol6
metrol7
metrol8
metrol9
metro20

35620
31080
16980
19100
26420
47900
37980
33100
12060
14460
41860
38060
40140
19820
42660
33460
41740
45300
41180
19740

New York-Newark-Jersey City, NY-NJ-PA

Los Angeles-Long Beach-Anaheim, CA
Chicago-Naperville-Elgin, IL-IN-WI

Dallas-Fort Worth-Arlington, TX

Houston-The Woodlands-Sugar Land, TX
Washington-Arlington-Alexandria, DC-VA-MD-WV
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD
Miami-Fort Lauderdale-West Palm Beach, FL
Atlanta-Sandy Springs-Roswell, GA
Boston-Cambridge-Newton, MA-NH

San Francisco-Oakland-Hayward, CA
Phoenix-Mesa-Scottsdale, AZ

Riverside-San Bernardino-Ontario, CA
Detroit-Warren-Dearborn, MI
Seattle-Tacoma-Bellevue, WA

Minneapolis-St. Paul-Bloomington, MN-WI

San Diego-Carlsbad, CA

Tampa-St. Petersburg-Clearwater, FL

St. Louis, MO-IL

Denver-Aurora-Lakewood, CO
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Estimates generated using Method 1 - Meta-Analysis of Complex Surveys (MACS)

As previously noted, the MACS cross-survey method generates population

estimates by combining individual survey estimates. The process involves three steps. In

the first step estimates of the adult Jewish population in each metropolitan area are
generated individually for each survey j using the final survey weights provided by the
researchers. In the second, survey level weight variables (wj) are calculated separately

for the 20 metropolitan areas within each survey. These variables are calculated as a

function of the variance estimates and the design effect of the survey.



88

Table 4.3a.1 displays an example of the variables that were calculated to estimate

the adult Jewish population in metropolitan area metro2 — Los Angeles-Long Beach-

Anaheim, CA. (The table includes results from ten surveys in the US2001a sub-batch.)

Table 4.3a.

1

Survey Level Variables Calculated with the MACS Method to Estimate the Adult Jewish

Population in metro2 — Los Angeles-Long Beach-Anaheim, CA

Proportion . . Weighted
Survey Id g?zrzple fxﬁh Var SE isc? %SC/I" DEFF CV ngple
Population e
192508 2 35.000 0.0405 0.020 0.029 0.010 0.15 1.00 71.0
194108 2 34.000 0.1258 0.026 0.057 0.050 0.28 1.15 45.0
194208 2 31.000 0.0227 0.023 0.023 0.003 0.15 0.92 100.5
194408 2 26.000 0.0521 0.026 0.037 0.012 0.19 0.70 70.8
1218121 2 80.000 0.0637 0.020 0.036 0.020 0.18 1.34 56.4
1218122 2 163.000 0.0103 0.005 0.007 0.003 0.04 0.71 67.0
1255081 2 90.000 0.0092 0.005 0.007 0.002 0.04 0.53 71.3
1255101 2 61.000 0.0421 0.009 0.020 0.016 0.10 0.79 47.2
1255121 2 93.000 0.0103 0.005 0.007 0.003 0.04 0.61 71.1
1375081 2 80.000 0.0372 0.025 0.031 0.007 0.17 2.69 82.7

In the last step, population estimates are generated separately for each of the 20

metropolitan areas in each US2011 sub-batch. These estimates are calculated as a

weighted average of the estimates of individual survey j:

k
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Tables 4.3a.2 and 4.3a.3 display the estimated proportions of the adult Jewish

population by metropolitan area for the two US2011 sub-batches calculated with both the

original and the alternative methods (zero population estimates replaced).
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Table 4.3a.2

US201 1a Estimates of the Adult Jewish Population Calculated with the Two Variations of
MACS

US2011a US2011a MACS

Metropolitan Area MACS (alt-meth)

metrol 0.063 0.063
metro2 0.028 0.012
metro3 0.029 0.017
metro4 0.022 0.012
metro5 0.025 0.009
metro6 0.036 0.019
metro7 0.032 0.020
metro8 0.051 0.023
metro9 0.027 0.009
metrol0 0.040 0.011
metrol1 0.035 0.016
metrol2 0.038 0.019
metrol3 0.029 0.012
metrol4 0.020 0.009
metrol5 0.033 0.019
metrol6 0.037 0.017
metrol7 0.034 0.020
metrol8 0.039 0.012
metrol9 0.046 0.030

metro20 0.044 0.019
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Table 4.3a.3

US2011b Estimates of the Adult Jewish Population Calculated with the Two Variations of
MACS

Metropolitan Area US2011b US2011b MACS
MACS (alt-meth)

metrol 0.074 0.072
metro2 0.027 0.020
metro3 0.018 0.005
metro4 0.025 0.010
metro5 0.018 0.009
metro6 0.044 0.021
metro7 0.033 0.012
metro8 0.081 0.069
metro9 0.009 0.002
metrol0 0.046 0.023
metrol1 0.045 0.021
metrol2 0.035 0.013
metrol3 0.021 0.010
metrol4 0.021 0.005
metrol5 0.036 0.017
metrol6 0.028 0.016
metrol7 0.018 0.008
metrol8 0.015 0.004
metrol9 0.026 0.007
metro20 0.041 0.022

Estimates Generated using Method 2 - Pooled Design-Based Cross-Survey

As noted earlier, the PDCS method generates population estimates of a pooled
sample composed of the individual respondents of the different surveys forming a batch.
Each record in the pooled sample is assigned a revised weight, which is a function of the
weight of record i in survey j (w;), and a survey coefficient k;:

wij = wij * kj

where £j is defined as a function of the survey’s sample size and coefficient of

variation (CV):
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Tables 4.3b.1 and 4.3b.2 show the estimates generated with this method for each
metropolitan area. Table 4.3b.1 sets forth the results for the US2011a sub-batch, and
Table 4.3b.2, for the US2011b sub-batch.

Table 4.3b.1

US201 1a Estimates of the Adult Jewish Population Generated with the Two Variations of
PDCS

Metropolitan US2011a US2011a PDCS

Area PDCS (alt-avg)

metrol 0.0780 0.0780
metro2 0.0456 0.0405
metro3 0.0404 0.0317
metro4 0.0341 0.0073
metroS 0.0428 0.0098
metro6 0.0546 0.0397
metro7 0.0502 0.0394
metro8 0.0865 0.0777
metro9 0.0401 0.0156
metrol0 0.0645 0.0342
metroll 0.0643 0.0398
metrol2 0.0478 0.0144
metrol3 0.0436 0.0120
metrol4 0.0357 0.0097
metrol5 0.0557 0.0153
metrol6 0.0408 0.0118
metrol7 0.0548 0.0205
metrol8 0.0685 0.0264
metrol9 0.0813 0.0183

metro20 0.0727 0.0267
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Table 4.3b.2

US2011b Estimates of the Adult Jewish Population Generated with the Two Variations of
PDCS

Metropolitan US2011b US2011b PDCS

Area PDCS (alt-avg)

metrol 0.0915 0.0909
metro2 0.0391 0.0342
metro3 0.0364 0.0262
metro4 0.0460 0.0105
metro5 0.0262 0.0063
metro6 0.0574 0.0398
metro7 0.0534 0.0361
metro8 0.1073 0.0997
metro9 0.0414 0.0158
metrol0 0.0680 0.0485
metrol1 0.0799 0.0438
metrol2 0.0387 0.0158
metrol3 0.0404 0.0059
metrol4 0.0337 0.0112
metrol5 0.0484 0.0137
metrol6 0.0290 0.0109
metrol7 0.0493 0.0142
metrol8 0.0401 0.0187
metrol9 0.0658 0.0161
metro20 0.0570 0.0145

Estimates Generated using Method 3 - Bayesian Multilevel Regression with Post-
Stratification

The BMRP cross-survey method generates population estimates by combining
data through a model-based approach. As described earlier, estimates are produced in
two steps. In the first step, Bayesian multilevel logistic regression models are built to
model the probability that an individual survey responder will be Jewish as a function of

demographic and geographical predictors. In the second step, estimates for each
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demographic-geographical response are post-stratified by the percentages of each actual

demographic-geographical combination (Kastellec, Lax & Phillips, 2010).

Estimates for the two US2011 sub-batches are generated separately but with the
same model. In other words, the variables included in the models used to obtain the
US2011a and US2011b estimates are the same. In the second step, estimates were
calculated for the 20 metropolitan areas in each sub-batch with demographic data from

the 2014 census. Table 4.3c.1 presents the estimates generated with data from the

US2011a sub-batch for the 20 metropolitan areas, and Table 4.3c.2 presents the estimates

obtained with data from the US2011b sub-batch for the 20 metropolitan areas.

Table 4.3c.1

US201 la Estimates of the Jewish Population Generated with BMRP

US2011a BMRP

Metropolitan Area Estimate 95% LCI 95% UCI

metrol 0.0643 0.0579 0.0709
metro2 0.0301 0.0254 0.0353
metro3 0.0286 0.0234 0.0344
metro4 0.0065 0.0045 0.0088
metro5 0.0063 0.0044 0.0089
metro6 0.0286 0.0238 0.0344
metro7 0.0337 0.0280 0.0403
metro8 0.0645 0.0545 0.0755
metro9 0.0095 0.0069 0.0128
metrol0 0.0325 0.0246 0.0414
metrol1 0.0283 0.0215 0.0359
metrol2 0.0132 0.0096 0.0175
metrol3 0.0074 0.0050 0.0105
metrol4 0.0095 0.0067 0.0129
metrol5 0.0105 0.0072 0.0145
metrol6 0.0110 0.0078 0.0148
metrol7 0.0165 0.0118 0.0224
metrol8 0.0163 0.0116 0.0222
metro19 0.0102 0.0071 0.0141
metro20 0.0196 0.0138 0.0261
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Table 4.3¢.2

US2011b Estimates of the Jewish Population Generated with BMRP

US2011b BMRP

Metropolitan Area BMRP 95% LCI 95% UCI

metrol 0.0770 0.0700 0.0842
metro2 0.0293 0.0251 0.0341
metro3 0.0270 0.0221 0.0327
metro4 0.0077 0.0053 0.0104
metroS 0.0062 0.0043 0.0087
metro6 0.0316 0.0265 0.0379
metro7 0.0369 0.0303 0.0436
metro8 0.0860 0.0743 0.0976
metro9 0.0099 0.0071 0.0132
metro10 0.0566 0.0456 0.0685
metrol 1 0.0283 0.0221 0.0350
metro12 0.0161 0.0117 0.0208
metrol3 0.0061 0.0042 0.0085
metro14 0.0109 0.0075 0.0154
metrol5 0.0104 0.0074 0.0145
metro16 0.0116 0.0085 0.0156
metrol7 0.0136 0.0095 0.0183
metrol8 0.0195 0.0140 0.0258
metro19 0.0103 0.0074 0.0141
metro20 0.0175 0.0123 0.0232

Research Question Analyses
This section presents the different indicators and the separate analyses that were
used to answer each research question.
Research Question 1- How do cross-survey estimates of the proportions of the total
adult Jewish population in Canadian provinces and in metropolitan areas compare
to the estimates from the Canadian census and National Household Survey (NHS)?
To answer this question, I conducted two main sets of analyses. The first set

identifies the differences between estimates of the adult Jewish population generated by
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the three cross-survey methods with data from the Ca2001 batch, and estimates produced
with data from the 2001 census. The second compares the estimates of the adult Jewish
population produced by the three cross-survey methods using data from the Ca2011
batch, with estimates from the 2011 national household survey (NHS).

The following sections present the results of both sets of analyses organized by
cross-survey method. For each method, I provide results of four sets of assessments:

o Assessment of the differences between the proportions of the adult Jewish
population in the three major Canadian metropolitan areas estimated by
the cross-survey methods with data from the Ca2001 batch, and the
proportions of the adult Jewish population in the same areas estimated
with data from the 2001 Canadian census.

e Assessment of the differences between the proportions of the adult Jewish
population in the four Canadian provinces with the largest Jewish
population estimated by the cross-survey methods using data from the
Ca2001 batch, and the proportions of the adult Jewish population in the
same areas estimated with data from the 2001 Canadian census.

e Assessment of the differences between the proportions of the adult Jewish
population in the three major Canadian metropolitan areas estimated by
the cross-survey methods with data from the Ca2011 batch, and the
proportions of the adult Jewish population in the same areas estimated
with data from the 2011Canadian NHS.

e Assessment of the differences between the proportions of the adult Jewish

population in the four Canadian provinces with the largest Jewish
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population estimated by the cross-survey methods with data from the
Ca2011 batch, and the proportions of the adult Jewish population in the
same areas estimated with data from the 2011 Canadian NHS.

Results are presented separately for the different time periods and geographical
areas so as to take into account the diverse number of surveys and sample sizes included
in each analysis, as well as the source of the census estimates (2001 census estimates or
2011 NHS estimates). Results obtained with the cross-survey methods are compared
with the census estimates in two ways: (a) by means of indicators that measure the
proximity of the cross-survey estimates to the census estimates and (b) by way of
precision measures.

Assessments of the Meta-Analysis of Complex Surveys (MACS) Method.
This section presents the results of the comparisons between census estimates and MACS
estimates of the adult Jewish population.

Tables 4.4.1 and 4.4.2 compare census estimates and MACS cross-survey
estimates of the adult Jewish population for the three largest Canadian metropolitan areas
and for the four provinces with the largest proportions of adult Jewish population. These
tables display the proportions of the adult Jewish population calculated with census (and
NHS) data along with the 95% lower confidence interval (95% LCI) and the 95% upper
confidence interval (95% UCI), the MACS cross-survey estimates of the proportions and
variances of the adult Jewish population, and the numeric differences (Err) and
percentage errors (PE) between census and cross-survey estimates. The percentage error
is calculated as the numeric difference between the cross-survey estimates and the census

estimate, divided by the census estimate and multiplied by 100. The absolute percentage
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error (APE) is calculated as the absolute value of the percentage error. Table 4.4.1 shows
data from the 2001 census and estimates based on the Ca2001 batch.

Table 4.4.1

2001 Census Estimates and Ca2001 MACS Estimates of the Proportions of the Adult

Jewish Population
2001 Census Ca2001 MACS Err PE
95% 95% 95% 95%
Proportion  LCI UCI  Proportion LCI UCl
Metropolitan
Area
Montreal 0.0268 0.0256 0.0281 0.0101 0.0079 0.0124 -0.017 -62
Toronto 0.0355 0.0343 0.0368 0.0257 0.0229 0.0284 -0.010 -28
Vancouver 0.0098 0.0088 0.0108 0.0048 0.0034 0.0061 -0.005 -51
Province
Quebec 0.0130 0.0124 0.0136 0.0054 0.0034 0.0075 -0.008 -58
Ontario 0.0172 0.0166 0.0177 0.0114 0.0091 0.0137 -0.006 -34
Manitoba 0.0132 0.0117 0.0149 0.0105 0.0077 0.0134 -0.003 -20
BC 0.0061 0.0055 0.0067 0.0074 0.0046 0.0103 0.001 22

As can be seen in Table 4.4.1, the MACS estimates are lower than the census
estimates for all geographical areas except for the province of British Columbia, for
which the MACS estimate is slightly higher. Absolute percentage errors (APE) for the
three metropolitan areas range from 28% for Vancouver to 62% for Montreal, and for the
provinces, from 20% for British Columbia to 58% for Manitoba. Census estimates are
outside the 95% CI for all geographical areas except for British Columbia. Given the low
incidence of the Jewish population, survey estimates might be affected by the size of the

sample in individual geographical areas, and this may explain why cross-survey estimates
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are generally lower than population estimates. Figure 4.4.1 presents this information
graphically.
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Figure 4.4.1. Comparisons between estimates of the proportions of the adult

Jewish population generated with the MACS method and 2001 census estimates.

What follows is the comparison between the 2011 NHS estimates and the Ca2011
MACS cross-survey estimates of the adult Jewish population for the three largest
Canadian metropolitan areas and for the four provinces with the largest proportions of

adult Jewish population. Table 4.4.2 and Figure 4.4.2 present this information.
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Table 4.4.2

2011 National Household Survey Estimates and Ca2011 MACS Estimates of the
Proportions of the Adult Jewish Population

2011 NHS Ca2011 MACS Err PE
Proportio  95% 95% 95% 95%
n LCI UCI Proportion LCI UCI
Metropolitan
Area

Montreal 0.0213 0.0202 0.0225 0.0146  0.0000 0.0294 -0.007 -32
Toronto 0.0298 0.0287 0.0309 0.0243  0.0094 0.0393 -0.005 -18
Vancouver  0.0079 0.0070  0.0089 0.0213  0.0000 0.0470 0.013 169

Province

Quebec 0.0103 0.0098 0.0109 0.0078 0.0027 0.0129 -0.003 -24
Ontario 0.0147 0.0142 0.0152 0.0160 0.0115 0.0206 0.001 9
Manitoba 0.0106 0.0093 0.0121 0.0061 0.0004 0.0119 -0.004 -42
BC 0.0048 0.0043  0.0053 0.0071 0.0000 0.0142 0.002 47

As was the case with 2001 results, estimates of the adult Jewish population for
Montreal, Toronto, Quebec, and Manitoba obtained with the MACS method are lower
than 2011 NHS estimates. At the same time, Ca2011 MACS estimates are higher than
2011 NHS estimates for Vancouver and British Columbia, and slightly so for Ontario.
Metropolitan area APEs range from 18% for Toronto to 169% for Vancouver, and
province APEs, from 9% for Ontario to 47% for British Columbia. The higher-than-
expected percentage error for the Vancouver area might be associated with the large
number of surveys with no Jewish respondents. Unlike the cross-survey estimates
obtained with the Ca2001 data, the 2011 NHS estimates for all geographical areas are
within the 95% CI. This result is not surprising given the low precision of the estimates,

as will be discussed next.
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Figure 4.4.2. Comparisons between estimates of the proportions of the adult

Jewish population generated with the MACS method and 2011 NHS estimates.

In terms of precision, as was expected given the number of surveys included in
the different analyses, 2011 MACS estimates are less precise than 2001 MACS estimates.
This difference is especially pronounced for the metropolitan area estimates. Figure 4.4.3

below compares the 95% confidence intervals for the four MACS analyses.
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Figure 4.4.3. Comparisons between the 2001 and the 2011 estimates of the
proportions of the adult Jewish population generated with the MACS method.

Assessment of the Pooled Design-Based Cross-Survey (PDCS) Method. This
section presents the results of the comparisons between the proportions of the adult
Jewish population measured by the 2001 Canadian census and 2011 NHS, and PDCS
estimates of this population.

Table 4.4.3 compares the 2001 census estimates and Ca2001 PDCS cross-survey
estimates of the adult Jewish population for the seven Canadian geographical areas

included in this study.
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Table 4.4.3

2001 Census Estimates and Ca2001 PDCS Estimates of the Proportions of the Adult

Jewish Population
2001 Census Ca2001 PDCS Err PE
95% 95% 95% 95%
Proportion  LCI UCI Proportion  LCI UCI
Metropolitan
Area
Montreal 0.0268 0.0256 0.0281 0.0184 0.0155 0.0212 -0.008 -31
Toronto 0.0355 0.0343 0.0368 0.0288 0.0256 0.0320 -0.007 -19

Vancouver 0.0098 0.0088 0.0108 0.0099 0.0073 0.0125 0.000 1

Province

Quebec 0.0130 0.0124 0.0136 0.0084 0.0068 0.0100 -0.005 -35
Ontario 0.0172 0.0166 0.0177 0.0152 0.0133 0.0171 -0.002 -11
Manitoba 0.0132 0.0117 0.0149 0.0153 0.0110 0.0196  0.002 16
BC 0.0061 0.0055 0.0067 0.0081 0.0061 0.0101 0.002 34

As can be seen from the results presented in table 4.4.3, Ca2001 PDCS estimates
are higher than census estimates for Vancouver, Manitoba, and British Columbia, and
lower for Montreal, Toronto, Quebec, and Ontario. However, the comparison between
the 2011 estimates obtained with the pooled design-based cross-survey analysis and the
2011 NHS estimates (Table 4.4.4) presents a slightly different pattern. PDCS estimates
for Vancouver and British Columbia are indeed higher than NHS estimates, but so are the
estimates for Ontario, if less so.

Ca2001 PDCS absolute percentage errors (APE) are similar in range to Ca2011
APEs. Ca2001 metropolitan area APEs range from 1 to 31% (for Vancouver and
Montreal, respectively), and Ca2011 metropolitan area APEs, from 2 to 22% (for Toronto

and Vancouver, respectively), while Ca2001 province APEs range from 11 to 35% (for
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Ontario and Quebec, respectively), and Ca2011 province APEs range from 10 to 39%
(for Ontario and British Columbia, respectively).

Table 4.4.4 shows the National Household Survey estimates of the proportions of
the adult Jewish population, along with the corresponding Ca2011 PDCS estimates.
Table 4.4.4

2011 NHS Census Estimates and Ca2011 PDCS Estimates of the Proportions of the Adult

Jewish Population
2011 Census Ca2011 PDCS Err PE
. 95% 95% . 95% 95%
Proportion LCI e Proportion LCI UcI
Metropolitan
Area
Montreal 0.0213  0.0202 0.0225 0.0175 0.0106 0.0245 -0.004 -18
Toronto 0.0298  0.0287 0.0309 0.0304 0.0220 0.0388  0.001 2

Vancouver  0.0079  0.0070 0.0089  0.0097  0.0025 0.0168 0.002 22

Province

Quebec 0.0103  0.0098 0.0109  0.0079  0.0062 0.0096 -0.002 -23
Ontario 0.0147  0.0142 0.0152 0.0162 0.0142 0.0182  0.002 10
Manitoba 0.0106  0.0093 0.0121  0.0089  0.0050 0.0127 -0.002 -17
BC 0.0048  0.0043 0.0053  0.0067 0.0041 0.0093 0.002 39

Half of the 2001 census estimates (for Vancouver, Manitoba, and British
Columbia) fall within the 95% confidence intervals of the corresponding PDCS
estimates. All the 2011 census estimates fall within the 95% confidence intervals of the
corresponding PDCS estimates, which points to the plausibility of these estimates (see

Figure 4.4.4 and Figure 4.4.5 next).
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Figure 4.4.4. Comparisons between estimates of the proportions of the adult

Jewish population generated with the PDCS method and 2001 census estimates.

©NHS 2011 mPDCS Ca2011
0.040 -

0.035 -
0.030 - ]

0.025 +

0.020 -

0.015 - i
0.010 - ; E

0.005 -
0 . 0 0 0 T T T T T T T 1
N o £ © -0 > O
& & & Q\&\ &
@o &0 4&0 Q) Q) Q\‘Z’Q

Figure 4.4.5. Comparisons between estimates of the proportions of the adult

Jewish population generated with the PDCS method and 2011 NHS estimates.
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The precision of the 2011 PDCS estimates for the metropolitan areas is lower than
that of the 2001 PDCS estimates for the same areas. There is almost no difference
between the precision of the 2001 and the 2011 PDCS estimates for the four provinces

included in this study. Figure 4.4.6 below presents this information graphically.
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Figure 4.4.6. Comparisons between the 2001 and the 2011 estimates of the
proportions of the adult Jewish population generated with the PDCS method.

Assessment of the Bayesian Multilevel Regression with Post-Stratification
(BMRP) Method. This section provides results of the comparisons between census
estimates and BMRP estimates of the adult Jewish population.

Similar to the previous sections, Tables 4.4.5 and 4.4.6 display the comparisons
between BMRP cross-survey estimates and census estimates. Table 4.4.5 shows data
from the 2001 census and estimates based on the Ca2001 batch, while Table 4.4.6

presents data from the 2011 NHS and estimates based on the Ca2011 batch. Along with
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the estimates of the proportions of the adult Jewish population generated with the BMRP
method, the tables display the 95% credible intervals (Cly). Credible intervals constitute
the Bayesian analogue of confidence intervals (Gill, 2008) and are calculated from the
posterior distribution.

Table 4.4.5

2001 Census Estimates and Ca2001 BMRP Estimates of the Proportions of the Adult

Jewish Population
2001 Census Ca2001 BMRP Err PE
95% 95% 95% 95%
Proportion °*LCl, ?*UCIl, Proportion **LCl, *UCI,
Metropolitan
Area
Montreal 0.0268 0.0256 0.0281 0.0268 0.0230 0.0310 <0.001 0
Toronto 0.0355 0.0343 0.0368 0.0355 0.0320 0.0394 <0.001

Vancouver 0.0098 0.0088 0.0108 0.0109 0.0083 0.0138 0.001 11
Province

Quebec 0.0130 0.0124 0.0136 0.0074 0.0046 0.0110 -0.006 -43
Ontario 0.0172 0.0166 0.0177 0.0145 0.0095 0.0211  -0.003 -15
Manitoba 0.0132 0.0117 0.0149 0.0148 0.0087 0.0230 0.002 12
BC 0.0061 0.0055 0.0067 0.0087 0.0054 0.0134 0.003 44

Note: * CIb refers to credible intervals, the Bayesian analogue of confidence intervals.

As can be seen in Table 4.4.5, absolute percentage errors are low for all
metropolitan areas (0% for Toronto, 1% for Montreal, and 11% for Vancouver). In
addition, census estimates are within the 95% CI for all metropolitan areas. APEs for the
provinces range from 9% for Manitoba, to 44% for British Columbia. Two out of the
four provincial estimates are within the 95% CI of the Ca2001 BMRP estimates (Ontario
and Manitoba). BMRP estimates are higher than census estimates for Vancouver,

Manitoba, and British Columbia, which are comparatively less populated areas. Figure
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4.4.7 below displays the Ca2001 BMRP estimates and credible intervals along with the

census values.
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Figure 4.4.7. Comparisons between estimates of the proportions of the adult

Jewish population generated with the BMRP method and 2001 census estimates.

Ca2011 BMRP estimates are higher than 2011 NHS estimates only for the
Province of British Columbia. Metropolitan area APEs range from 13 to 35% (for
Toronto and Montreal, respectively). The province APE range is similar (1% for
Manitoba to 42% for Quebec), except for the British Columbia APE, which was very
high: 153%. NHS estimates of the proportions of the adult Jewish population for
Montreal, Toronto, Vancouver, Ontario and Manitoba are within the 95% credible
intervals of the Ca2011 BMRP cross-survey estimates. These results are shown in Table

4.4.6 and Figure 4.4.8.
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Table 4.4.6

2011 NHS Estimates and Ca2011 BMRP Estimates of the Proportions of the Adult Jewish

Population

2011 Census Ca2011 BMRP Err PE

95% 95% 95% 95%
Proportion  *LCl, *UCl, Proportion *LCl, *UCI,

Metropolitan

Area
Montreal 0.0213 0.0202 0.0225 0.0139 0.0073  0.0222 -0.007 -35
Toronto 0.0298 0.0287 0.0309 0.0259  0.0141 0.0420 -0.004 -13

Vancouver 0.0079  0.0070  0.0089 0.0060 0.0019 0.0135 -0.002 -25

Province

Quebec 0.0103  0.0098 0.0109 0.0060  0.0034 0.0092 -0.004 -42
Ontario 0.0147 0.0142 0.0152 0.0123  0.0073  0.0189 -0.002 -16
Manitoba 0.0106 0.0093 0.0121 0.0105 0.0063 0.0162 0.000 -1
BC 0.0048 0.0043  0.0053 0.0121  0.0072  0.0185 0.007 153

Note:  Cl, refers to credible intervals, the Bayesian analogue of confidence intervals.
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Figure 4.4.8. Comparisons between estimates of the proportions of the adult

Jewish population generated with the BMRP method and 2011 NHS estimates.
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Figure 4.4.9 below shows credible intervals for the four sets of estimates.
Credible intervals are lower for the BMRP Ca2001 than for the BMRP Ca2011 estimates,

and the differences are more pronounced for metropolitan area estimates.

®BMRP
0.045 -

0.040 -

0.035 - %

0.030 -

0.025 - I

0.020 -

0.015 B

0.010 - ; ;

0.005 - ;
0.000 ' ' N I
'\90\ S N 3 ’»QQWQ“\ G,Q\\ "’Q\q,u\\ ol ("Q\'\,Q\\

Figure 4.4.9. Comparisons between the 2001 and the 2011 estimates of the

proportions of the adult Jewish population generated with the BMRP method.

Research Question 2: How do the results of the cross-survey approaches compare
in terms of their accuracy and precision in estimating the proportions of the total
adult Jewish population in the Canadian provinces and metropolitan areas included
in the study?

The analyses I conducted to answer this question aimed to assess how the cross-

survey methods compare with each other. To this end, I compared the statistical



110

indicators calculated for the population estimates generated by the three methods based
on data from both Canadian batches, Ca2001 and Ca2011. First, I compared Err, PE and
CV as well as MAPE, MALPE, and RMSE values for the estimates obtained with each
batch and method, and then I examined the confidence intervals and credible intervals of
the estimates generated by the three methods. Results are presented separately for each
time period by province and by metropolitan area. Comparing results for provinces and
metropolitan areas separately makes it possible to take into account the number of

surveys and sample sizes included in each analysis.

Assessment of Cross-Survey Estimates of the Adult Jewish Population in
Metropolitan Areas Obtained with Data from Ca2001

Table 4.5.1 presents the comparisons between the 2001 census estimates and the
cross-survey estimates of the adult Jewish population in the metropolitan areas of
Montreal, Toronto, and Vancouver generated with data from the Ca2001 batch. This
table shows the census estimates and the cross-survey estimates, as well as the number of
surveys and sample sizes considered in each analysis.

Results presented in Table 4.5.1 show that the BMRP cross-survey method
outperforms the MACS and PDCS methods in accuracy, although the difference is
smaller in the second case. The MACS absolute percentage errors (APE) range from
28% in Toronto to 62% in Montreal; the PDCS APEs range from 1% in Vancouver to
31% in Montreal; and the BMRP APEs range from less than 1% in Montreal and
Toronto to 11% in Vancouver. As the coefficients of variation (CV) indicate, the levels

of dispersion of the estimates obtained with the three cross-survey estimates are low. The



111

CVs range from 5% (for the estimates of the adult Jewish population in Montreal) to 13%
-15% (for the estimates of the adult Jewish population in Vancouver).
Table 4.5.1

Comparisons between Estimates of the Proportions of the Adult Jewish Population in
Metropolitan Areas based on 2001 Census Estimates and Ca2001 Cross-Survey
Estimates (MACS, PDCS, BMRP) — Err, PE, SE, and CV Indicators

2001 Cross-

Census survey

Estimate Surveys Sample Estimate Err PE SE cv?
MACS
Montreal 0.0268 44 9537 0.0101  -0.017 -62 0.0011 11.3
Toronto 0.0355 44 12613 0.0257  -0.010 -28 0.0014 5.5

Vancouver 0.0098 44 6042 0.0048  -0.005 -51 0.0007 14.7
PDCS

Montreal 0.0268 44 9537 0.0184 -0.008 -31 0.0015 7.9

Toronto 0.0355 44 12613 0.0288  -0.007 -19 0.0016 5.7

Vancouver 0.0098 44 6042 0.0099 0.000 1 0.0013 133
BMRP

Montreal 0.0268 44 9537 0.0268 <0.001 0 0.0001 7.7

Toronto 0.0355 44 12613 0.0355 <0.001 0 0.0001 5.3

Vancouver 0.0098 44 6042 0.0109 -0.001 11 <0.0001 13.2
Note: * CV, the coefficient of variation is calculated as the SE over the mean for estimates
generated with the MACS and PDCS methods and as SD over the mean for estimates
obtained with the BMRP method.

Both the BMRP and the PDCS methods produce accurate estimates for
Vancouver, but only BMRP generates accurate estimates for all three metropolitan areas.
MACS and PDCS underestimate the proportions of the adult Jewish population (as
measured by the 2001 census). These results are reinforced by the analyses of precision

(see Figure 4.5.1) and analyses of the aggregated indicators (see Table 4.5.2).
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Table 4.5.2 displays the MAPE, MALPE, and RMSE aggregated indicators
calculated for the three metropolitan areas with data from the Ca2001 batch. These
indicators provide summary measures of the accuracy of each method (Yowell & Devine,
2013). As was the case with the results presented in Table 4.5.1, the aggregated
measures show that estimates obtained with the BMRP method are far more accurate than
the ones generated with PDCS and MACS. BMRP has a MAPE of 4%, compared to
17% for PDCS, and 47% for MACS.

Table 4.5.2

Comparison between Estimates of the Proportions of the Adult Jewish Population in
Metropolitan Areas Based on 2001 Census Estimates and Ca2001 Cross-Survey
Estimates (MACS, PDCS, BMRP) — MAPE, MALPE, and RMSE Indicators

Ca2001 Metropolitan Area
MACS PDCS BMRP

MAPE 47.07 17.14 3.68
MALPE -47.07 -16.41 3.66
RMSE 1.05 0.51 0.04

To further assess the precision and accuracy of the different methods, I compared
the 95% confidence intervals of the estimates (95% credible intervals for the BMRP

method). Figure 4.5.1 shows the results.
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Figure 4.5.1. Comparisons between Ca2001 cross-survey estimates across
methods and 2001 census estimates of the proportions of the adult Jewish population in
metropolitan areas.

As noted earlier, the census estimates are within the 95% credible intervals for all
three Ca2001 BMRP estimates of the adult Jewish population in Montreal Toronto and
Vancouver. The only other census estimate within cross-survey confidence intervals is
the census estimate for Vancouver which is within the 95% confidence intervals of the
PDCS estimate. The 95% confidence and credible intervals are relatively small and of
comparable size for all three metropolitan areas.

Assessment of Cross-Survey Estimates of the Adult Jewish Population in the
Canadian Provinces with Data from Ca2001

This section presents comparisons of the estimates of the proportions of the adult

Jewish population in the Canadian provinces generated with data from the Ca2001 batch.



Table 4.5.3 shows cross-survey estimates as well as individual statistical indicators;

Table 4.5.3 displays aggregated indicators; and Figure 4.5.2 compares confidence

intervals.

Table 4.5.3
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Comparisons between Estimates of the Proportions of the Adult Jewish Population in the

Four Provinces Based on 2001 Census Estimates and Ca2001 Cross-Survey Estimates

(MACS, PDCS, BMRP) — Err, PE, SE, and CV Indicators

2001 Cross-
Census Survey
Estimate Surveys Sample Estimate Err PE SE cv?
MACS
Quebec 0.0130 43 16325 0.0054  -0.008 -58 0.0010 193
Ontario 0.0172 43 19148 0.0114  -0.006 -34 0.0012 103
Manitoba 0.0132 43 3577 0.0105  -0.003 -20 0.0015 13.8
BC 0.0061 43 7764 0.0074 0.001 22 0.0014 195
PDCS
Quebec 0.0130 43 16325 0.0084 -0.005 -35 0.0008 9.9
Ontario 0.0172 43 19148 0.0152  -0.002 -11 0.0010 6.4
Manitoba 0.0132 43 3577 0.0153 0.002 16 0.0022 143
BC 0.0061 43 7764 0.0081 0.002 34 0.0010 125
BMRP
Quebec 0.0130 43 16325 0.0074  -0.006 43 0.0001 21.9
Ontario 0.0172 43 19148 0.0145  -0.003 -I5 0.0001 20.2
Manitoba 0.0132 43 3577 0.0148 0.002 12 0.0001 25.1
BC 0.0061 43 7764 0.0087 0.003 44 0.0001 23.2

Note * CV, the coefficient of variation, is calculated as the SE over the mean for estimates
generated with the MACS and PDCS methods and as SD over the mean for estimates

obtained with the BMRP method.

Census estimates for the provinces of Ontario, Manitoba, and British Columbia

are within the 95% confidence intervals of the PDCS estimates and within the 95%

credible intervals of the BMRP estimates. Census estimates for the provinces of

Manitoba and British Columbia are within the 95% confidence intervals of the MACS
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estimates. Yet the three methods failed to accurately estimate the proportions of the adult
Jewish population in the province of Quebec. The three methods underestimated the
proportions of the adult Jewish population in the provinces of Quebec and Ontario and
overestimated the proportion of this population in the province of British Columbia.
Unlike the previous comparison, this one does not suggest a clear trend in the
performances of the three methods in general, PDCS appears to outperform the others
slightly in accuracy and precision (as indicated by the Err, APE and CV indicators, and
by the aggregated indicators as well). The absolute percentage errors (APE) for all the
estimates are larger than 10%. APEs range from 20% in Manitoba to 58% in Quebec for
MACS; from 11% in Ontario to 35% in Quebec for PDCS; and from 12% in Manitoba to
44% in Quebec for BMRP. Although not as small as the ones found for the Ca2001
metropolitan area estimates, the coefficients of variation suggest low and moderate
amount of variability. The variability of the PDCS method is slightly lower than that of
the MACS and BMRP methods. PDCS CVs are good, ranging from 6% to 15%, while
CVs for MACS and BMRP estimates are fair, ranging from 14% to 25%. The mean
absolute percentage error (MAPE) associated with the PDCS method is the smallest
(PDCS has a MAPE of 24%, compared to 27% for BMRP and 33% for MACS). (See

Table 4.5.4).
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Table 4.5.4

Comparisons between Estimates of the Proportions of the Adult Jewish Population in
Provinces Based on 2001 Census Estimates and Ca2001 Cross-Survey Estimates (MACS,
PDCS, BMRP) — MAPE, MALPE, and RMSE Indicators

Ca2001 Province
MACS PDCS BMRP

MAPE 33.64 23.96 28.49

MALPE -22.47 0.71 -0.70

RMSE 0.43 0.27 0.31
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Figure 4.5.2 Comparisons between Ca2001 cross-survey estimates across
methods and 2001 census estimates of the proportions of the adult Jewish population in

the provinces.
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Assessment of Cross-Survey Estimates of the Adult Jewish Population in the
Canadian Metropolitan Areas with Data from Ca2011

This section presents the estimates of the proportions of the adult Jewish
population in the Canadian metropolitan areas calculated with data from the Ca2011
batch as they compare to the 2011 NHS estimates. The following tables show cross-
survey estimates (Table 4.5.5), individual statistical indicators (Table 4.5.5), and
aggregated indicators (Table 4.5.6).
Table 4.5.5

Comparisons between Estimates of the Proportions of the Adult Jewish Population in
Metropolitan Areas Based on 2011 NHS Data and Ca2011 Cross-Survey Estimates
(MACS, PDCS, BMRP) — Err, PE, SE, and CV Indicators

2011 Cross-
NHS Survey
Estimate Surveys Sample Estimate Err PE SE cv?
MACS
Montreal 0.0213 10 1638  0.0146 -0.007 -32 0.0076  52.0
Toronto 0.0298 10 1886  0.0243  -0.005 -18 0.0076 314
Vancouver  0.0079 10 876  0.0213 0.013 169 0.0131 61.6
PDCS
Montreal 0.0213 10 1638  0.0175 -0.004 -18 0.0035 20.2
Toronto 0.0298 10 1886  0.0304 0.001 2 0.0043  14.1
Vancouver  0.0079 10 876  0.0097 0.002 22 0.0036  37.6
BMRP
Montreal 0.0213 10 1638  0.0139  -0.007 -35 0.0001  29.2
Toronto 0.0298 10 1886  0.0259  -0.004 -13 0.0002 28.4
Vancouver 0.0079 10 876  0.0060 -0.002 -25 0.0001  50.7

Note: * CV, the coefficient of variation, is calculated as the SE over the mean for
estimates generated with the MACS and PDCS methods and as SD over the mean for
estimates obtained with the BMRP method.
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Among the three methods, PDCS generated more accurate estimates for Montreal
(MACS APE=32%, PDCS APE=18%, BMRP APE=35%), Toronto (MACS APE=18%,
PDCS APE =2%, BMRP APE=13%), and Vancouver (MACS APE=169%, PDCS
APE=22%, BMRP APE=25%). The particularly high MACS percentage error (PE) for
Vancouver seems to indicate an outlier. As previously discussed, the relatively large
number of surveys with no Jewish population (6 out of 10) might have influenced the
overestimation observed here. The coefficients of variation suggest relatively unstable
estimates, especially for the three MACS estimates (Montreal CV=52%, Toronto
CV=31%, and Vancouver CV=32%) and for the Vancouver estimates generated with the
MACS and BMRP methods (62% and 51% respectively).

Table 4.5.6

Comparisons between Estimates of the Proportions of the Adult Jewish Population in
Metropolitan Areas Based on 2011 NHS Estimates and Ca2011 Cross-Survey Estimates
(MACS, PDCS, BMRP) — MAPE, MALPE, and RMSE Indicators

Ca2011 Metropolitan Area
MACS PDCS BMRP

MAPE 73.07 14.06 24.20
MALPE 39.66 2.11 -24.20
RMSE 0.85 0.21 0.44

The comparisons among MAPE indicators shows that the range of errors is
smallest for the PDCS method. Still, none of the mean average percentage errors
(MAPE) is smaller than 10%.

Figure 4.5.3 graphically compares the accuracy and precision of the metropolitan
area NHS estimates with the accuracy and precision of the estimates obtained with the

different cross-survey methods.
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Figure 4.5.3. Comparisons between Ca2011 cross-survey estimates across

methods and 2011 NHS estimates of the proportions of the adult Jewish population in

metropolitan areas.

As Figure 4.5.3 shows, the 95% confidence intervals (credible intervals for the

BMRP method) are large for all the estimates but especially so for the Vancouver MACS

estimates. The NHS estimates of the proportions of the adult Jewish population in the

three largest metropolitan areas — Montreal, Toronto, and Vancouver- are within the 95%

confidence intervals of the cross-survey estimates generated with the three cross-survey

methods. Nonetheless, given the wide Cls, interpretations of the accuracy of these

estimates should be cautious.
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Assessment of Cross-Survey Estimates of the Adult Jewish Population in the

Canadian Provinces Obtained with Data from Ca2011

This section presents the comparisons of the estimates of the adult Jewish

population in the four Canadian provinces generated with data from the Ca2011 batch.

Table 4.5.7 shows the cross-survey estimates and individual statistical indicators, and

Table 4.5.8 displays the aggregated indicators.

Table 4.5.7

Comparisons between Estimates of the Proportions of the Adult Jewish Population in the
Provinces Based on 2011 NHS Estimates and Ca2011 Cross-Survey Estimates (MACS,
PDCS, BMRP) — Err, PE, SE, and CV Indicators

2011 Cross-
NHS Survey
Estimate Surveys Sample Estimate Err PE SE cv?
MACS
Quebec 0.0103 17 13890  0.0078 -0.003 -24 0.0026  33.2
Ontario 0.0147 17 19230  0.0160 0.001 9 0.0023 145
Manitoba 0.0106 17 3700  0.0061  -0.004 -42 0.0029 475
BC 0.0048 17 8004  0.0071 0.002 47 0.0036 51.6
PDCS
Quebec 0.0103 17 13890  0.0079  -0.002 -23 0.0009 113
Ontario 0.0147 17 19230  0.0162 0.002 10 0.0010 6.4
Manitoba 0.0106 17 3700  0.0089 -0.002 -17 0.0020 222
BC 0.0048 17 8004  0.0067 0.002 39 0.0013 19.7
BMRP
Quebec 0.0103 17 13890  0.0060 -0.004 -42 <0.0001 25.5
Ontario 0.0147 17 19230  0.0123  -0.002 -16 0.0001  23.7
Manitoba 0.0106 17 3700  0.0105 0.000 -1 0.0001  23.8
BC 0.0048 17 8004  0.0121 0.007 153 0.0001 23.7

Note: * CV, the coefficient of variation, is calculated as the SE over the mean for

estimates generated with the MACS and PDCS methods and as SD over the mean for

estimates obtained with the BMRP method.
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Among the three methods, PDCS and MACS methods generated slightly more
accurate estimates for Quebec (MACS APE=24%, PDCS APE=23%, BMRP APE=42%)
and Ontario (MACS APE=9%, PDCS APE =10%, BMRP APE=16%). The BMRP
method generated the most accurate estimates for Manitoba (MACS APE=42%, PDCS
APE=17%, BMRP APE=1%). All three cross-survey methods underestimated the
proportion of the adult Jewish population in Quebec and underestimated the proportions
of the Jewish population in British Columbia. MACS and PDCS slightly overestimated
the proportion of this population in Ontario, while BMRP slightly underestimates it. The
particularly high BMRP proportional error for British Columbia seems to indicate an
outlier, and may be due to the influence of the small sample sizes and geographical
variables included in the model. More research is needed to understand the factors
behind this much-higher-than-expected estimate. The sampling error of the estimates, as
indicated by the coefficients of variation, is smaller for the PDCS estimates (ranging from
6 to 22%). The CVs for the BMRP method are fair, ranging from 23 to 26%. The CVs
for the MACS estimates fluctuates.

Table 4.5.8

Comparisons between Estimates of the Proportions of the Adult Jewish Population in the
Provinces Based on 2011 NHS Estimates and Ca2011 Cross-Survey Estimates (MACS,
PDCS, BMRP) — MAPE, MALPE, and RMSE Indicators

Ca2011 Province

MACS PDCS BMRP
MAPE 30.70 22.39 52.96
MALPE -2.55 245 23.44

RMSE 0.26 0.19 0.35
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Figure 4.5.4 graphically shows the comparisons between the NHS estimates of the
adult Jewish population in the Canadian provinces with the cross-survey estimates of the

same population.
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Figure 4.5.4. Comparisons between Ca2011 cross-survey estimates across cross-
survey methods and 2011 NHS estimates of the proportions of the adult Jewish

population in provinces.

As evidenced by the size of the confidence intervals in Figure 4.5.4, the Ca2011
provincial estimates generated with the PDCS method are the most precise. The NHS
estimates of the proportions of the adult Jewish population are within the 95% confidence
intervals of the cross-survey estimates generated for the four provinces with the three

cross-survey methods.
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Research Question 3: How do the three cross-survey approaches compare in terms
of their stability and precision for estimating the proportions of the total adult
Jewish population in metropolitan areas in the continental US?

To answer this question, I conducted two sets of analyses. In the first set, I
compared the estimates of the proportions of the adult Jewish population calculated with
the three cross-survey methods based on data from sub-batches US2011a and US2011b.
This comparison was meant to assess the stability of the methods. First, I compared the
Err, PE, and APE indicators calculated for each method, and then I examined the MAPE
and MALPE measures across methods. Err corresponds to the differences between the
estimates of the two US2011 sub-batches by metropolitan area (US2011b-US2011a), and
PE, to the differences between the estimates of the two US2011 sub-batches by
metropolitan area as a proportion of the US2011a sub-batch [(US2011b-US2011a)/
US2011a]. APE is the absolute value of PE. MAPE is calculated for each cross-survey
method as the average APE across metropolitan areas, and MALPE, as the average PE.
In the second set of analyses I compared the estimates of the proportions of the Jewish
population generated by the three cross-survey methods based on data from the US2011
batch.

Meta-Analysis of Complex Surveys - Assessment of Stability. The comparisons
between the estimates of the adult Jewish population in the 20 largest U.S. metropolitan
areas generated with the MACS cross-survey method for the two US2011 sub-batches
indicates relatively low stability for many of the estimates. The results of this analysis
are presented in Table 4.6.1. In addition to the estimates of the adult Jewish population

by metropolitan area for the two U.S. sub-batches, this table shows Err and PE indicators.
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These indicators represent the differences between the estimates obtained with data from

the two sub-batches. The percentage errors (PE) range from low (5%, for metro5) to very

high (204%, for metro8). Forty-five percent of the PEs are larger than 50%, and only

30% are smaller than 15%. In 65% of the comparisons the US2011a estimates are larger

than US2011b estimates.

Table 4.6.1

US2011a and US2011b MACS Estimates of the Proportions of the Adult Jewish

Population
US2011a US2011b Err PE
Metro 95% 95% 95% 95%
Area Proportion LCI UCI  Proportion LCI UCI
1 0.063 0.060 0.066 0.072 0.069 0.076 0.009 14
2 0.012 0.011 0.014 0.020 0.017 0.022 0.007 58
3 0.017 0.015 0.020 0.005 0.004 0.006  -0.013 -73
4 0.012 0.010 0.015 0.010 0.009 0.012  -0.002 -17
5 0.009 0.007 0.011 0.009 0.007 0.010 0.000 -5
6 0.019 0.017 0.022 0.021 0.019 0.024 0.002 11
7 0.020 0.017 0.023 0.012 0.010 0.014  -0.009 -43
8 0.023 0.020 0.025 0.069 0.065 0.073 0.046 204
9 0.009 0.007 0.011 0.002 0.002 0.003  -0.007 -75
10 0.011 0.009 0.013 0.023 0.020 0.026 0.012 105
11 0.016 0.013 0.018 0.021 0.018 0.025 0.006 37
12 0.019 0.016 0.021 0.013 0.010 0.015  -0.006 -33
13 0.012 0.011 0.014 0.010 0.008 0.011  -0.003 21
14 0.009 0.007 0.011 0.005 0.004 0.005  -0.005 -50
15 0.019 0.017 0.021 0.017 0.014 0.020  -0.002 -11
16 0.017 0.014 0.020 0.015 0.013 0.018  -0.001 -8
17 0.020 0.017 0.023 0.008 0.007 0.009  -0.012 -61
18 0.012 0.010 0.014 0.004 0.003 0.005  -0.008 -68
19 0.030 0.025 0.034 0.007 0.006 0.009  -0.022 -75
20 0.019 0.016 0.023 0.022 0.020 0.024 0.003 14

Pooled Design-Based Cross-Survey - Assessment of Stability. The comparisons

between the estimates of the adult Jewish population in the 20 largest U.S. metropolitan

areas generated with the PDCS cross-survey method for the two U.S. sub-batches



indicates relatively more stability than the comparison between the MACS estimates.

The percentage error indicators range from no-error (0%) for metro6, to 51% for
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metrol3. Twenty percent of the PEs are less than 10%, and an additional 40% are less

than 20%. Moreover, only three metropolitan areas have a PE greater than 45%. The
US2011a estimates are larger than the US2011b estimates in 55% of the metropolitan

areas. The results of these comparisons are presented in Table 4.6.2.

Table 4.6.2

US2011a and US2011b PDCS Estimates of the Proportions of the Adult Jewish

Population
Metro Area US2011a US2011b Err PE
95% 95% 95%  95%
Proportion LCI UCI Proportion LCI UCI

metrol 0.078 0.070  0.087 0.091 0.082 0.100 0.013 16
metro2 0.040 0.033  0.049 0.034 0.028 0.042 -0.006 -15
metro3 0.031 0.025 0.040 0.026  0.020 0.034 -0.005 -16
metro4 0.007 0.003 0.016 0.011 0.006 0.019 0.003 46
metro5 0.010 0.005 0.018 0.006 0.003 0.012 -0.003 -35
metro6 0.040 0.031 0.050 0.040 0.032  0.050 0.000 0
metro7 0.039 0.030 0.050 0.036  0.027 0.047 -0.003 -7
metro8 0.077 0.063  0.094 0.100 0.084 0.118 0.022 29
metro9 0.016 0.010 0.024 0.016 0.010 0.025 0.000 2
metro10 0.034 0.024 0.049 0.049 0.038 0.062 0.014 41
metroll 0.040 0.028 0.056 0.044 0.032 0.061 0.004 11
metro12 0.015 0.009 0.024 0.016 0.010 0.024 0.001 6
metrol3 0.012  0.007 0.021 0.006 0.003 0.012 -0.006 -51
metrol4 0.010 0.006 0.016 0.011  0.007 0.019 0.002 17
metrol5 0.015 0.009 0.026 0.014 0.008 0.023 -0.001 -10
metrol6 0.012  0.008 0.020 0.011 0.007 0.017 -0.001 -11
metrol7 0.020 0.011 0.036 0.014 0.008 0.025 -0.006 -30
metro18 0.026 0.017 0.041 0.019 0.012 0.028 -0.008 -29
metro19 0.018 0.010 0.033 0.016 0.008 0.032 -0.002 -11
metro20 0.027 0.017 0.042 0.014 0.008 0.025 -0.012 -45

Bayesian Multilevel Regression with Post-Stratification - Assessment of Stability.

Comparison between the estimates of the adult Jewish population in the 20 largest U.S.
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metropolitan areas generated with the BMRP cross-survey method for the two U.S. sub-

batches indicates relative stability between the estimates. Forty percent of the estimates

have a percentage error of less than 10 percent, and an additional 45% have a percentage

error of less than 20%. All percentage errors but one are less than 31%, the exception

being the estimates for metro10, which exhibit an error of 71%. US2011a estimates are

larger than US2011b estimates only in 30% of the metropolitan areas. Table 4.6.3 shows

the results of the comparisons.

Table 4.6.3

US2011a and US2011b BMRP Estimates of the Proportions of the Adult Jewish

Population
Metro Area US2011a US2011b Err PE
. 95%  95% . 95% 95%
Proportion LCI  UCI Proportion LCI Uct

metrol 0.064 0.058 0.071 0.077 0.070 0.083 0.012 19
metro2 0.030 0.025 0.035 0.029 0.025 0.034  -0.001 -3
metro3 0.029 0.024 0.034 0.027 0.022 0.033 -0.002 -6
metro4 0.007 0.005 0.009 0.008 0.005 0.010 0.001 16
metro5 0.006 0.004 0.009 0.006 0.004 0.008 0.000 -2
metro6 0.029 0.024 0.034 0.032 0.028 0.039 0.004 13
metro7 0.034 0.028 0.041 0.037 0.030 0.045 0.004 11
metro8 0.066 0.055 0.077 0.086 0.075 0.098 0.020 31
metro9 0.009 0.007 0.012 0.010 0.007 0.013 0.001 6
metrol0 0.033 0.024 0.043 0.056 0.045 0.068 0.023 72
metrol1 0.029 0.022 0.036 0.028 0.022 0.034  -0.001 -3
metrol2 0.013 0.009 0.017 0.016 0.012 0.021 0.003 27
metrol3 0.007 0.005 0.011 0.006 0.004 0.009  -0.001 -17
metrol4 0.009 0.007 0.013 0.011 0.008 0.015 0.002 16
metrol5 0.011 0.007 0.015 0.011 0.007 0.015 0.000 1
metrol6 0.011 0.008 0.015 0.012 0.008 0.016 0.001 10
metrol7 0.016 0.011 0.022 0.013 0.009 0.018 -0.003  -18
metrol8 0.016 0.012 0.022 0.019 0.014 0.025 0.003 19
metro19 0.010 0.007 0.014 0.010 0.007 0.014 0.000 0
metro20 0.020 0.014 0.026 0.017 0.012 0.024  -0.002 -12
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Assessment of Stability across the Three Cross-Survey Methods. To further
assess the stability of the cross-survey methods, aggregated MAPE, MALPE, and RMSE
indicators were calculated for each method. Table 4.6.4 displays these indicators for the
three methods.

Table 4.6.4

Difference between US2011a and US2011b Estimates of the Adult Jewish Population

across Metropolitan Areas

MACS PDCS BMRP
MAPE 49.17 21.44 15.12
MALPE -4.89 -4.71 9.04
RMSE 0.009 0.006 0.004

The MAPE and RMSE measures indicate that, on average, absolute differences
between the estimates generated for US2011a and US2011b sub-batches across
metropolitan areas are smallest for the BMRP method. MAPE was 15% for this method
compared to 21% for the PDCS method and 49% for the MACS method, suggesting that
BMRP results are more stable across different subsamples. Similarly, RMSE for BMRP
15 .0042, compared to .0057 for PDCS and .0088 for MACS, while MACS and PDCS
MALPE:s are similar and smaller than the BMRP MALPE. The MALPE indicator takes
into account the direction of the error, so that negative errors are canceled by positive
errors. The difference between MAPE and MALPE indicators gives an idea of the
direction of the errors across metropolitan areas. MAPE is smaller than MALPE, for the
three methods which suggests that errors are in different directions. In other words,

neither sub-batch produces higher estimates.
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Assessment of the Estimation of the US2011 Batch

In this section I present the estimates for the Jewish population in the 20 largest
U.S. metropolitan areas generated with data from the entire US2011 batch. The aim is to
identify and compare the precision of the estimates produced with the different cross-
survey methods. In addition, and taking into consideration that the true value of the
estimands is not known, the differences between the estimates obtained with the three
methods were also assessed.

The dispersion and variability of the estimates of the adult Jewish population in
the 20 largest U.S. metropolitan areas generated with the three methods were found to be
similar. The coefficients of variation are slightly lower for the MACS model (MACS
CVs range from 2 to 10%, PDCS CVs from 4 to 25%, and BMRP CVs from 3 to 15%).
Table 4.6.5 presents this information.

Table 4.6.5 presents comparisons of the estimates of the Jewish population in the
20 largest U.S. metropolitan areas generated with the three cross- survey methods. Along
with these estimates, it displays their corresponding standard errors and coefficients of

variation.



129

Table 4.6.5

Comparisons between Estimates of the Proportions of the Adult Jewish Population in the
20 Largest U.S. Metropolitan Areas (MACS, PDCS, BMRP) — SE and CV Indicators

Metro

MACS PDCS BMRP
Area

Estimate SE CV?* Estimate SE CV* Estimate SD Ccve

metrol 0.0672  0.0011 0.0847  0.0031 4 0.0707 0.0025 3
metro2 0.0122  0.0007 0.0370  0.0026 7 0.0301 0.0018
metro3 0.0051 0.0004 0.0286  0.0025 9 0.0274 0.0021
metro4 0.0101 0.0006 0.0089  0.0022 25 0.0069 0.0009 14
metro5 0.0087  0.0006 0.0079  0.0018 22 0.0061 0.0009 14
metro6 0.0198  0.0009 0.0398  0.0033 8 0.0316 0.0021 7
metro7 0.0125  0.0008 0.0375  0.0036 10 0.0358 0.0026 7
metro8 0.0304  0.0010 0.0890  0.0059 7 0.0761 0.0041 5
metro9 0.0022  0.0002 1 0.0156  0.0025 16 0.0105 0.0013 13
metrol0 0.0138  0.0008 0.0417  0.0044 10 0.0427 0.0035 8
metrol1 0.0153  0.0008 0.0419  0.0051 12 0.0279  0.0025 9
metrol2 0.0123  0.0008 0.0154  0.0024 16 0.0144 0.0017 12
metrol3 0.0098  0.0005 0.0087 0.0019 22 0.0071 0.0011 15
metrol4 0.0044  0.0003 0.0104  0.0020 19 0.0107 0.0014 13
metrol5 0.0167  0.0011 0.0144  0.0027 19 0.0107 0.0014 14
metrol6 0.0157  0.0010 0.0116  0.0020 17 0.0115 0.0015 13
metrol7 0.0079  0.0004 0.0169  0.0035 21 0.0151 0.0019 13
metrol8 0.0039  0.0003 0.0220  0.0035 16 0.0184 0.0022 12
metrol9 0.0072  0.0005 0.0169  0.0040 24 0.0104 0.0015 14
metro20 0.0189  0.0011 6 0.0204  0.0037 18 0.0186 0.0023 12
Note: 2 CV, the coefficient of variation, is calculated as the SE over the mean for
estimates generated with the MACS and PDCS methods and as SD over the mean for
estimates obtained with the BMRP method.
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To calculate indices reflecting the differences among the estimates generated by
the three methods, I calculated mean average percent errors (MAPE) between two cross-
survey methods at a time. The value of the mean percentage error is dependent on which
estimate is used as a reference. Consequently, for each pair of cross-survey methods, I
calculated two indicators using these two methods alternatively. This analysis indicates

that the closest estimates are the ones obtained with PDCS and BMRP (MAPEs between
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PDCS and BMRP estimates are 16% and 21%, while MAPEs between MACS and any of
the other two methods are at least 46%). Table 4.6.6 presents these results.
Table 4.6.6

Mean Absolute Percent Errors (MAPE) between the Cross-Survey Methods.

Cross Survey Methods MAPE 1 MAPE 2

MACS vs PDCS 156 47
MACS vs BMRP 123 48
PDCS vs BMRP 16 21

Figures 4.6.1 and 4.6.2 show the estimates of the adult Jewish population for the
20 largest metropolitan areas generated with the three cross-survey methods based on
data from the US2011 batch. Figure 4.6.1 displays the estimates for the first ten
metropolitan areas, and Figure 4.6.2, for the remaining ten. Along with these estimates,
the figures show the 95% confidence intervals.

In 65% of the metropolitan areas (areas 1, 2, 3,6,7,8,9, 11,12, 17,18, 19, and
20) the PDCS method produced the highest estimates, followed by BMRP. MACS
estimates, in turn, are highest for 25% of the metropolitan areas (areas 4, 5, 13, 15, and
16). These five metropolitan areas have some of the smallest Jewish population
estimates. The BMRP estimate is the highest only for one metropolitan area (metro10).
In terms of precision, confidence intervals are smallest for MACS estimates (for all

metropolitan areas), followed by BMRP estimates.
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Figure 4.6.1. Estimates of the proportions of the adult Jewish population for the

ten largest metropolitan areas generated with the three cross-survey methods based on

data from the US2011 batch.
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Figure 4.6.2. Estimates of the proportions of the adult Jewish population for

metropolitan areas 11 to 20 generated with the three cross-survey methods based on data

from the US2011 batch.
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Chapter 5: Discussion

The goal of this study was to evaluate the operating characteristics of three
different methods of cross-survey analysis in order to determine their suitability for
estimating the proportions of low-incidence population groups. Cross-survey analysis
offers an approach to generating low-incidence population estimates not readily available
in today's census without conducting targeted, costly surveys to estimate group size
directly. While the use of this methodology is growing (e.g., Gelman, 2009; Tighe et al.,
2010), there is limited research on the accuracy of the different methods and on their
relative strengths and weaknesses. This study presents an empirical example of their
application.

The three cross-survey methods reviewed were meta-analysis of complex surveys
(MACS), pooled design-based cross-survey (PDCS), and Bayesian multilevel regression
with post-stratification (BMRP). I assessed their accuracy and precision through
comparisons between the estimates of the proportions of low-incidence religious groups
obtained with each of them, and benchmark estimates. Specifically, the proportions of
the Canadian adult Jewish population generated with each cross-survey method (using
data from nationally representative surveys of the Canadian population from two time
periods) were compared with estimates of the same population generated by the Canadian
Census and National Household Survey (NHS).

In addition, I determined the stability of the estimates produced with these
methods by comparing two different estimates of the proportions of the adult Jewish
population in the twenty largest U.S. metropolitan areas. These estimates were calculated

based on data included in two equivalent subsamples of nationally representative surveys
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of the adult U.S. population. This final chapter reviews the findings, discusses the
limitations of the study, and provides recommendations for future research.
Review of the findings

The findings indicate that cross-survey methods have the potential to produce
accurate and precise estimates of low-incidence populations. Under the right conditions,
cross-survey methods can generate accurate and precise estimates, as is the case with the
BMREP estimates of the proportions of the adult Jewish population in Canadian
metropolitan areas for 2001 [mean percent error (MAPE) of less than 4%]. Nonetheless,
the level of accuracy and precision of the estimates varies depending on the conditions
under which they are produced. This section offers some general remarks about the
findings of the study and discusses each method.

Recall that the Canadian Jewish population estimates were obtained for four main
scenarios in order to assess the accuracy and precision of the three cross-survey methods.
The four scenarios differ in (a) the data batch used (number of surveys, number of
respondents, and year of the survey) and (b) the level of the geographical areas for which
estimates were generated. The first scenario contained data from forty-four surveys
conducted between 1997 and 2004, and the geographical areas considered were the three
largest Canadian metropolitan areas: Montreal, Toronto, and Vancouver. The second
included data from forty-three surveys administered between 1997 and 2004, and the
geographical areas examined were the four Canadian provinces with the largest
proportions of this population, namely, Quebec, Ontario, Manitoba, and British
Columbia. The third scenario comprised data from ten surveys conducted between 2006

and 2014, and the geographical areas analyzed were the above-mentioned metropolitan
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areas. Lastly, the fourth scenario contained data from seventeen surveys administered

between 2006 and 2014, and the geographical areas considered were the four above-

mentioned Canadian provinces.

As will be discussed later, the accuracy and precision of the estimates generated

by the three cross-survey methods, BMRP in particular, are tied to the amount and type

of data included in each analysis. Figure 5.1 presents the estimates of the proportions of

the adult Jewish population calculated with the three methods for the four scenarios. It

also includes the 2001 census estimates and the 2011 NHS estimates, which were used as

benchmarks.
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Figure 5.1 Comparisons between estimates of the proportions of the adult Jewish

population (MACS, PDCS, BMRP) across the four scenarios of the study, and the 2001

census and 2011 NHS estimates.
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The most accurate estimates of the adult Jewish population in Canada obtained in
this study are the 2001 metropolitan area estimates produced by the BMRP method. [The
MAPE for the BMRP estimates for 2001 survey data from the three metropolitan areas is
less than 4%, compared to 14% to 73% for all other MAPEs]. No other cross-survey
method under any conditions generated estimates with mean percent errors lower than
10%. Nonetheless, PDSC produced relatively accurate estimates (MAPE between 10%
and 30%) in all four scenarios, as did BMRP for the adult Jewish population in the three
metropolitan areas for 2011 (MAPE=25%) and in the four provinces for 2001
(MAPE=28%). Tables 5.1 to 5.4 display the comparisons between 2001 census and
NHS estimates and cross-survey estimates of the adult Jewish population across the four
scenarios of the study.

Table 5.1

Comparisons between Ca2001 Cross-Survey Estimates of the Proportions of the Adult

Jewish Population in Metropolitan areas and 2001 Census Estimates

2001
Census MACS PDCS BMRP
Estimates  Est. Err E Est. Err PE  Est. Err PE
Montreal 0.027 0.010 -0.017 -62 0.018 -0.008 -31 0.027 <0.000 O
Toronto 0.035 0.026 -0.010 -28 0.029 -0.007 -19 0.035 <0.000 O

Vancouver 0.010  0.005 -0.005 -51 0.010 0.000 1 0.011 0.001 11

Table 5.2

Comparisons between Ca2011 Cross-Survey Estimates of the Proportions of the Adult
Jewish Population in Metropolitan areas and 2011 NHS Estimates

2011 NHS MACS PDCS BMR

Estimates Est Err PE Est Err PE PEst Err PE
Montreal 0.021 0.015 -0.007 -32 0.018 -0.004 -18 0.013 -0.008 -38
Toronto 0.030 0.024 -0.005 -18 0.030 0.001 2 0.023 -0.006 -21

Vancouver 0.008 0.021 0.013 169 0.010 0.002 22 0.007 -0.001 -14
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Comparisons between Ca2001 Cross-Survey Estimates of the Proportions of the Adult

Jewish Population in the Provinces and 2001 Census Estimates

2001
Census MACS PDCS BMRP
Estimates Est Err PE  Est. Err PE Est Err PE
Quebec 0.013 0.005 -0.008 -58 0.008 -0.005 -35 0.007 -0.006 -43
Ontario 0.017 0.011 -0.006 -34 0.015 -0.002 -11 0.015 -0.003 -15
Manitoba 0.013 0.011 -0.003 -20 0.015 0.002 16 0.015 0.002 12
BC 0.006  0.007 0.001 22 0.008 0.002 34 0.009 0.003 44

Table 5.4

Comparisons between Ca2011 Cross-Survey Estimates of the Proportions of the Adult

Jewish Population in the Provinces and 2011 NHS Estimates

2011
Census MACS PDCS BMRP
Estimates Est Err PE Est Err PE Est Err PE
Quebec 0.010 0.008 -0.003 -24 0.008 -0.002 -23 0.006 -0.004 -42
Ontario 0.015 0.016 0.001 9 0.016 0.002 10 0.012 -0.002 -16
Manitoba 0.011 0.006 -0.004 -42 0.009 -0.002 -17 0.011 <0.000 -1
BC 0.005 0.007 0.002 47 0.007 0.002 39 0.012 0.007 153

In general, estimates obtained with PDCS and BMRP were more accurate than the

ones generated by MACS. Interestingly, the three methods underestimated the

proportion of the adult Jewish population in Quebec and overestimated the proportion of

this population in British Columbia for both time periods, although with different results.

These results (underestimation and overestimation of the provincial estimates) may be

linked to the size and distributions of the total population in the provinces or to the level

of incidence of the Jewish population in these areas. As expected, due to the smaller
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number of surveys and of individual respondents, the confidence intervals are larger for
the 2011 estimates. As will be described later, the relation between condition and
precision differed across methods. As indicated by the coefficients of variation, the
relative precision of all the cross-survey methods is higher for the metropolitan area
estimates generated with data from the Ca2001 batch. In the other three scenarios, CVs
are smaller for the PDCS method. Table 5.4 shows the coefficients of variation
associated with the three cross-survey methods across the four scenarios of the study.
Table 5.5

Coefficients of Variation for the Three Cross-Survey Methods

Ccv Ccv cve Ccv Ccv cve
Ca2001 Ca2001 Ca2001 Ca2011 Ca2011 Ca2011
MACS PDCS BMRP MACS PDCS BMRP

Metropolitan area

Montreal 11.3 7.9 7.9 52.0 20.2 29.2
Toronto 55 5.7 5.7 314 14.1 28.4
Vancouver 14.7 13.3 13.3 61.6 37.6 50.7
Province
Quebec 19.3 9.9 219 33.2 11.3 25.5
Ontario 10.3 6.4 20.2 14.5 6.4 23.7
Manitoba 13.8 14.3 25.1 47.5 22.2 23.8
BC 19.5 12.5 23.2 51.6 19.7 23.7

Note: * CV, the coefficient of variation, is calculated as the SE over the mean for
estimates generated with the MACS and PDCS methods and as SD over the mean for
estimates obtained with the BMRP method.

As noted earlier, the stability of the cross-survey methods was assessed by
comparing the estimates produced with two parallel subsamples of the US adult
population in the twenty largest metropolitan areas. The percentage differences between

the estimates of the two subsamples were 15% for the BMRP method, 21% for the PDCS

method, and 49% for the MACS method.
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More research is needed to better understand the factors associated with the
accuracy, precision, and stability of low-incidence population estimates generated with
cross-survey methods. Still, this study sheds light on some of the strengths and
limitations of these methods. What follows is a discussion of the findings.
Meta-Analysis of Complex Surveys

Results suggest that under the conditions of this study, the MACS method is not
well suited for the estimation of low-incidence populations. The accuracy of the
estimates of the adult Jewish population generated with this method was found to be
relatively low for all four scenarios. The MAPE associated with the estimates of the
adult Jewish population in the four scenarios of the study was larger than 30% (Ca2001
metropolitan area MAPE = 47%; Ca2001 province MAPE = 34%; Ca2011 metropolitan
area MAPE = 73%; and Ca2011 province MAPE = 31%). Most of the estimates obtained
with this method were lower than census and NHS values, the exception being the 2001
and 2011 British Columbia estimates and the 2011 Vancouver and Ontario estimates,
which overestimated these populations. The 2001 census estimates were outside the 95%
CI for all geographical areas except for British Columbia. 2011 NHS estimates, instead,
were within the 95% CI in all cases, which is not surprising given the low precision of the
2011 estimates.

The precision of the estimates was relatively high for 2001, but not so for 2011.
The differences in precision were especially pronounced for metropolitan area estimates.
The variability of the estimates, measured by the coefficient of variation, differed within
each scenario. It ranged from low (less than 15%) to very high (larger than 30%) (CVs

for Ca2001 metropolitan areas ranged from 6 to 15%; for Ca2001 provinces, from 10 to
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20%; for Ca2011 metropolitan areas, from 31 to 62%; and for Ca2011 provinces, from 15
to 52%).

In terms of stability, a large discrepancy was found between the estimates of the
proportions of the adult Jewish population in the U.S. metropolitan areas obtained with
the two parallel subsamples. The absolute percentage difference between the two
samples varied between 5% and 200%, with half of the percentage differences being
higher than 40%.

It is worth recalling here that the meta-analysis of complex surveys follows a
separate approach; estimates generated for each survey are combined to create the cross-
survey estimate. This method is thus more sensitive to the characteristics of individual
surveys, especially when their number is small. In addition, given the low incidence of
the Jewish population, this method might be more vulnerable to the sample sizes of the
surveys from the individual geographical areas included in the study. These two factors
might explain why the MACS method tended to underestimate this population. At the
same time, its extreme overestimation of the 2011 adult Jewish population in Vancouver
may be associated with the large number of surveys with zero Jewish respondents.
Overall, further research is needed to determine the best way to combine surveys with
zero low-incidence population. Although the alternative method suggested in this study
does facilitate the inclusion of these surveys in the analysis, it may have altered results.

Given that results suggest that under certain conditions (such as the conditions in
the four scenarios considered here), the MACS method is not well suited for the
estimation of low-incidence religious populations, more research is needed to identify the

factors associated with the accuracy and stability of the estimates generated by this
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method. Unlike PDCS and BMRP, MACS does not require individual records to produce
estimates; these can be generated as long as there are survey level estimates (point
estimates and variances) and design effects available for each survey. It is, therefore,
worth investigating further how MACS-generated estimates relate to the different survey
characteristics and under which conditions this method might produce more accurate
results.
Pooled Design-Based Cross-Survey Method

The pooled design-based cross-survey method seems to be well suited to generate
estimates of low-incidence populations with relatively good accuracy and precision. The
method did produce estimates with absolute percentage errors (APE) lower than 15%, for
example, the 2001 and 2011 estimates for Ontario. The MAPE associated with the
estimates of the adult Jewish population in all four scenarios ranged from 14% to 24%
(Ca2001 metropolitan area PDCS = 17%; Ca2001 province PDCS = 24%; Ca2011
metropolitan area PDCS = 14%; and Ca2011 province MAPE = 22%). Four of the
estimates generated with this method where highly accurate; their APEs were lower than
15% (2001 Vancouver, 2001 and 2011 Ontario, and 2011 Toronto estimates). At the
same time, four estimates had APEs larger than 30% (2001 Montreal, Quebec, British
Columbia, and 2011 British Columbia).These results point to the fact that the method
does have the potential to produce accurate estimates under the conditions of the four
different scenarios. Nonetheless, it is not clear under which conditions this method
produces accurate estimates and under which conditions it does not.

The 2001 estimates obtained with this method were lower than the 2001 census

estimates for Montreal, Toronto, Quebec, and Ontario, and higher than these estimates for
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Manitoba and British Columbia. The areas where the population was underestimated
have relatively larger populations as well as larger proportions of adult Jewish
population, which suggests that there might be a connection between these factors and the
method's accuracy. Nonetheless, this pattern was not found among the 2011 estimates.
PDCS estimates for Montreal and Quebec were indeed lower than NHS estimates, but the
estimates for Ontario and Toronto were not; they were very close to NHS estimates
(PE=2 and PE=10 respectively).

The precision of the 2001 PDCS estimates for the metropolitan areas is higher
than that of the 2011 PDCS estimates for the same areas, but there is almost no difference
between the precision of the 2001 and the 2011 PDCS estimates for the four provinces.
The variability of the 2001 estimates, measured by the coefficient of variation, was low
(less than 15%). The variability of the 2011 estimates, in turn, ranged from 6 to 22% for
the provinces and from 14 to 38% for the metropolitan areas. Concerning stability, the
percentage differences between the estimates generated with the two parallel subsamples
ranged from 0 to 51%, with more than half of such differences being lower than 20%.

The precision and variability of the metropolitan area estimates seem to be related
to the number of surveys and respondents included in the analysis. The standard error of
2001 metropolitan area estimates ranged from .0013 to .0016, and the coefficients of
variation, from 6 to 13%. By contrast, the standard error of 2001 metropolitan area
estimates ranges from .0035 to .0043, and the coefficient of variation, from 14 to 38%.
The differences in precision and variability between the 2001 and the 2011 provincial
estimates are much smaller. The results of the study suggest that the method has the

potential for generating accurate and precise estimates of low-incidence populations. It is
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not clear, however, which factors affect their accuracy, precision and stability. More
research is needed in this respect.
Bayesian Multilevel Regression with Post-Stratification

Among the cross-survey methods compared in this study, the Bayesian multilevel
regression with post-stratification method overall generated the most accurate estimates
of adult Jewish population in Canada. This method produced very accurate and precise
estimates of the proportions of the adult Jewish population for the Canadian metropolitan
areas with 2001 data (APE of less than .01% for Montreal and Toronto and of 11% for
Vancouver). However, the 2011 estimates of this population in the three metropolitan
areas, as well as the 2001 and 2011 estimates in the four Canadian provinces, varied more
in accuracy and precision.

In terms of accuracy, the MAPE for metropolitan area estimates generated with
data from the Ca2001 batch was less than 4%; for metropolitan area estimates produced
with data from the Ca2011 batch, 24%, for provincial estimates obtained with data from
the Ca2001 batch, 28%; and for provincial estimates generated with data from the
Ca2011 batch, 53%. 2001 census estimates were within the credible intervals for all
2001 metropolitan area estimates and provincial estimates, except for Quebec. 2011
NHS estimates where within the credible intervals for all 2011 metropolitan area
estimates and for the provinces of Toronto and Manitoba.

As was the case with PDCS estimates, the precision of the 2001 BMRP estimates
for the metropolitan areas was higher than that of the 2011 BMRP estimates for the same
areas. At the same time, the differences between the precisions of the 2001 and the 2011

BMREP estimates for the four provinces was smaller than for the metropolitan areas. The
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variability of the estimates, measured by the coefficients of variation, was low for the
2001 estimates (ranging from 5 to 13%), and higher for the 2011 metropolitan area
estimates (from 29% to 51%). The difference between the variability of the 2001 and
2011 provincial estimates was small; CVs for the 2001 estimates ranged from 20 to 25%,
and CVs for the 2011 estimates, from 24 to 26%.

With regard to stability, assessed by determining the difference between the
estimates of the adult Jewish population in U.S. metropolitan areas obtained with two
parallel subsamples, it varied between 0 and 20% for seventeen of the twenty
metropolitan areas. Credible intervals of the estimates for the two subsamples overlap for
all but one of the areas.

In view of the summary of results presented above, there are differences in
accuracy, precision, and variability among the estimates produced in each of the four
scenarios of the study. While all the Ca2001 BMRP estimates of the adult Jewish
population in metropolitan areas were very accurate and precise and had low variability,
results are not so clear for the other scenarios. These differences could be attributed to
the conditions in each of the tested scenarios. The results of the study suggest (a) a
relation between the number of surveys and respondents included in the analysis and the
accuracy and precision of the estimates, and (b) a relation between the magnitude of the
estimates and the level of geography considered.

Recall that estimates generated with BMRP are obtained through Bayesian
hierarchical modeling. Data sets with a large number of surveys and respondents allow
for more precise and accurate estimation of model parameters. This procedure may

explain why estimates based on data from the Ca2001 batch were more accurate and
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precise than the ones produced with data from the Ca2011 batch. Estimates are also
sensitive to the level of geographical area considered in the model. The distribution of
the Jewish population in a province is far from homogeneous; it varies depending on the
type of location (i.e. metropolitan, suburban, or rural) as well as on the size of the
community. Unfortunately most of the surveys found did not include variables that allow
the identification of type and size of location other than largest metropolitan areas
(Montreal Toronto and Vancouver, and sometimes Calgary). This may be the reason
behind the lower accuracy of the 2001 estimates for the provinces compared to the 2001
estimates for the metropolitan areas. Nonetheless, additional research should be
conducted to identify the factors associated with the much-higher-than-expected

estimates of the 2011 adult Jewish population in British Columbia.

Limitations of the study
There are a number of limitations to this study. What follows is a discussion of
these limitations.

J Number of surveys: As is evident from the results of the study, the amount of
data available to generate estimates affects the precision and variability of these
estimates. Furthermore, given the nature of the MACS method, having
additional surveys reduces the influence that the estimates of a single survey
might have on cross-survey estimates. Finally, at least in the case of BMRP,
results indicate that the accuracy of the estimates is associated with the amount

of data used to generate them.
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J Survey time-periods: Due to the relatively small number of surveys available to
conduct the study, surveys administered in a period of seven years were
collected in the same dataset. Although the preliminary analysis showed no
correlations between the survey estimates of the adult Jewish population and the
year the study was conducted, changes in the population analyzed may have
occurred during this period.

o Survey sample sizes: The sample size of the surveys contained in the datasets
were quite varied; some were as low as five hundred. In the estimation of low-
incidence populations, the inclusion of surveys with small sample sizes may
introduce bias into the estimation of less-populated areas, thus limiting the
validity of the results, especially when applying MACS.

o Level of geographical information: It was difficult to find surveys that would
allow for the identification of the size and location of respondents' residence
beyond the largest metropolitan areas. The absence of these variables in the
BMRP province models might have reduced the accuracy of the estimates.

Moreover, the voluntary nature of the 2011 NHS, which may have introduced bias
to the 2011 estimates of the Jewish population, is another limitation of the study. The
validity of the assessments of the accuracy and precision of 2011 estimates may have
been affected by this bias.

Lastly, the generalizability of the study may be limited due to the nature of the
low-incidence population being assessed. Questions regarding religious identification
may be more susceptible to respondent interpretation than other types of questions used

to identify low-incidence populations (e.g., questions about medical conditions).
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Recommendations for future research

The results of this study have shown that cross-survey methods have the potential
for generating estimates that are reasonably accurate and precise. Nonetheless, more
research is needed to better understand the factors that might affect the quality of the
estimates generated by each method. To this end, the current study may be expanded in
four different ways: (a) by introducing simulated data for both surveys and respondents
to facilitate a better understanding of sample-related factors that may affect the
operational characteristics of the cross-survey methods; (b) by in-depth analysis of the
distribution of estimates of the adult Jewish population within each survey and its impact
on cross-survey estimates; (c) by estimating the proportions of other religious groups
with the data used in this study; and (d) by exploring the possibility of combining and
complementing the estimates generated by the various methods, taking advantage of their
individual strengths to improve the estimation of low-incidence populations.

Future research can also benefit from further exploration into potential diagnostic
tools that could be used to evaluate the sufficiency of available data for generating
population estimates using cross-survey methods. These diagnostic tools can include
those related to the assessment of "power", having sufficient sample sizes in terms of the
number of independent surveys and the number of observations within surveys, as well as
model-fitting in terms of having the appropriate sampling and other variables needed to
generate accurate estimates.

Final conclusions
Cross-survey methods were found to be suitable for the estimation of low-

incidence populations; more specifically, of a low-incidence religious group. The results
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of the study show that with sufficient data, in terms of both numbers of surveys and
respondents, as well as auxiliary variables available for analysis, the Bayesian multilevel
regression with post-stratification cross-survey method generates accurate and precise
estimates of low-incidence religious groups. The study also shows that the pooled
design-based cross-survey method generates relatively accurate and precise estimates.
Additional research is needed, however, to better understand under what circumstances
the method generates accurate and precise estimates and under what circumstances it
does not. The meta-analysis of complex surveys method was found to be less suitable for
estimating low-incidence populations under the conditions of this study. Although it
generated precise estimates, these were less accurate than the ones produced by the other
two methods.

The study was motivated by (a) the need to find alternative methodologies to
estimate the size and distribution of low-incidence populations, especially those
populations that are not measured directly by a national census; (b) the need to further
understand the potential use and limitations of cross-survey methods for the estimation of
low-incidence populations; and (c) the importance of the study of religious groups in the
context of the scant availability of information on religious features in the US census.
Although more research is needed to reach a greater understanding of the mechanisms
that affect the accuracy and precision of estimates generated by cross-survey methods,
the findings clearly show that these methods constitute a viable strategy for the
estimation of low-incidence populations and, in particular, of low-incidence religious

groups.
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Appendix B: Survey Level Variables Calculated for each Geographical Area
Included in the Study

Table B.1
Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in Toronto

Sample ir(;)trl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV  Sample
Size Jewish .
. Size
Population

12440402 6426 0.031 0.0002 0.002 0.027 0.036 1.00 7.66 5307
12450103 156 0.013 0.0065 0.009 0.003 0.051 1.94 70.28 294
12451003 151 0.019 0.0062 0.011 0.006 0.057 1.81 57.34 280
12454100 151 0.019 0.0064 0.011 0.006 0.059 1.83 57.33 277
12454101 164 0.037 0.0059 0.015 0.017 0.080 1.80 40.23 288
12454198 152 0.059 0.0062 0.019 0.031 0.110 1.45 32.34 221
12454199 149 0.062 0.0066 0.020 0.032 0.116 1.88 32.57 271
12454200 156 0.006 0.0064 0.006 0.001 0.044 1.83 99.70 277
12454201 154 0.044 0.0061 0.016 0.021 0.090 1.74 37.01 271
12454298 153 0.059 0.0062 0.019 0.031 0.109 1.46 32.35 224
12454299 152 0.032 0.0063 0.014 0.013 0.075 1.75 44.58 275
12454300 157 0.027 0.0087 0.015 0.009 0.080 1.73 57.18 191
12454301 154 0.019 0.0063 0.011 0.006 0.058 1.77 57.42 272
12454398 155 0.032 0.0062 0.014 0.013 0.075 1.45 44.01 225
12454399 147 0.012 0.0060 0.009 0.003 0.047 1.67 70.37 278
12454400 148 0.019 0.0063 0.011 0.006 0.058 1.80 57.30 274
12454401 149 0.066 0.0063 0.020 0.036 0.119 1.79 30.82 263
12454498 161 0.050 0.0059 0.017 0.025 0.096 1.40 34.48 227
12454499 178 0.008 0.0040 0.006 0.002 0.031 1.14 70.61 277
12470300 244 0.025 0.0040 0.010 0.011 0.054 1.77 40.42 416
124910504 393 0.000 0.00 460
124911000 289 0.032 0.0038 0.011 0.016 0.062 1.48 34.26 369
124930100 114 0.004 0.0043 0.004 0.001 0.030 0.53 100.21 120
124930200 116 0.010 0.0052 0.007 0.002 0.040 0.56 71.36 104
124930300 114 0.019 0.0075 0.012 0.006 0.064 0.91 62.71 117
124930400 119 0.019 0.0093 0.013 0.005 0.072 1.18 70.71 125
124930499 126 0.009 0.0093 0.009 0.001 0.064 1.23 99.60 126
124930500 108 0.037 0.0096 0.019 0.013 0.098 0.99 51.08 97
124930599 118 0.015 0.0092 0.012 0.003 0.068 1.18 77.88 121
124930600 126 0.028 0.0066 0.014 0.011 0.072 0.87 48.45 126
124930700 107 0.006 0.0056 0.006 0.001 0.039 0.62 100.10 109
124930799 116 0.045 0.0094 0.020 0.018 0.107 1.17 45.78 115
124930800 111 0.016 0.0070 0.011 0.004 0.057 0.79 66.37 110
124930899 112 0.015 0.0049 0.008 0.005 0.045 0.58 58.07 115
124930900 108 0.026 0.0087 0.015 0.008 0.079 1.09 57.31 118
124931000 115 0.023 0.0074 0.013 0.007 0.068 0.88 57.26 112
124931099 108 0.035 0.0114 0.020 0.011 0.104 1.31 56.68 110
124931100 114 0.036 0.0122 0.021 0.011 0.109 1.48 58.42 112
124931199 116 0.018 0.0090 0.013 0.004 0.070 1.12 70.41 120
124931200 117 0.044 0.0100 0.021 0.017 0.110 1.25 47.57 116
124950702 70 0.038 0.0123 0.022 0.012 0.112 0.90 56.88 69
124970197 243 0.038 0.0054 0.014 0.018 0.078 1.99 37.66 362

124990300 96 0.000 0.00 139
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Table B.2
Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in Montreal

Sample ir(;)trl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV  Sample
Size Jewish .
. Size
Population

12440402 3162 0.024 0.0003 0.003 0.019 0.029 1.14 11.10 3843
12450103 164 0.007 0.0070 0.007 0.001 0.048 1.21 99.63 171
12451003 163 0.006 0.0064 0.006 0.001 0.044 1.13 99.70 170
12454100 155 0.021 0.0068 0.012 0.007 0.062 1.51 57.14 214
12454101 159 0.020 0.0067 0.012 0.007 0.061 1.53 57.36 223
12454198 174 0.006 0.0057 0.006 0.001 0.040 1.03 99.74 179
12454199 171 0.039 0.0056 0.015 0.018 0.081 1.44 38.19 248
12454200 146 0.000 0.00 200
12454201 171 0.005 0.0053 0.005 0.001 0.037 1.29 99.79 239
12454298 175 0.000 0.00 189
12454299 150 0.059 0.0072 0.021 0.030 0.116 1.79 34.83 239
12454300 146 0.006 0.0064 0.006 0.001 0.044 1.10 99.74 170
12454301 164 0.021 0.0068 0.012 0.007 0.062 1.61 57.09 232
12454398 155 0.032 0.0062 0.014 0.013 0.075 1.20 44.01 186
12454399 175 0.032 0.0064 0.014 0.013 0.075 1.65 44.85 254
12454400 163 0.011 0.0053 0.008 0.003 0.042 1.31 70.41 239
12454401 160 0.019 0.0065 0.011 0.006 0.059 1.52 57.98 225
12454498 164 0.000 0.00 184
12454499 166 0.004 0.0038 0.004 0.001 0.027 0.92 99.99 233
12470300 302 0.020 0.0047 0.010 0.008 0.051 1.85 48.38 374
124910504 328 0.003 0.0016 0.002 0.001 0.013 0.58 70.74 342
124911000 431 0.006 0.0033 0.005 0.002 0.026 1.08 71.85 313
124930100 107 0.017 0.0088 0.012 0.004 0.068 0.86 72.12 94
124930200 105 0.016 0.0084 0.012 0.004 0.064 0.82 72.05 94
124930300 107 0.009 0.0093 0.009 0.001 0.064 0.98 99.70 102
124930400 103 0.031 0.0083 0.016 0.011 0.084 0.84 51.91 99
124930499 105 0.014 0.0050 0.008 0.005 0.045 0.49 58.77 94
124930500 107 0.011 0.0112 0.011 0.002 0.076 1.21 99.50 104
124930599 101 0.010 0.0103 0.010 0.001 0.070 1.04 99.63 96
124930600 104 0.011 0.0105 0.011 0.001 0.072 1.15 99.57 107
124930700 97 0.013 0.0129 0.013 0.002 0.087 1.23 99.39 93
124930799 101 0.010 0.0104 0.010 0.001 0.071 1.12 99.64 103
124930800 100 0.000 0.00 89
124930899 104 0.010 0.0104 0.010 0.001 0.071 0.99 99.64 94
124930900 99 0.030 0.0085 0.016 0.010 0.083 0.82 53.78 90
124931000 113 0.004 0.0043 0.004 0.001 0.030 046 100.15 104
124931099 106 0.000 0.00 99
124931100 96 0.042 0.0168 0.026 0.012 0.138 1.68 63.65 92
124931199 106 0.020 0.0097 0.014 0.005 0.076 1.00 70.12 99
124931200 100 0.000 0.00 92
124950702 46 0.000 0.00 59
124970197 350 0.029 0.0037 0.010 0.015 0.058 1.23 35.50 329

124990300 136 0.000 0.00 137
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Table B.3
Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in Vancouver

Sample ?(:\?vri);)lftlon Weighted
Survey Id . Var SE CIL CIH DEFF CV  Sample
Size Adult .
. Size
Population

12440402 2681 0.004 0.0004 0.001 0.002 0.007 0.90 32.31 2193
12450103 88 0.012 0.0122 0.012 0.002 0.082 1.24 99.36 100
12451003 94 0.031 0.0104 0.018 0.010 0.094 1.17 57.62 105
12454100 88 0.021 0.0105 0.015 0.005 0.082 1.06 70.09 97
12454101 93 0.042 0.0105 0.021 0.016 0.109 1.10 49.72 99
12454198 89 0.011 0.0111 0.011 0.002 0.076 0.95 99.47 84
12454199 96 0.022 0.0107 0.015 0.005 0.083 1.16 70.06 107
12454200 95 0.000 0.00 105
12454201 96 0.022 0.0107 0.015 0.005 0.083 1.17 70.01 106
12454298 83 0.024 0.0118 0.017 0.006 0.091 0.95 69.87 79
12454299 91 0.008 0.0076 0.008 0.001 0.052 0.75 99.86 101
12454300 100 0.000 0.00 106
12454301 95 0.000 0.00 105
12454398 82 0.037 0.0118 0.021 0.012 0.107 1.04 56.69 86
12454399 92 0.015 0.0076 0.011 0.004 0.059 0.80 72.26 104
12454400 106 0.021 0.0102 0.015 0.005 0.079 1.16 70.18 110
12454401 89 0.009 0.0089 0.009 0.001 0.061 0.88 99.72 97
12454498 93 0.022 0.0105 0.015 0.005 0.082 0.93 69.97 88
12454499 95 0.012 0.0117 0.012 0.002 0.079 1.40 99.52 114
12470300 140 0.023 0.0064 0.012 0.008 0.064 1.20 52.31 178
124910504 180 0.009 0.0048 0.006 0.002 0.036 0.80 74.36 160
124911000 117 0.009 0.0090 0.009 0.001 0.062 1.35 99.62 143
124930100 56 0.000 0.00 53
124930200 48 0.000 0.00 41
124930300 55 0.000 0.00 53
124930400 49 0.012 0.0124 0.012 0.002 0.084 0.66  100.09 53
124930499 55 0.040 0.0191 0.028 0.010 0.146 1.09 69.50 53
124930500 56 0.009 0.0094 0.009 0.001 0.064 0.54 100.18 56
124930599 56 0.019 0.0184 0.019 0.003 0.122 1.04 99.33 53
124930600 57 0.000 0.00 52
124930700 52 0.000 0.00 49
124930799 57 0.010 0.0095 0.010 0.001 0.065 0.59 100.19 59
124930800 56 0.036 0.0174 0.025 0.009 0.133 1.08 69.76 59
124930899 47 0.022 0.0213 0.021 0.003 0.139 1.00 99.22 45
124930900 43 0.000 0.00 39
124931000 58 0.000 0.00 53
124931099 52 0.000 0.00 43
124931100 59 0.000 0.00 58
124931199 52 0.000 0.00 50
124931200 53 0.011 0.0110 0.011 0.002 0.075 0.56 100.01 49
124950702 26 0.000 0.00 26
124970197 213 0.012 0.0035 0.007 0.004 0.035 0.73 52.80 212

124990300 59 0.000 0.00 84
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Table B.4

Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in Quebec

Sample PArc?fl(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population

12450101 409 0.011 0.0036 0.006 0.003 0.033 1.52 58.19 410
12450103 420 0.003 0.0030 0.003 0.000 0.021 1.21 99.85 402
12451003 411 0.003 0.0028 0.003 0.000 0.020 1.13 99.87 385
12454100 413 0.011 0.0036 0.006 0.004 0.034 1.51 57.38 404
12454101 406 0.011 0.0037 0.006 0.004 0.034 1.53 57.58 405
12454198 428 0.002 0.0023 0.002 0.000 0.016 1.03 99.92 438
12454199 433 0.023 0.0031 0.008 0.011 0.046 1.38 36.72 448
12454200 401 0.000 0.00 389
12454201 428 0.003 0.0030 0.003 0.000 0.021 1.28 99.86 429
12454298 442 0.000 0.00 452
12454299 414 0.032 0.0040 0.011 0.016 0.064 1.78 35.27 440
12454300 386 0.002 0.0024 0.002 0.000 0.017 1.10 99.92 448
12454301 413 0.014 0.0035 0.007 0.005 0.036 1.50 50.92 417
12454398 417 0.015 0.0026 0.006 0.007 0.033 1.14 41.26 442
12454399 440 0.021 0.0033 0.008 0.010 0.046 1.53 39.28 458
12454400 422 0.006 0.0029 0.004 0.001 0.023 1.30 70.51 436
12454401 409 0.011 0.0036 0.006 0.003 0.033 1.52 58.19 410
12454498 426 0.000 0.00 442
12454499 420 0.004 0.0019 0.003 0.001 0.015 0.84 71.14 417
12470300 703 0.008 0.0020 0.004 0.003 0.022 1.85 48.72 895
124910504 943 0.006 0.0009 0.002 0.003 0.013 0.90 37.41 960
124911000 1130 0.010 0.0013 0.004 0.005 0.020 1.09 35.11 825
124930100 225 0.011 0.0038 0.006 0.003 0.034 0.79 59.14 203
124930200 230 0.007 0.0035 0.005 0.002 0.027 0.82 72.24 227
124930300 233 0.004 0.0043 0.004 0.001 0.030 0.98 99.88 223
124930400 215 0.015 0.0040 0.008 0.005 0.041 0.83 52.07 206
124930499 232 0.006 0.0021 0.004 0.002 0.019 0.49 58.74 221
124930500 230 0.005 0.0052 0.005 0.001 0.036 1.21 99.80 228
124930599 228 0.005 0.0046 0.005 0.001 0.032 1.04 99.86 215
124930600 228 0.005 0.0049 0.005 0.001 0.034 1.15 99.83 228
124930700 218 0.006 0.0055 0.006 0.001 0.039 1.23 99.78 218
124930799 222 0.005 0.0049 0.005 0.001 0.034 1.12 99.84 220
124930800 220 0.000 0.00 210
124930899 222 0.007 0.0039 0.005 0.002 0.030 0.85 72.69 214
124930900 223 0.013 0.0038 0.007 0.004 0.037 0.81 54.07 205
124931000 238 0.002 0.0020 0.002 0.000 0.014 046 100.11 229
124931099 220 0.000 0.00 214
124931100 216 0.019 0.0079 0.012 0.005 0.066 1.69 64.61 203
124931199 230 0.009 0.0044 0.006 0.002 0.035 1.00 70.50 222
124931200 220 0.000 0.00 218
124950503 112 0.027 0.0177 0.022 0.005 0.124 1.97 81.39 113
124950702 111 0.000 0.00 110
124970197 898 0.012 0.0014 0.004 0.006 0.024 1.21 33.78 855

124990300 440 0.000 0.00 416
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Table B.5
Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in Ontario

Sample ir(;)fl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population

12450101 484 0.031 0.0026 0.009 0.017 0.054 1.71 28.89 634.52
12450103 491 0.006 0.0029 0.004 0.001 0.023 1.94 70.50 661.01
12451003 485 0.008 0.0027 0.005 0.003 0.025 1.80 57.57 640.09
12454100 484 0.012 0.0024 0.005 0.005 0.028 1.63 45.49 650.60
12454101 507 0.017 0.0025 0.007 0.008 0.036 1.72 38.14 671.63
12454198 449 0.025 0.0021 0.007 0.014 0.045 1.36 28.92 623.30
12454199 460 0.032 0.0027 0.009 0.018 0.056 1.78 29.11 642.43
12454200 502 0.006 0.0022 0.004 0.002 0.020 1.48 58.73 658.95
12454201 499 0.018 0.0026 0.007 0.009 0.038 1.74 37.43 655.29
12454298 456 0.031 0.0023 0.008 0.018 0.053 1.50 27.35 632.79
12454299 474 0.022 0.0022 0.007 0.012 0.041 1.44 31.48 646.72
12454300 552 0.009 0.0024 0.005 0.003 0.025 1.63 50.62 662.10
12454301 501 0.011 0.0024 0.005 0.005 0.028 1.59 45.65 661.06
12454398 466 0.020 0.0023 0.007 0.010 0.038 1.46 33.88 628.90
12454399 471 0.012 0.0021 0.005 0.005 0.026 1.34 42.38 650.64
12454400 541 0.012 0.0022 0.005 0.005 0.028 1.51 42.45 667.40
12454401 484 0.031 0.0026 0.009 0.017 0.054 1.71 28.89 634.52
12454498 450 0.031 0.0024 0.009 0.018 0.054 1.59 27.92 638.71
12454499 509 0.006 0.0016 0.003 0.002 0.017 1.12 50.09 660.53
12470300 754 0.012 0.0016 0.004 0.006 0.024 2.12 37.43 1230.80
124910504 1143 0.013 0.0009 0.003 0.008 0.022 1.28 26.34 1340.46
124911000 856 0.017 0.0012 0.004 0.010 0.029 1.39 26.06 1131.58
124930100 308 0.002 0.0016 0.002 0.000 0.011 0.52  100.11 326.00
124930200 308 0.004 0.0019 0.003 0.001 0.015 0.55 71.34 288.26
124930300 312 0.007 0.0028 0.004 0.002 0.024 0.91 62.89 318.61
124930400 316 0.016 0.0044 0.008 0.006 0.045 1.42 51.50 321.11
124930499 327 0.007 0.0036 0.005 0.002 0.028 1.17 70.58 314.53
124930500 296 0.017 0.0031 0.007 0.007 0.039 0.89 42.78 279.28
124930599 318 0.009 0.0035 0.006 0.003 0.030 1.12 61.65 308.38
124930600 312 0.011 0.0026 0.005 0.004 0.029 0.86 48.68 320.08
124930700 293 0.002 0.0021 0.002 0.000 0.015 0.62 100.06 290.60
124930799 313 0.017 0.0036 0.008 0.007 0.041 1.17 46.38 310.59
124930800 302 0.009 0.0027 0.005 0.003 0.026 0.82 55.38 301.73
124930899 307 0.007 0.0018 0.004 0.003 0.019 0.56 50.29 308.78
124930900 296 0.010 0.0034 0.006 0.003 0.032 1.08 57.60 299.20
124931000 306 0.017 0.0029 0.007 0.007 0.037 0.92 41.77 303.54
124931099 300 0.016 0.0040 0.008 0.006 0.042 1.27 49.72 308.06
124931100 310 0.017 0.0044 0.008 0.006 0.045 1.39 51.31 303.52
124931199 316 0.007 0.0035 0.005 0.002 0.028 1.11 70.70 310.27
124931200 316 0.017 0.0039 0.008 0.006 0.042 1.25 48.24 309.02
124950503 168 0.000 0.00 178.81
124950702 161 0.022 0.0054 0.011 0.008 0.057 0.88 49.63 158.52
124970197 833 0.017 0.0016 0.005 0.009 0.030 2.03 31.35 1247.27

124990300 412 0.008 0.0029 0.005 0.003 0.026 1.82 58.55 620.86
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Table B.6
Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in in Manitoba

Sample ir(;)fl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population

12450101 110 0.006 0.0064 0.006 0.001 0.044 0.41 99.90 63
12450103 112 0.009 0.0087 0.009 0.001 0.060 0.54 99.61 62
12451003 115 0.006 0.0056 0.006 0.001 0.039 0.35 99.95 59
12454100 111 0.035 0.0093 0.018 0.012 0.093 0.62 52.05 63
12454101 99 0.000 0.00 61
12454198 101 0.030 0.0097 0.017 0.010 0.089 0.68 56.88 68
12454199 121 0.017 0.0089 0.012 0.004 0.068 0.62 72.40 69
12454200 104 0.000 0.00 59
12454201 108 0.020 0.0098 0.014 0.005 0.076 0.65 70.27 65
12454298 115 0.026 0.0084 0.015 0.008 0.078 0.60 57.00 69
12454299 105 0.071 0.0122 0.030 0.031 0.156 0.84 41.46 65
12454300 117 0.029 0.0113 0.018 0.008 0.095 0.77 62.52 66
12454301 115 0.000 0.00 67
12454398 111 0.027 0.0087 0.015 0.009 0.080 0.61 56.98 69
12454399 105 0.075 0.0139 0.032 0.031 0.168 0.93 43.22 63
12454400 104 0.000 0.00 63
12454401 110 0.006 0.0064 0.006 0.001 0.044 0.41 99.90 63
12454498 110 0.046 0.0087 0.020 0.019 0.105 0.61 43.69 67
12454499 115 0.012 0.0121 0.012 0.002 0.082 0.81 99.64 64
12470300 324 0.017 0.0043 0.009 0.006 0.045 0.54 50.48 119
124910504 196 0.000 0.00 148
124911000 104 0.005 0.0051 0.005 0.001 0.036 0.65 100.12 121
124930100 36 0.000 0.00 37
124930200 33 0.000 0.00 36
124930300 35 0.000 0.00 36
124930400 34 0.000 0.00 35
124930499 32 0.000 0.00 33
124930500 27 0.064 0.0350 0.047 0.014 0.244 1.02 73.94 27
124930599 31 0.000 0.00 32
124930600 33 0.000 0.00 31
124930700 34 0.000 0.00 33
124930799 33 0.000 0.00 30
124930800 34 0.000 0.00 33
124930899 34 0.017 0.0172 0.017 0.002 0.114 0.61 99.96 34
124930900 33 0.021 0.0204 0.020 0.003 0.134 0.57 99.69 27
124931000 30 0.000 0.00 29
124931099 37 0.000 0.00 33
124931100 35 0.000 0.00 32
124931199 32 0.000 0.00 30
124931200 32 0.000 0.00 29
124950503 16 0.000 0.00 17
124950702 13 0.000 0.00 13
124970197 175 0.019 0.0051 0.010 0.007 0.051 0.66 52.36 128

124990300 66 0.022 0.0216 0.022 0.003 0.141 1.81 98.65 81
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Table B.7
Survey Level Variables Calculated Using Ca2001 Batch to Estimate the Adult Jewish

Population in in British Columbia

Sample ir(;)fl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population

12450101 198 0.004 0.0039 0.004 0.001 0.027 0.87 99.90 223
12450103 198 0.011 0.0055 0.008 0.003 0.044 1.27 70.32 226
12451003 201 0.023 0.0046 0.010 0.009 0.054 1.07 45.04 221
12454100 196 0.010 0.0048 0.007 0.002 0.038 1.06 70.47 215
12454101 211 0.023 0.0046 0.010 0.009 0.055 1.06 44.96 221
12454198 196 0.010 0.0049 0.007 0.002 0.038 1.00 70.49 203
12454199 205 0.010 0.0050 0.007 0.002 0.039 1.16 70.49 233
12454200 205 0.005 0.0054 0.005 0.001 0.038 1.26 99.73 227
12454201 207 0.010 0.0050 0.007 0.003 0.040 1.17 70.44 228
12454298 192 0.020 0.0048 0.010 0.007 0.051 0.98 49.59 200
12454299 202 0.012 0.0067 0.009 0.003 0.050 1.51 76.12 228
12454300 224 0.000 0.00 231
12454301 210 0.000 0.00 232
12454398 190 0.020 0.0049 0.010 0.008 0.052 1.03 49.57 205
12454399 200 0.007 0.0035 0.005 0.002 0.027 0.79 72.41 230
12454400 226 0.010 0.0048 0.007 0.002 0.038 1.16 70.62 236
12454401 198 0.004 0.0039 0.004 0.001 0.027 0.87 99.90 223
12454498 202 0.009 0.0045 0.006 0.002 0.036 0.94 70.44 207
12454499 208 0.006 0.0059 0.006 0.001 0.041 1.39 99.72 227
12470300 341 0.011 0.0025 0.005 0.004 0.028 1.12 47.22 429
124910504 538 0.005 0.0018 0.003 0.002 0.016 0.86 59.89 461
124911000 329 0.005 0.0027 0.004 0.001 0.021 1.13 74.42 396
124930100 116 0.000 0.00 111
124930200 103 0.000 0.00 92
124930300 112 0.000 0.00 105
124930400 108 0.006 0.0058 0.006 0.001 0.040 0.65 100.04 113
124930499 114 0.020 0.0098 0.014 0.005 0.077 1.09 70.08 104
124930500 118 0.014 0.0079 0.011 0.003 0.060 0.89 74.09 109
124930599 117 0.009 0.0091 0.009 0.001 0.062 1.04 99.67 109
124930600 114 0.000 0.00 103
124930700 112 0.000 0.00 108
124930799 115 0.005 0.0053 0.005 0.001 0.037 0.59 100.06 107
124930800 111 0.019 0.0092 0.013 0.005 0.072 1.07 70.20 113
124930899 102 0.010 0.0100 0.010 0.001 0.068 0.99 99.63 97
124930900 100 0.013 0.0124 0.013 0.002 0.084 1.22 99.38 94
124931000 115 0.008 0.0084 0.008 0.001 0.058 0.92 99.73 106
124931099 108 0.000 0.00 96
124931100 119 0.000 0.00 115
124931199 107 0.000 0.00 101
124931200 107 0.005 0.0055 0.005 0.001 0.038 0.56 100.07 99
124950503 58 0.000 0.00 60
124950702 58 0.000 0.00 58
124970197 413 0.008 0.0017 0.004 0.003 0.020 0.69 47.09 402

124990300 160 0.000 0.00 222
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Table B.8
Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in Montreal

Sample Proportioq Weighted
Survey Id Size Adult Jewish ~ Var SE CIL CIH DEFF CV Sample
Population Size
1245411 167 0.023 0.0059 0.012 0.009 0.061 1.00 50.08 158
12454306 189 0.009 0.0085 0.008 0.001 0.058 1.53 99.46 172
12454406 190 0.011 0.0054 0.008 0.003 0.042 1.01 71.32 178
124810112 120 0.013 0.0070 0.010 0.003 0.054 0.86 71.93 123
124810114 147 0.034 0.0066 0.015 0.014 0.079 1.00 44.03 147
124910511 173 0.039 0.0083 0.018 0.016 0.094 1.17 46.02 135
124911008 301 0.005 0.0029 0.004 0.001 0.022 0.92 74.45 312
124950407 93 0.000 0.00 93
124950509 73 0.022 0.0211 0.021 0.003 0.138 1.43 98.67 66
124990206 185 0.027 0.0069 0.014 0.010 0.071 1.43 50.88 199
Table B.9

Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in in Toronto

Sample Proportion' Weighted

Survey Id Size Adult J §Wlsh Var SE CIL CIH DEFF CV ngple

Population Size

1245411 182 0.026 0.0052 0.012 0.011 0.061 1.23 44.72 220
12454306 231 0.017 0.0042 0.008 0.006 0.044 1.27 50.27 286
12454406 237 0.047 0.0043 0.014 0.026 0.084 1.39 30.16 295
124810112 185 0.014 0.0048 0.008 0.004 0.044 0.90 58.76 185
124810114 198 0.060 0.0058 0.019 0.032 0.109 1.22 31.12 200
124910511 132 0.074 0.0100 0.027 0.035 0.148 1.79 36.72 165
124911008 315 0.008 0.0023 0.004 0.003 0.023 0.88 52.84 363
124950407 143 0.021 0.0069 0.012 0.007 0.063 1.00 57.16 143
124950509 107 0.059 0.0126 0.027 0.023 0.141 1.48 46.28 110

124990206 156 0.006 0.0064 0.006 0.001 0.045 1.72 99.73 261
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Table B.10
Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in Vancouver

Sample ir(;)fl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population
1245411 45 0.000 0.00 65
12454306 92 0.019 0.0093 0.013 0.005 0.073 1.11 70.19 112
12454406 92 0.000 0.00 104
124810112 65 0.018 0.0178 0.018 0.003 0.118 1.18 99.05 66
124810114 86 0.000 0.00 86
124910511 175 0.000 0.00 192
124911008 150 0.034 0.0093 0.018 0.012 0.092 1.19 52.25 120
124950407 44 0.000 0.00 44
124950509 38 0.024 0.0234 0.024 0.003 0.152 0.74 99.03 31
124990206 89 0.000 0.00 103
Table B.11

Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in Quebec

Sample PArc?fl(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population
1245411 340 0.014 0.0029 0.007 0.006 0.035 0.96 45.13 306
12454306 445 0.004 0.0036 0.004 0.001 0.025 1.53 99.79 410
12454406 439 0.005 0.0024 0.003 0.001 0.019 1.01 71.52 409
124530312 3493 0.009 0.0004 0.002 0.006 0.014 1.91 20.36 4941
124530313 4582 0.007 0.0003 0.001 0.005 0.010 1.59 20.49 5437
124710909 307 0.007 0.0024 0.004 0.002 0.022 0.52 58.24 207
124810112 315 0.005 0.0028 0.004 0.001 0.022 0.86 72.14 310
124810114 318 0.019 0.0030 0.008 0.008 0.041 0.99 40.52 320
124910511 944 0.007 0.0015 0.003 0.003 0.017 1.18 46.95 770
124911008 781 0.007 0.0011 0.003 0.003 0.015 0.89 39.93 782
124921112 88 0.000 0.00 145
124950407 204 0.000 0.00 204
124950509 161 0.008 0.0080 0.008 0.001 0.055 1.44 99.66 178
124980409 403 0.000 0.00 310
124980707 225 0.000 0.00 196
124981108 379 0.021 0.0057 0.011 0.008 0.058 1.70 51.51 277

124990206 466 0.011 0.0029 0.006 0.004 0.030 1.43 51.24 474
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Table B.12
Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in Ontario

Sample ir(;)fl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population
1245411 407 0.011 0.0023 0.005 0.005  0.028 1.22 45.01 496
12454306 535 0.009 0.0018 0.004 0.004  0.021 1.25 45.04 665
12454406 553 0.022 0.0019 0.006 0.012  0.039 1.40 29.20 693
124530312 6081 0.015 0.0002 0.002 0.012  0.019 1.46 10.82 8015
124530313 5968 0.017 0.0002 0.002 0.013  0.021 1.98 11.58 8774
124710909 312 0.008 0.0026 0.004 0.002  0.024 0.84 58.94 303
124810112 450 0.015 0.0045 0.008 0.005  0.043 2.14 54.53 478
124810114 491 0.027 0.0023 0.008 0.015  0.047 1.17 29.20 508
124910511 934 0.014 0.0015 0.005 0.008  0.027 1.74 31.92 1164
124911008 905 0.013 0.0013 0.004 0.007  0.024 1.44 31.45 1060
124921112 249 0.006 0.0055 0.006 0.001  0.038 1.55 99.72 281
124950407 332 0.009 0.0030 0.005 0.003  0.028 1.00 57.51 332
124950509 260 0.027 0.0059 0.013 0.010  0.066 1.49 47.28 244
124980409 549 0.038 0.0041 0.012 0.020 0.072 2.40 32.75 526
124980707 334 0.037 0.0028 0.010 0.022  0.064 0.95 27.39 316
124981108 421 0.019 0.0022 0.007 0.010  0.038 1.11 33.79 465
124990206 449 0.005 0.0023 0.003 0.001  0.019 1.68 70.61 712
Table B.13

Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in Manitoba

Proportion

Sample Adult Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population
1245411 84 0.010 0.0096 0.007 0.001 0.065 0.49 99.84 49
12454306 112 0.000 0.004 0.00 62
12454406 111 0.019 0.0100 0.003 0.005 0.076 0.67 72.34 63
124530312 1146 0.006 0.0013 0.002 0.003 0.015 0.92 45.04 717
124530313 1551 0.009 0.0014 0.001 0.004 0.019 1.08 39.29 783
124710909 26 0.000 0.004 0.00 31
124810112 47 0.047 0.0227 0.004 0.012 0.171 0.97 69.43 41
124810114 61 0.013 0.0129 0.008 0.002 0.087 0.65 99.72 50
124910511 134 0.024 0.0128 0.003 0.006 0.096 1.39 73.35 106
124911008 130 0.004 0.0040 0.003 0.001 0.028 0.43 100.05 103
124921112 65 0.018 0.0179 0.003 0.118 0.76 99.25 42
124950407 29 0.000 0.00 29
124950509 23 0.000 0.008 0.00 27
124980409 69 0.000 0.00 49
124980707 16 0.000 0.00 25
124981108 42 0.000 0.011 0.00 41

124990206 54 0.017 0.0172 0.006 0.002 0.114 091 99.35 51




Table B.14

Survey Level Variables Calculated Using Ca2011 Batch to Estimate the Adult Jewish

Population in British Columbia

Sample ir(;)fl)l(t)mon Weighted
Survey Id . . Var SE CIL CIH DEFF CV Sample
Size Jewish .
. Size
Population
1245411 134 0.000 0.00 166
12454306 206 0.009 0.0043 0.006 0.002 0.034 1.10 70.48 245
12454406 210 0.004 0.0045 0.004 0.001 0.031 1.12 99.83 239
124530312 2620 0.005 0.0005 0.002 0.003 0.010 1.32 29.94 2749
124530313 2746 0.008 0.0011 0.003 0.004 0.017 3.39 36.48 3071
124710909 65 0.013 0.0127 0.013 0.002 0.086 1.45 99.62 108
124810112 161 0.007 0.0072 0.007 0.001 0.050 1.18 99.65 165
124810114 170 0.000 0.00 179
124910511 358 0.000 0.00 402
124911008 437 0.011 0.0032 0.006 0.004 0.032 1.19 52.95 360
124921112 88 0.000 0.00 130
124950407 113 0.000 0.00 113
124950509 75 0.011 0.0113 0.011 0.002 0.077 0.74 99.76 64
124980409 174 0.019 0.0041 0.009 0.008 0.047 0.86 46.12 192
124980707 89 0.011 0.0110 0.011 0.002 0.075 1.33 99.58 116
124981108 152 0.000 0.00 147
124990206 206 0.010 0.0103 0.010 0.001 0.071 2.54 99.35 240
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Appendix C: Information Concerning Software and Syntaxes

The purpose of this appendix is to provide information related to the software and
the syntaxes used in this study.

Meta-Analysis of Complex Surveys (MACS)

I'used STATA statistical software to generate MACS cross-survey estimates. To
this end, I wrote a series of STATA do-files. The first set of do-files consisted of
STATA survey commands to generate the weighted estimates of the proportion of the
adult Jewish population in each geographical area included in the study for every survey
in the US and Canadian batches. Along with the estimates of the proportions of the adult
Jewish population, I also calculated the variances, design effects, standard errors, and
coefficient of variations associated with each estimate. At the end of this appendix there
is an example of the STATA commands used to generate these variables for each survey.
Appendix B includes the survey statistical variables calculated for each Canadian
geographical area included in the study. The information generated by this syntax was
also used for the PDCS estimate calculations.

To verify this STATA syntax, I replicated the calculation of the estimates of the
proportions of the adult Jewish population in the chosen geographical areas for one of the
surveys included in Ca2001 Batch with the SPSS statistical package. Given that the
SPSS basic module is not appropriate for the analysis of standard errors of complex
surveys, I only verified the point estimates.

The second set of do-files generated the survey-level specific weights for every

geographical area in each survey using the estimated variances and design effects



generated by the first set of do-files according to the specifications of the MCAS

approach.
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The third set generated the proportions of the adult Jewish population in each

geographical area (for each batch), along with associated variances of this population

(using survey estimates and survey-level specific weights). To verify the estimates

generated with this set of do-files, I replicated the process (for a specific geographical

location) in Excel. Table C1 presents the calculations made in Excel to estimate the

Ca2001 proportion of the adult Jewish population in Toronto.

Table C1

2001 MACS Estimates of the Proportions of the Adult Jewish Population in Toronto -

Excel calculations

Prop Sum w= prop
Survid N (Gw=1) Var CIL CIH DEFF CV Weight SE (1/var)/deff *w
12440402 6426 0.0312  0.0002 0.027 0.036 1.0 8 5307 0.002 5464.29 170.28
12450103 156  0.0131 0.0065 0.003 0.051 1.9 70 294 0.009 79.60 1.04
12451003 151  0.0187  0.0062 0.006 0.057 1.8 57 280  0.011 89.97 1.68
12454100 151  0.0194  0.0064 0.006 0.059 1.8 57 277  0.011 85.67 1.66
12454101 164  0.0368  0.0059 0.017 0.080 1.8 40 288 0.015 93.50 3.44
12454198 152 0.0592  0.0062 0.031 0.110 14 32 221 0.019 111.48 6.60
12454199 149  0.0621  0.0066 0.032 0.116 19 33 271 0.020 80.70 5.01
12454200 156  0.0065  0.0064 0.001 0.044 1.8 100 277 0.006 84.95 0.55
12454201 154 0.0445  0.0061 0.021  0.090 1.7 37 271 0.016 94.15 4.19
12454298 153  0.0588  0.0062 0.031 0.109 1.5 32 224 0.019 111.32 6.55
12454299 152 0.0316  0.0063 0.013 0.075 1.7 45 275 0.014 90.96 2.88
12454300 157  0.0266 ~ 0.0087 0.009 0.080 1.7 57 191  0.015 66.25 1.76
12454301 154 0.0192  0.0063 0.006 0.058 1.8 57 272 0.011 88.90 1.71
12454398 155 0.0323  0.0062 0.013 0.075 14 44 225  0.014 110.61 3.57
12454399 147  0.0121  0.0060 0.003 0.047 1.7 170 278 0.009 100.06 1.21
12454400 148 0.0193  0.0063 0.006 0.058 1.8 57 274 0.011 87.60 1.69
12454401 149  0.0660  0.0063 0.036 0.119 1.8 31 263 0.020 89.18 5.89
12454498 161  0.0497  0.0059 0.025 0.096 14 34 227 0.017 120.91 6.01
12454499 178  0.0079  0.0040 0.002 0.031 1.1 71 277 0.006 221.07 1.75
12470300 244  0.0245  0.0040 0.011 0.054 1.8 40 416  0.010 141.12 3.46
124910504 393  0.0043  0.0043 0.001 0.030 0.5 100 120 0.004 440.16 1.89
124911000 289  0.0320  0.0038 0.016 0.062 1.5 34 369  0.011 179.16 5.74
124930100 114  0.0043  0.0043 0.001 0.030 0.5 100 120 0.004 440.16 1.89
124930200 116  0.0101  0.0052 0.002 0.040 06 71 104 0.007 346.81 3.52
124930300 114  0.0190  0.0075 0.006 0.064 09 63 117 0.012 146.43 2.79
124930400 119  0.0186  0.0093 0.005 0.072 12 71 125 0.013 91.38 1.70
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124930499 126  0.0093 0.0093 0.001 0.064 1.2 100 126 0.009 88.00 0.82
124930500 108  0.0369 0.0096 0.013 0.098 1.0 51 97 0.019 104.48 3.86
124930599 118 0.0152  0.0092 0.003 0.068 1.2 78 121 0.012 91.69 1.40
124930600 126  0.0282  0.0066 0.011 0.072 09 48 126  0.014 173.84 4.90
124930700 107  0.0056  0.0056 0.001 0.039 0.6 100 109  0.006 290.61 1.61
124930799 116  0.0448  0.0094 0.018 0.107 1.2 46 115 0.020 90.77 4.06
124930800 111  0.0159 0.0070 0.004 0.057 0.8 66 110 0.011 179.89 2.86
124930899 112  0.0146 0.0049 0.005 0.045 0.6 58 115 0.008 351.69 5.12
124930900 108  0.0264 0.0087 0.008 0.079 1.1 57 118 0.015 106.02 2.80
124931000 115  0.0227 0.0074 0.007 0.068 0.9 57 112 0.013 152.88 3.47
124931099 108 0.0354  0.0114 0.011 0.104 1.3 57 110 0.020 66.87 2.37
124931100 114  0.0359  0.0122 0.011 0.109 1.5 58 112 0.021 55.26 1.98
124931199 116  0.0181 0.0090 0.004 0.070 1.1 70 120 0.013 100.14 1.81
124931200 117  0.0443  0.0100 0.017 0.110 1.3 48 116  0.021 79.68 3.53
124950702 70  0.0380 0.0123 0.012 0.112 0.9 57 69 0.022 90.80 3.45
124970197 243  0.0379 0.0054 0.018 0.078 2.0 38 362 0.014 93.35 3.54
124990300 96  0.0043 0.0043 0.001 0.030 0.5 100 120 0.004 440.16 1.89
sum(w) sum(prop*w) estimate=(sum(prop*w) /sum(w))
11612.54 297.93 0.026

Pooled Design-Based Cross-Survey (PDCS)

I'used STATA statistical software to generate PDCS cross-survey estimates.

Similar to MACS, I wrote three sets of do-files to calculate the different variables needed

to generate the PDCS cross-survey estimates of the proportion of the adult Jewish

population.

The first set of do-files calculated coefficient k for every geographical area and

for every survey included in each batch. As I described in Chapters 2 and 3, coefficient k

is a function of the sample sizes and of the coefficients of variation of the different

surveys that are used to generate an estimate for a specific geographical area in a batch. |

used Excel to replicate the calculation of k coefficients for the Toronto metropolitan area

for batch Ca2011.
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The second set of do-files calculated a new weight for every record included in all
the surveys in the three batches. The new weight was calculated as a function of
coefficient k (of the survey and geographical area) and the original weight of the record.

The last set generated the estimates of the proportions of the adult Jewish
population in each geographical area for every batch using the new weights calculated in
the previous step. Survey STATA commands were then used to obtain the point
estimates and Survey STATA jackknife commands to generate variances. An example of
a jackknife STATA command may be found at the end of this appendix.

Bayesian Multilevel Regression with Post-Stratification

To generate the BMRP cross-survey estimates of the proportions of the adult
Jewish population, I used R and STAN languages. R programs were used to set up the
data, run STAN programs, and post-stratify the Bayesian results so as to generate the
cross-survey estimates. Stan is an open-source C++ program that performs Bayesian
inference. Gellman, Lee, and Guo (2015) explain the use of this program as follows:, “to
use Stan, a user writes a Stan program that directly computes the log-posterior density.
This code is then compiled and run along with data. The result is a set of posterior
simulations of the parameters in the model (or a point estimate, if Stan is set to
optimize)” (Gellman, Lee, and Guo, 2015, p. 1).

As described in the methodological section, BMRP estimates are generated in two
steps. In the first step, the Bayesian multilevel logistic regression model is built for each
scenario. At the end of this appendix there is an example of a section of a STAN

program. A series of programs written on R were used to carry out the second step, that
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is, post-stratification. These R programs processed the outputs from the STAN analyses
along with census counts to generate cross-survey estimates.

Both the STAN and the R post-stratification programs are similar to the programs
used for the past few years by SSRI researchers to estimate the proportion of the U.S.
Jewish population.
STATA and Stan Syntax

STATA Commands to obtain survey level estimates — example.

## Do file - Estimates by Survey

#Declare survey design for dataset
svyset _n [pweight=weight]

# Proportion of Jewish population for survey surv metropolitan area for
the Canadian metropolitan area omet
svy, subpop(if survid==surv & metro==met):prop jw

# Obtaining stored results

# subpopulation observations
e(N_sub)

# Estimate of subpopulation size
e(N_subpop)

#Design effects
estat effects

#Coefficient of variation
estat cv

Jackknife STATA commands —example.

#Declare survey design for dataset
svyset _n [pweight=weight], vce(jackknife) singleunit(missing)



#Estimates using jackknife
svy jackknife, subpop(if metro==mef) : proportion jw

Stan syntax - Canadian Metro areas using Ca2001 data example.

# Stan program - Canadian Metro areas using Ca2001 data
data {
int<lower=0> N;
int<lower=0>n_surv;
int<lower=0,upper=1> curreljw[N];
int<lower=0,upper=1> age1[N];

int<lower=0,upper=1> metc3[N];
int<lower=0, upper=n_surv> survs[N];

}

parameters {
real b_cons;
real b_agel;

real b_e5xm3;
vector[n_surv] b_surv;
real<lower=0,upper=2.5> sigma_surv;

}

model {

vector[N] p;

b _cons ~ normal(-4.82,100);
b agel ~ normal(-1.34,100);
b_e5xm3 ~ normal(-0.23,100);

b_surv ~ normal(0, sigma_surv);
sigma_surv ~ cauchy(0, 2.5);

for (iin 1:N)
pli] = fmax(0, fmin(1, inv_logit(b_cons +
b _agel*agel[i] + b_age2*age2[i] + b_age3*age3[i] + b_aged*aged[i] +
b _edul*edul[i] + b_edu2*edu2[i] + b_edud*edud[i] + b_eduS*edu5[i] +
b_metcl*metcl[i] + b_metc2*metc2[i] + b_metc3*metc3[i] +
b _alxel*agel[i]*edul[i] + b_a2xel*age2[i]*edul[i] +
b _a3xel*age3[i]*edul[i] + b_adxel*aged[i]*edul[i] +
b _alxe2*agel[i]*edu2[i] + b_a2xe2*age2[i]*edu2[i] +
b _a3xe2*age3[i]*edu2[i] + b_adxe2*aged[i]*edu2[i] +
b _alxed*agel[i]*edud[i] + b_a2xed*age2[i]*edud[i] +
b_a3xed*age3[i]*edud[i] + b_adxed*aged[i]*edud[i] +
b _alxe5*agel[i]*eduS[i] + b_a2xeS*age2[i]*eduS[i] +
b_a3xe5*age3[i]*edus[i] + b_adxeS*aged[i]*eduS[i] +
b_elxml*edul[i]*metcl[i] + b_elxm2*edul[i]*metc2[i] +
b_elxm3*edul[i]*metc3[i] +

b _e2xml*edu2[i]*metcl[i] + b_e2xm2*edu2[i]*metc2[i] +
b_e2xm3*edu2[i]*metc3[i] +
b _edxml*edud[i]*metcl[i] + b_edxm2*edud[i]*metc2[i] +
b_ed4xm3*edud[i]*metc3[i] +
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b_eSxml*eduS5[i]*metcl[i] + b_eSxm2*eduS[i]*metc2[i] +
b_eSxm3*edu5[i]*metc3[i] +
b_surv[survs[i]])));

curreljw ~ bernoulli(p);
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