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Hard-to-reach populations present a
methodological challenge in obtaining samples
and in drawing inferences about population
characteristics from the samples obtained.
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Studying hard-to-reach populations

Two characteristics distinguish hard-to-reach populations from other populations.

1. undefined size and boundaries
> lack of an appropriate sampling frame or the impracticability of constructing one
> probability sampling difficult or impossible to employ

2. membership in the population involves stigmatized or illegal behavior

> individuals may refuse to cooperate or give unreliable answers to protect their
privacy
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Respondent-driven sampling

PY Heckathorn (1997) developed an alternative sampling method
that utilizes networks connecting the members of hard-to-
reach populations.

Respondent-driven sampling (RDS) is a variant of chain-referral
sampling in which both sampling and estimation is facilitated
by viewing the sample as a subset of the social network under

study.
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Respondent-driven sampling

RDS has gained popularity in recent years in studies involving hard-to-reach populations.
 people living with HIV (e.g., Malekinejad et al., 2008),

» gay men and people who inject drugs (e.g., Ramirez-Valles et al., 2005), and
* transgender persons (e.g., Bauer et al., 2015)
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Respondent-driven sampling

Current RDS estimators rely on several strong assumptions in order to treat the sample as a
probability sample.

» small sampling fraction

* accurate reporting of degree

* seed selection procedure and random selection of peers to recruit
* reciprocal relationships between peers

Dependence on these assumptions presents possible issues such as poor performance
when they are applied to actual data and some of these assumptions are not met.

Volz & Heckathorn, 2008; Gile & Handcock, 2010; Goel & Salganik, 2010

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling 6



15™ NATIONAL &

CONVENTION Organized by the Philippine Statistical System £
Spearheaded by the Philippine Statistics Authorit) -

oN STATISTICS P y pp y

03-05 OCTOBER 2022

Objective

In this study, we demonstrated the application of bootstrap-based proceduresin
estimating population characteristics of hard-to-reach populations using respondent-
driven samples.

* Nonparametric bootstrap for homogeneous means (e.g., proportion and mean)

* Model-based and residual-based bootstrap for heterogeneous means (e.g., coefficients of
linear, logistic, and Poisson regression models)
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Overview of data sets

To demonstrate the application of the proposed methods in estimating parameters of
networked hard-to-reach populations using respondent-driven samples, two data sets
were explored in this study.

* 600 observations from people who inject drugs in a region in Estonia (PWID Estonia
data set; Wu et al., 2017)

« 176 observations from Syrian activist-refugees in Jordan (Refugee Syria data set;
Khoury, 2020a; Khoury, 2020b).
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Recruitment
trees

PWID Estonia Data Set Refugee Syria Data Set
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Overview of data sets

PWID Estonia (Wu et al., 2017) Refugee Syria (Khoury, 2020a; Khoury, 2020b)
Sample size 600 176
Number of seeds 6 7
Seed selection Not mentioned Purposive
Number of recruits 3 3
Number of degrees Mdn = 15; Min = 2; Max =100 Mdn=12; Min=1; Max=75
Number of non-technical variables i 21

proportion of people who inject drugs who were enrolled proportion of Syrian activist-refugees in Jordan who

. to ART in aregion in Estonia cooperated with other Syrian activists
Parameters to be estimated ™ : - : -
Logistic regression coefficients (whether a Syrian activist-

refugee cooperated with other Syrian activists)
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Overview of data sets

Outcome Variable Frequency Percentage
Whether a person who injected drugs was Total 600 100.00%
enrolled in ART in a region in Estonia (PWID Yes 123 20.50%
Estonia Data Set) No 477 79.50%
Whether a Syrian activist-refugee in Jordan Total 171 100.00%
cooperated with other Syrian activists (Refugee Yes 156 91.23%
Syria Data Set) No 15 8.77%
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Overview of data sets

Frequency (Row Percentage)

Predictor Variable Whether a Syrian activist-refugee in Jordan cooperated with other Syrian activists
Yes No Total
Assigned sex Female 6(11.11%) 48 (88.89%) 54 (100.00%)
Male 9 (7.69%) 108 (92.31%) 117 (100.00%)
Participation in activism in Syria Yes 13 (9.70%) 121 (90.30%) 134 (100.00%)
before 2011 No 2 (5.41%) 35 (94.59%) 37 (100.00%)
Participation in activism in Syria after ~ Yes 9 (10.00%) 81 (90.00%) 90 (100.00%)
2011 but before coming to Jordan No 6 (7.41%) 75 (92.59%) 81 (100.00%)
Agree that most people can be trusted Yes 14 (9.27%) 137 (90.73%) 151 (100.00%)
No 1 (5.00%) 19 (95.00%) 20 (100.00%)
Predictor Variable Descriptive Statistics
Age Mean 27.74
Median 26.00
SD 6.72
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Point estimates and estimated standard errors

Parameter RDS 11 Honpararetc
Bootstrap
Point Estimate
Proportion (PWID Estonia) 16.01% 20.48%
Proportion (Refugee Syria) 82.26% 91.48%
Estimated Standard Error
Proportion (PWID Estonia) 1.87% 1.71%
Proportion (Refugee Syria) 5.64% 2.15%

14

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling



15™ NATIONAL s,
CONVENTION Organized by the Philippine Statistical System %

Spearheaded by the Philippine Statistics Authority
oN STATISTICS

03-05 OCTOBER 2022

Point estimates and estimated standard errors

Model-based Residual-based

PARAMGLEr LSE{RDS) Bootstrap Bootstrap
Point Estimate
Intercept 2.2927 2.3722 2.2684
Assigned sex (Male) 0.3652 0.4005 0.3872
Age -0.0170 -0.0144 -0.0177
Participation in activism in Syria before 2011 (Yes) 0.6749 2.6415 0.7215
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.2693 0.3218 0.2869
Agree that most people can be trusted (Yes) 0.5519 5.4397 0.5980
Estimated Standard Error
Intercept 1.2414 1.7743 0.2974
Assigned sex (Male) 0.5731 0.7011 0.0800
Age 0.0391 0.0508 0.0051
Participation in activism in Syria before 2011 (Yes) 0.7919 5.4621 0.1119
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.5634 1.3446 0.0710
Agree that most people can be trusted (Yes) 1.0745 7.6923 0.1601

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling 5




15™ NATIONAL s,
CONVENTION Organized by the Philippine Statistical System %

Spearheaded by the Philippine Statistics Authority
oN STATISTICS

03-05 OCTOBER 2022

Point estimates and estimated standard errors

Model-based Residual-based

PARAMGLEr LSE{RDS) Bootstrap Bootstrap
Point Estimate
Intercept 2.2927 2.3722 2.2684
Assigned sex (Male) 0.3652 0.4005 0.3872
Age -0.0170 -0.0144 -0.0177
Participation in activism in Syria before 2011 (Yes) 0.6749 2.6415 0.7215
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.2693 0.3218 0.2869
Agree that most people can be trusted (Yes) 0.5519 5.4397 0.5980
Estimated Standard Error
Intercept 1.2414 1.7743 0.2974
Assigned sex (Male) 0.5731 0.7011 0.0800
Age 0.0391 0.0508 0.0051
Participation in activism in Syria before 2011 (Yes) 0.7919 5.4621 0.1119
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.5634 1.3446 0.0710
Agree that most people can be trusted (Yes) 1.0745 7.6923 0.1601

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling 16




15™ NATIONAL o

CONVENTION Organized by the Philippine Statistical System £
Spearheaded by the Philippine Statistics Authority

oN STATISTICS

03-05 OCTOBER 2022

Point estimates and estimated standard errors

Model-based Residual-based

PARAMGLEr LSE{RDS) Bootstrap Bootstrap
Point Estimate
Intercept 2.2927 2.3722 2.2684
Assigned sex (Male) 0.3652 0.4005 0.3872
Age -0.0170 -0.0144 -0.0177
Participation in activism in Syria before 2011 (Yes) 0.6749 2.6415 0.7215
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.2693 0.3218 0.2869
Agree that most people can be trusted (Yes) 0,5519 5.4397 0.5980
Estimated Standard Error
Intercept 1.2414 1.7743 0.2974
Assigned sex (Male) 0.5731 0.7011 0.0800
Age 0.0391 0.0508 0.0051
Participation in activism in Syria before 2011 (Yes) 0.7919 5.4621 0.1119
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.5634 1.3446 0.0710
Agree that most people can be trusted (Yes) 1.0745 7.6923 0.1601

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling 17




15™ NATIONAL o

CONVENTION Organized by the Philippine Statistical System £
Spearheaded by the Philippine Statistics Authority

oN STATISTICS

03-05 OCTOBER 2022

Point estimates and estimated standard errors

Model-based Residual-based

PARAMGLEr LSE{RDS) Bootstrap Bootstrap
Point Estimate
Intercept 2.2927 2.3722 2.2684
Assigned sex (Male) 0.3652 0.4005 0.3872
Age -0.0170 -0.0144 -0.0177
Participation in activism in Syria before 2011 (Yes) 0.6749 2.6415 0.7215
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.2693 0.3218 0.2869
Agree that most people can be trusted (Yes) 0.5519 5.4397 0.5980
Estimated Standard Error
Intercept 1.2414 1.7743 0.2974
Assigned sex (Male) 0.5731 0.7011 0.0800
Age 0.0391 0.0508 0.0051
Participation in activism in Syria before 2011 (Yes) 0.7919 5.4621 0.1119
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.5634 1.3446 0.0710
Agree that most people can be trusted (Yes) 1.0745 7.6923 0.1601

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling 18




Spearheaded by the Philippine Statistics Authority \ £
oN STATISTICS A

03-05 OCTOBER 2022

15™ NATIONAL s,
CONVENTION Organized by the Philippine Statistical System £ Q A%

Point estimates and estimated standard errors

Parameter LSE (RDS) Model-based Residual-based

Bootstrap Bootstrap
Point Estimate
Intercept 2.2927 2.3722 2.2684
Assigned sex (Male) 0.3652 0.4005 0.3872
Age -0.0170 -0.0144 -0.0177
Participation in activism in Syria before 2011 (Yes) 0.6749 2.6415 0.7215
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.2693 0.3218 0.2869
Agree that most people can be trusted (Yes) 0.5519 5.4397 0.5980
Estimated Standard Error
Intercept 1.2414 1.7743 0.2974
Assigned sex (Male) 0.5731 0.7011 0.0800
Age 0.0391 0.0508 0.0051
Participation in activism in Syria before 2011 (Yes) 0.7919 5.4621 0.1119
Participation in activism in Syria after 2011 but before coming to Jordan (Yes) 0.5634 1.3446 0.0710
Agree that most people can be trusted (Yes) 1.0745 7.6923 0.1601

Estimation for Networked Hard-to-Reach Populations Under Respondent-Driven Sampling 19




15™ NATIONAL
CONVENTION
oN STATISTICS

03-05 OCTOBER 2022

&
Organized by the Philippine Statistical System §
Spearheaded by the Philippine Statistics Authority

Conclusions

* Illustrative results suggest that bootstrap-based procedures may perform better than
existing RDS estimation procedures in making inferences about population
characteristics of hard-to-reach populations under respondent-driven sampling.

« Simulation studies to further demonstrate the applicability of bootstrap-based
procedures in estimating parameters of hard-to-reach populations using respondent-

driven samples
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