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ABSTRACT 

 
Unsafe abortion is a preventable cause of maternal mortality and morbidity, yet data on the 
prevalence and effects of unsafe abortion are fraught with bias. Respondent Driven Sampling (RDS) 
is a sampling methodology that has been successfully used to estimate the prevalence of sensitive 
and illegal behaviors among hidden populations. This paper explores the feasibility of applying the 
RDS methodology to estimate the incidence and lifetime prevalence of informal sector abortion.  
 
The validity of RDS relies on several key assumptions: the population being recruited must know 
each other as members of the target population and form social ties based on this characteristic, the 
referral process should result in a series of overlapping networks, and sampling should replicate 
sampling with replacement. To test the assumptions of using RDS to measure informal sector 
abortion incidence and prevalence, we are conducting a study in Soweto, South Africa. Success of 
this method will be determined by generating an RDS sample that has similar demographics to the 
overall population of women of reproductive age living in Soweto. An advantage of this study is that 
demographics of the target population are known from census data, unlike most other applications 
of RDS for which no established sampling frame for the population of interest exists. Other metrics 
evaluated will be time to equilibrium, length of referral chains, reciprocity of network ties, and 
random recruitment within the recruiter’s personal network.  
 
Results from this study can be used to evaluate the feasibility and appropriateness of using RDS to 
effectively recruit participants and measure informal sector abortion among a population where such 
abortions are common; positive results could demonstrate that RDS is an exciting new tool for 
producing unbiased estimates of prevalence, safety, efficacy, and experiences with informal sector 
and/or unsafe abortion in various contexts.  
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INTRODUCTION 

Unsafe abortion is a completely preventable cause of maternal mortality and morbidity 

worldwide1, yet is responsible for an estimated 8-13% of all maternal deaths worldwide.2 In settings 

where abortion is legally restricted, or where it is permitted but not widely accessible, women face 

significant barriers to high quality abortion care. In some settings, women are increasingly choosing 

mifepristone and/or misoprostol to terminate their pregnancies on their own3, or seeking abortion 

from clandestine providers in potentially unsafe conditions4. There is a pressing need for new and 

innovative research methods that can accurately measure the incidence and characteristics of 

abortions that occur outside of the formal health care setting, referred to in this paper as informal 

sector abortions5.   

Existing data on the prevalence and effects of informal sector abortion are fraught with bias. 

Indirect methods for estimating the prevalence of induced abortions rely on assumptions and 

extrapolations that are often difficult to test6,7, and direct survey techniques suffer from widespread 

underreporting7-9. Due to social and cultural stigma, and fear of legal consequences, women seeking 

informal sector abortion may be reluctant to seek care in the event of complications, and may also 

be reluctant to reveal their (often illegal) abortion experience to researchers 10-13. While recent 

evidence suggests that over half of all abortions that occur globally are performed in illegal or unsafe 

conditions6, challenges in data collection likely lead to underestimates of abortion prevalence, as well 

as biased data on the characteristics and outcomes of abortion in such contexts. Accurately 

measuring the incidence of abortion, and understanding the scope of informal sector abortions in 

settings where legal abortion exists can document the gaps in accessibility of these services and help 

identify interventions to address issues around access to and quality of care.  

 

Overview of Respondent Driven Sampling 

Due to the stigma and secrecy associated with informal sector abortion and abortion in 

general, new data collection and estimation strategies are needed. Respondent Driven Sampling 

(RDS) is a sampling methodology that has been successfully used to estimate unbiased prevalence of 

sensitive and illegal behaviors among hidden populations such as injection drug users, sex workers, 

and men who have sex with men7-13. 

RDS relies upon social networks to identify populations engaging in stigmatized, illicit, or 

otherwise hidden behaviors; this approach may offer a previously untested alternative to measuring 

informal sector abortions. RDS attempts to leverage a small non-random sample of initial 

https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.tyjcwt
https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.3dy6vkm
https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.3dy6vkm
https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.2s8eyo1
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participants (known as seeds) within social networks engaging in hidden or stigmatized behaviors to 

recruit others within the same social networks (i.e. the target population). Each individual seed is 

given a set number of coupons with which they can recruit their social network peers. Once a 

participant with a valid coupon presents to the study site, she is provided with the same number of 

coupons with which to enroll other members of the social network, thus resulting in a lengthy chain 

of participants representing the target population9 10 14 

 In order to generate unbiased prevalence estimates for the outcomes, behaviors, or 

characteristics of interest in the target population, RDS samples are adjusted for potential selection 

bias in analyses by weighting participants with more contacts in the target population inversely 

proportional to the number of contacts in the network itself 9 10 15. Like any statistical methodology, 

RDS has its limitations—specifically that accuracy of estimates can be influenced by recruitment 

dynamics and the distribution of the behavior of interest within the social network 15 —however, 

recent research suggests that rigorous formative research to identify appropriate initial seeds can 

improve the accuracy of estimates7. Testing the feasibility of using RDS to effectively recruit 

participants and measure informal sector abortion among a population where such abortions are 

common could result in an exciting new tool for producing unbiased estimates of prevalence, safety, 

efficacy, and experiences with informal sector and/or unsafe abortion in various contexts. 

 

Application of RDS to the study of informal sector abortion  

While RDS was initially developed to identify “hidden” populations engaging in stigmatized, 

illicit, or otherwise hidden behaviors, it may offer a previously untested alternative to measuring 

informal sector abortions. We posit that women of reproductive age who live in settings where 

access to abortion is restricted are “hidden” populations, as they are missed by traditional sampling 

methods utilized in most studies of informal sector abortion incidence. For example, facility based 

studies may miss women who do not seek care, who may be systematically different in their 

experiences with informal sector abortion than those who present for services at clinics where the 

study is being conducted. RDS may be a more efficient approach to accessing a broader, more 

representative sample of women in which a less biased estimate of informal sector abortion 

incidence can be calculated. Ample evidence suggests that population-based household survey 

estimates of experiences with abortion, when asked directly, underestimate the true incidence of 

abortion24; this bias is likely further amplified in settings where abortion is highly stigmatized and/or 

criminalized. Another advantage of RDS is the possibility that the process of being recruited to the 

https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.1ci93xb


4 

 

study by a member of one’s peer network engenders trust between the participant and the 

interviewer; thus, RDS may potentially decrease the likelihood of underreporting of abortion.  

The validity of RDS as a sampling methodology relies on several key assumptions15,16,23. First, 

the population being recruited must know each other as members of the target population, and form 

social ties on the basis of this shared characteristic. Second, the referral process should result in a 

series of overlapping networks (networks of networks), rather than isolated referral chains. Third, 

sampling should replicate sampling with replacement. Additional assumptions are that participants 

can accurately report their network size and are randomly sampling their recruits from within this 

personal network. Studies employing RDS to study informal sector abortion should aim to evaluate 

these assumptions. 

In order to generate a less-biased, population-representative estimate of the lifetime 

prevalence of informal sector abortion, as well as test the assumptions underlying this novel 

application of the RDS method, we are conducting a Respondent Driven Sampling study in Soweto, 

South Africa. This paper presents our study methodology and explores the feasibility of applying 

RDS methodology to estimate the prevalence of informal sector abortion.  

 

FIELD TESTING THE RDS METHOD 

 

Study setting  

The study is being conducted in Soweto, South Africa, a large township in the City of 

Johannesburg.  Johannesburg is the largest city in South Africa, with a population of approximately 

5 million people. Women of reproductive age (15-49 years old) represent 30.2% of the total 

population, and 61.1% of the total female population in Johannesburg16. In South Africa an 

estimated 50% of abortions take place outside designated health facilities17; and according to the 

WHO 90% of self-induced abortions in South Africa are unsafe18. Given that abortion is a right 

protected by the Choice of Termination Pregnancy Act, reliable information about the prevalence of 

abortions outside of the formal health system is needed 19. Ethical approval for this study was 

granted by the Human Sciences Research Council in Pretoria, South Africa.  

 

Study participants and recruitment  

We established relationships with a variety of community-based organizations in Soweto in 

order to identify a diverse range of women of reproductive age to serve as “seeds” to begin RDS 

https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.35nkun2
https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.1ksv4uv
https://docs.google.com/document/d/1YauTVuuF2fQdUnH1_ZPdp2yG1ngxqoKzb4OkQ6qWrgk/edit#heading=h.2xcytpi
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recruitment. While in RDS methodology, the final sample is ultimately independent of the 

composition of the initial seeds, diversity of seeds may decrease the time until the sample reaches 

equilibrium, equilibrium, or the point of recruitment at which the demographic composition of the 

study sample does not change drastically with each successive wave of recruitment.14 20   

Seeds will respond to an initial interviewer-administered questionnaire regarding their 

experiences with abortion as well as information about the composition of their social network. 

After completing this questionnaire, seeds will be given three coupons with which to recruit other 

eligible participants, known as recruits, who are members of their social network. Eligibility criteria 

includes being a woman between the ages 15-49; able to speak English, Tswana, isiZulu, Sotho, or 

Xhosa; and living in Soweto. Parental consent will be obtained from participants who are under the 

age of 18.  

Recruits are instructed to call the study phone number listed on their recruitment coupon; 

project staff will assess eligibility and schedule an interview at a time and study site of the 

participant’s choosing. At the interview site, eligible participants who consent to participate in the 

study will respond to the interview-administered questionnaire. After completing the survey, these 

participants will also receive three coupons with which to recruit additional participants from their 

social network. Participants will receive an incentive of R75 (~ USD 6) for completing the main 

RDS questionnaire, and a secondary reimbursement of R50 (~ USD 4) for each successfully 

recruited study participant. Tracking referral chains is essential to adjusting for potential selection 

bias as a result of  seed dependence14. Each coupon contains a unique identifier which will allow the 

study team to track recruits and link them to their corresponding recruiters. 

When participants return to claim their secondary reimbursement for study participants 

whom they successfully recruited, they will complete a brief follow-up survey about their 

experiences participating in and recruiting for the study. If a participant indicated a prior history of 

abortion (either in the informal or formal sector) in the initial survey, they will be invited to 

participate in an additional survey and receive an incentive of R75 (~ USD 6). Survey data will be 

collected using Qualtrics21. 

Interview sites in Soweto were chosen because they provided a private and quiet space, and 

were known to and easily accessible for the target population. Sites will remain open for at least one 

week after the last coupon is distributed. Study recruitment began in early April 2018 and is expected 

to continue through at least October 2018. 
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Sample size 

Based on the best estimates of the prevalence of informal sector abortion in the general 

population, as well as RDS recruitment rates per seed in other stigmatized populations in South 

Africa22 23, we aim to recruit a sample size of 900 women to participate in the study. Recruitment 

numbers and convergence towards selected sociodemographic characteristics will be closely 

monitored. No further data collection will continue one-year after recruitment has begun. After 900 

participants have completed the main RDS survey, and equilibrium has been reached, no new 

coupons will be distributed. 

 

Instruments 

The main RDS instrument is a quantitative questionnaire with questions on demographic 

characteristics, social network composition, health behaviors, sexual history, pregnancy history, and 

experience with abortion. The RDS follow-up instrument has questions on the recruiting process, 

including questions on refusals. The abortion follow-up instrument has questions on participants’ 

abortion experience, including questions on feelings of preparedness, cost, treatment from 

providers, as well as attitudes towards abortion and contraception decision-making. Categories for 

informal sector providers and methods were informed by previous literature19 24 25, as well as findings 

from formative research for this study, in which in-depth interviews were conducted with 19 women 

from Soweto who had attempted to terminate a pregnancy outside of the formal health setting26.  

We conducted cognitive interviews with five participants who participated in the in-depth 

interviews to test key questions from the study instruments. Results from these interviews resulted in 

the refinement of key questions; for example, “terminating a pregnancy” and “abortion” was 

preferred to the term “ending a pregnancy,” which was easily confused with pregnancies that ended 

in stillbirth or miscarriage. Similarly, “backstreet abortion” was widely accepted as referring to 

abortions in the informal sector, while “TOP” (which stands for termination of pregnancy) was 

understood as abortions that took place in a formal health setting. The term “induced abortion” was 

not understood by participants and is not used in our final instruments. 

The primary outcome of interest for this study is lifetime prevalence of informal sector 

abortion, measured as the proportion of women in the study who report at least one informal 

abortion in their lifetime, adjusted for the RDS sampling methodology. The secondary outcome of 

interest for this study is 1-year and 5-year incidence of abortion (both in the informal sector and in 

the formal health setting). Key sociodemographic variables to compare representativeness with the 
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source population are age, educational attainment, employment status, and home language. Essential 

for calculating the RDS estimator is network degree, which is assessed by the following question: 

“How many women of reproductive age who live in Soweto do you know, who also know you, that 

you have seen in the past week?” This measure of network degree is in accordance with other RDS 

studies27 28. 

 

Analysis 

Data management will be conducted in R29 and Stata30. The estimated proportion of the 

population that has ever had an informal sector abortion will be calculated using the RDS-2 

estimator31 in R. This proportion is calculated as the number of respondents who report ever having 

had an informal sector abortion, weighted by the inverse of their network degree size (Equation 1).  

 

�̂� = ∑ 1𝑑𝑗𝑗∈𝐼 ∑ 1𝑑𝑗𝑗∈𝑆  

Equation 1: RDS-2 Estimator; where j indexes the respondent, S is the set of the full sample, I is the 

set of respondents who have ever received an informal sector abortion, dj is the self-reported 

network degree.  

 

Testing RDS assumptions 

In order to assess the feasibility of applying RDS methodology to estimate the prevalence of 

informal sector abortion in Soweto, South Africa, the core assumptions32 underlying RDS should be 

rigorously assessed. Assumptions and proposed methods for assessing these assumptions are 

reviewed below. 

1) Respondents are able to accurately report their degree within a network.  

While the true size of a respondent’s degree (network size) cannot be objectively verified, we 

will assess the distribution of reported degree size to assess plausibility, as well as for evidence of 

rounding. As mentioned above, our measure of degree is ascertained by the question, “How many 

women who live in Soweto and are of reproductive age (15-49) do you know by name and they 

know you by name?” and “Of these women, how many have you seen in the past week?” 

Respondents are probed to think through categories of individuals (i.e. family members, friends, co-

workers, neighbors) in order to minimize the tendency to estimate or round. At follow-up, 
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participants will be asked to report their degree again; this will be validated against their reported 

degree in the main instrument, and the reliability of this measure will be used to assess this 

assumption. 

 

2) Respondents randomly recruit from their personal network. 

Respondents are asked, “Of these women (in your social network, who you have seen in the 

past week), how many are currently working?”. The overall proportion of those reported to be 

currently working from possible recruits (degree size) will be compared to the proportion of those 

working in the study sample, as a crude assessment of random recruitment. As we have reasonable 

estimates of demographics of the target population from census data, we will also be able to 

compare the composition of our study population to the target population. In addition, respondents 

are asked at follow-up whether anyone they approached declined to accept a coupon; this will be 

used to calculate refusal rates. Lastly, respondents are asked an open-ended question “How did you 

decide who to give the coupon to?”; responses to this question will be coded thematically to assess 

the relationship between this decision and random recruitment.  

 

3) Network connections are reciprocated. 

First, the population being recruited must know each other as members of the target 

population, and form social ties on the basis of this shared characteristic. In an RDS study of 

informal sector abortion among women of reproductive age, the target population of interest is 

women of reproductive age. As women likely form social ties with other women based on their 

shared group membership, it is highly likely that an RDS study using this eligibility criteria meets 

this assumption. In order to assess whether these ties are reciprocated, respondents are asked “How 

do you know the person who recruited you?” at their main interview; at follow-up, respondents are 

also asked “How do you know the person who you recruited?” The proportion of respondents who 

report that they did not have a personal relationship with the person who recruited them will serve 

as an indication of whether this assumption has been met. In addition, participants are asked, “Do 

you think that the person to whom you gave a coupon to would have given you a coupon if you 

had not participated in the study?”, which serves as an additional check on the reciprocity 

assumption. 

 

4) The sample composition converges to equilibrium. 
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After sufficient waves, the composition of the overall sample should be independent of the 

initial seeds, in order to overcome the non-randomness of how the seeds were recruited32. Sampling 

should replicate sampling with replacement; as women of reproductive age are a large proportion of 

the total population, even an RDS study employed in relatively small geographical area is unlikely to 

have a large sampling fraction. Thus, the sample size recruited by RDS will likely be small relative to 

the overall size of the target population, mimicking a sampling with replacement process.  Time to 

convergence of key sociodemographic characteristics, as well as the overall percentage of the 

population that reported ever having an informal sector abortion, will be monitored. In addition, 

unlike other RDS studies, there is existing sociodemographic data on the target population that can 

be used to compare the overall representativeness of the sample to the underlying population.  

 

An additional proposed benefit of RDS is the possibility that the process of being recruited 

to the study by a member of your peer network engenders trust between the participant and the 

interviewer; thus, RDS may potentially decrease the likelihood of underreporting of abortion. To test 

this assumption, we have included questions about other potentially stigmatized and underreported 

health behaviors, tobacco and alcohol use in the main instrument. Increased reporting of these 

behaviors, relative to what is reported in the current South Africa Demographic and Health Survey 

may serve as an indication that the recruitment method encourages disclosure of under-reported 

health behaviors.  

 

CONCLUSION 

While Respondent Driven Sampling holds great promise for generating less biased, 

population-based estimates of informal sector abortion behaviors, to our knowledge, RDS has never 

been employed for generating informal sector abortion incidence or prevalence estimates. Accurate 

estimates are vital to developing targeted and effective programs, policies, and interventions to 

increase access to safe abortion and to improve women’s health. We explored the feasibility of 

applying the RDS methodology to estimate the incidence and lifetime prevalence of informal sector 

abortion, and outlined key assumptions that should be rigorously tested to demonstrate the potential 

of future applications of this method. 

Success of the RDS method will be determined by generating a study sample that has similar 

demographics to the overall population of women of reproductive age living in Soweto, as well as an 

assessment of whether the RDS assumptions have been met. An advantage of this study is that 
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demographics of the target population are known from census data, unlike most other applications 

of RDS for which no established sampling frame for the population of interest exists. While 

McCreesh et al found that RDS produced a generally representative sample in a non-hidden 

population, issues with bias were still present, mainly due to failure to meet certain RDS 

assumptions28. This study will attempt to quantifiably assess the RDS assumptions in order to 

determine the validity of our estimate. Metrics evaluated will be time to equilibrium, or the point of 

recruitment at which the demographic composition of the study sample does not change drastically 

with each successive wave of recruitment, as well as the length of referral chains, and reciprocity of 

network ties. Other assumptions key to the validity of the RDS estimate, such as random 

recruitment within the recruiter’s personal network, will be directly evaluated through items in the 

follow-up questionnaire. 

The potential advantages of RDS over existing methods for the measurement of informal 

sector abortion far outweigh the potential limitations. Results from this study can be used to 

evaluate the feasibility and appropriateness of using RDS to effectively recruit participants and 

measure informal sector abortion among a population where such abortions are common; positive 

results could demonstrate that RDS is an exciting new tool for producing unbiased estimates of 

prevalence, safety, efficacy, and experiences with informal sector and/or unsafe abortion in various 

contexts. RDS may have broad-reaching implications for abortion research globally as a mechanism 

to produce less-biased estimates of key abortion outcomes. 
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