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ORIGINAL ARTICLE

Respondent-driven sampling to recruit in-country migrant workers
in China: A methodological assessment
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Abstract

Aim: Respondent-driven Sampling (RDS) is a new form of chain-referral sampling, which is superior to random sampling
and traditional non-probability sampling in hard-to-reach populations. We employed RDS to recruit internal migrant
workers in Chengdu, Sichuan Province, China, and examined whether it could be successfully used in this population.
Methods: 1,270 migrant workers were recruited into the study. Social demographic information, social network size, and
geographic information about participants’ residential locations were collected. RDSAT software and geographic
information system (GIS) technology were used to examine whether RDS was successful. Results: The results showed
that the sample compositions converged to equilibrium very quickly. Sample representativeness testing results showed that
females (t=3.61, p <0.001) and people aged 46 years old and above (t=3.222, p <0.001) were under-represented. GIS
results showed that respondents were concentrated in the vicinity of the third road ring of Chengdu, especially in the areas of
3, 4 and 21, which were close to the investigation site. Conclusions: The results demonstrated that RDS is a robust
sampling method in the study of migrant workers. Despite its potential utility, it is also important to
recognize and mitigate potential limitations, such as geographic proximity.
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Background population influx. Despite readily evident macro-
economic benefits arising from migrants’ work, the
attitudes of urban residents are mixed, at best.
Migrant workers are defined as people who are 16
years and older, and who leaves their Aukou (regis-
tered residence in China) to work in another place.
Most often internal migration occurs without a
change in hukou status. Under the prevailing
system, people are categorized as either residing in
agricultural or non-agricultural households, holding

China has been experiencing the largest in-country
migration in history, one that is characterized both
by permanent relocations and seasonal shifts in the
labour force. Data from the 1% national sample
survey of population in 2005 showed that China had
a minimum of 147 million internal migrants, and this
number has been increasing yearly [1]. It is indis-
putable that migrant workers have made extraordi-
nary contributions to China’s rapid economic -
development. However, national and regional poli- rural fwkou or urban hukou, respectively. When
cies, and social systems and city infrastructures have strictly enforced in the past, hukou defined where
not been prepared to receive this magnitude of an individual could live and work [2]; even now it
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affords different privileges to migrants and local
residents. Although Aukou control has been relaxing
steadily since the 1980s, migrant workers remain
excluded from the benefits of city systems, resulting
in greatly diminished access to job opportunities,
educational opportunities, good residential sur-
roundings, social welfare support, and medical
insurance.

All of these barriers potentially serve to establish
conditions that may compromise the health status of
migrant workers, whose occupational choices can
also add to potential health burdens. Most are
involved in manufacturing or physical labour, and
many, especially men, are hired for dirty or danger-
ous employment that local people avoid [3]. They
work long hours, receive less pay, and hold lower
social status [4]. In addition, migrant workers are
usually geographically segregated, live in poor com-
munities, and are perceived by urban dwellers as
undesirable people who create multiple social prob-
lems, such as traffic congestion, crimes, illegal
marriage, and disruption of family planning in the
cities. It is in the midst of such contexts that the
health issues of migrant workers have aroused
attention [5].

Given their marginal status and often transient
residential circumstances, researchers have fre-
quently encountered numerous obstacles when seek-
ing to recruit a representative sample of migrant
workers. While current policy requires that migrants
register at local police stations and obtain a tempo-
rary residential permit, it has been a daunting task to
construct a representative sample. Despite require-
ments, many migrant workers do not register. Their
high level of job mobility, the essential feature that
makes them attractive to employers, also makes it
very difficult to recruit them into a study. Thus,
random sampling is not feasible.

For most recent studies, non-probability methods
such as convenience and targeted sampling have
been employed to recruit migrants in China. Sites
selected for sample recruitment have included work
sites (e.g., factories and construction sites), restau-
rants, and entertainment settings [6—8]. Strengths of
non-probability sampling methods include the lack
of a need to construct a sampling frame, which is
hardly possible for migrant workers, and the conve-
nience of readily identifying potential migrant par-
ticipants, especially when going to working sites.
However, there are recognized limitations, including
an inability to make generalizing statistical infer-
ences, which is possible with probability samples,
and the considerable likelihood of powerful sample
biases occurring when tapping specific work sites to
define potential subjects.

A new method introduced by Heckathorn, called
“respondent-driven sampling” (RDS), has been
developed to recruit difficult-to-reach people, such
as intravenous drug users (IDUs), men who have sex
with men (MSM), and commercial sex workers
(CSWs) [9-11]. In RDS, a sample is collected
using a subject-referred or chain-referral procedure,
and this approach is suitable for reaching people who
may be members of low frequency population groups
or who exist on social margins. It starts with
identification of potential “‘seeds,’” individuals who
are then asked to recruit their peers into the study,
who in turn further refer their peers, and so on. Each
participant, however, is limited to referring two to
four peers to avoid bias, and the process will
continue until the sample achieves “‘equilibrium,”
a condition where the final sample composition has
stabilized and become independent of the number
and types of seeds. The recruitment of RDS can be
considered as a Markov process. According to the
law of large numbers for Markov chains, the sample
compositions should reach equilibrium as the
recruitment process unfolds — irrespective of the
characteristics of the initial sample [9]. Theoretical
equilibrium sample composition can be calculated
using the equations shown in a paper of Heckathorn
[10]. Limiting the number of referrals that each
participant may enlist serves to extend the recruit-
ment chain to multiple waves before achieving
equilibrium.

RDS goes beyond random sampling and is inher-
ently more effective when there is no defining
boundary of a potential target population, prevent-
ing development of a definitive sampling frame, or
when it is difficult to clarify. The method is superior
to other snowball sampling techniques by incorpo-
rating sampling procedures and analytical tools that
allow for calculating unbiased population estimates.
Consequently, RDS utilizes the reach of snowball
sampling while maintaining the potential for formu-
lating unbiased statistical inferences [12].

The effectiveness of respondent-driven sampling
has been demonstrated in several studies [9,10,13].
In China, although this method has been used in the
study of MSM and boys involved in prostitution
[14,15], it has yet to be tested among migrant
workers. Migrant workers are not as hidden as
IDU, CSW, and MSM; however, they are scattered,
transient, and hard to reach. RDS may provide a
method to better obtain representative samples of
migrant workers.

In this study, RDS was applied for the first time to
recruit migrant workers in Chengdu, Sichuan
Province, China. RDS depends, in essence, upon
using the inherent sample bias of the group to be
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studied; in this case, migrant workers are more likely
than a random sample or geographically based
sampling to recruit other migrants, who when the
process is completed most closely represent the
overall universe of these workers. However, not
having an a priori measure of the members of this
unbounded universe, it is necessary to use other tests
to ascertain the representative quality of the sample
and to specifically guard against unwanted internal
sample biases (i.e., that members of the sample
inadvertently reflect idiosyncratic characteristics of
one or several of the initial “seeds”).

Thus, in this paper we report on an examination of
our sample to determine whether it was ‘‘success-
ful,” specifically in terms of the criteria that others
have established to define the quality of recruitment.
These criteria include two elements, convergence
and representativeness. 1) Convergence of the
sample: A mean absolute discrepancy between the
actual sample and the theoretically computed equi-
librium sample composition smaller than 2% indi-
cates convergence. When calculating mean
discrepancy across more than two groups, weighted
mean absolute discrepancy is used where the fre-
quency of recruits in each group was used as the
weight [11]; 2) The inferred representativeness of
the sample: Once it has been established that the
sample waves reach convergence, representativeness
is demonstrated by non-significant discrepancies by
t-test between actual sample compositions and esti-
mated corresponding population compositions (e.g.,
once there has been convergence on gender compo-
sition in successive waves, it is possible to calculate
the likely gender composition of the population from
which the sample was drawn), the latter of which
could be computed by RDSAT computer program
that is available free at www.respondentdrivensam-
pling.org. This is computed using the equation
shown in Appendix A of Wang (2005) [16].

In addition, we used geographic information
system (GIS) technology to map the expanding
geographic pattern of RDS from wave to wave, an
innovation that has, to the best of our knowledge, not
been used in previous RDS studies. We recognized
the possibility that our sample might well be repre-
sentative within a limited geographic region, but yet
fail to sufficiently recruit farther-away migrant
workers for whom participating in the study would
be very inconvenient. Mapping the sample thus
allowed a means of examining whether our subjects
came primarily from one region of Chengdu, or more
broadly reflected the residential sites where migrants
are known to live. It thus served as an external check
that complemented the internal criteria that have
been used previously.

Materials and methods
Respondents

The population of interest for this study included
migrant workers in Chengdu, Sichuan Province,
China. To be eligible for the study, respondents had
to satisfy three inclusive criteria: 1) respondent did
not hold a Aukou indicative of living in central areas
or near suburbs of Chengdu city; 2) respondent must
have been 16 years or older; 3) respondent could not
be a student. Face-to-face interviews were con-
ducted in the Wuhou district, which is located
downtown and conveniently accessible using public
transport. Informed consent was obtained from all
participants following a protocol that was approved
by Sichuan University Medical Ethic Committee.

Implementation of RDS

The RDS was implemented so that the final sample
would be independent of the number and types of
seeds, irrespective of the strategy used to recruit
seeds. Using a heterogeneous group of seeds, we
accelerated the speed of achieving equilibrium; eth-
nographic research was used to identify seeds
[17,18]. In this study, we used a total of 12 seeds
after taking gender, age, occupation, and residential
sites into consideration. It is notable that the optimal
number of seeds to recruit a particular sample size is
still being tested. Experience to date has suggested
that between six and 20 seeds is preferable, depend-
ing on the desired sample [19].

Each seed was given three coded coupons to
recruit peers. We then consented and enrolled per-
sons who presented one of these (valid) coupons and
who we deemed eligible; in turn, each new enrollee
was given three coded coupons for the purpose of
recruiting peers. A dual incentive system was used: A
“primary incentive’ of RMB40 (about US$5.9) was
paid to each participant as compensation for the time
spent completing an interview, which lasted about
1-1.5 hours. The “‘second incentive’ was built using
a laddered method to promote enthusiasm for refer-
ring, which included RMBI10 (about US$1.5) for a
single referral to the project, RMB25 (about US$3.7)
for two, and RMB45 (about US$6.6) for three.

In order to control repeated participation, an ID
number registration system was created. In China,
every person has an identification card with a unique
number and a photo; ID numbers were registered
once each person provided consent. Upon enrol-
ment, new potential participants were asked to show
their ID, which was checked against our list of
previous participants to assure that they were new to
the study. In addition, respondents were asked to
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report the number of potential participants they
knew, which was used as well as part of our RDS
analysis.

Analytic approach

Sample analyses were conducted following comple-
tion of the RDS process. As a first step, we described
the seeds and respondents in each wave, including
the productivity of the seeds, the referral chains
connected to each seed, and compositional charac-
teristics of the sample. The characteristics selected
for sample analysis included gender (1 — males; 2—
females), age (1 — age 16-25; 2 — age 26-35; 3 — age
36-45; 4 — age > 46), occupation settings (1 — con-
struction; 2 — manufacturing; 3 — restaurant and
entertainment; 4 — commercial; 5 — services; 6 — office
worker; 7—unemployed). Next, the characteristics of
the actual sample composition were described and
the equilibrium sample composition was calculated
based upon the characteristics of the convergent
waves. From this, the estimated population compo-
sition was computed. Analyses were done by
RDSAT computer program.

Weighted discrepancy between actual sample and
equilibrium sample was computed using frequency
of recruits in each group as the weight. And differ-
ences between actual sample and estimated popula-
tion were tested by using the equation shown in
Appendix A of a paper of Wang et al. [16].

Geographical mapping

A geographic information system is a collection of
computer hardware, software and geographic data
used to analyze and display geographically refer-
enced information. GIS provides a method by which
geographically dependent data can be displayed in a
readily accessible visual format.

In this study, each respondent was asked for the
location of residence that in turn was mapped by a
geographic information system (ArcGIS). In the
first stage, a digital map of central area Chengdu was
vectored in terms of main roads and boundaries, and
residential location. Then vectored data were ren-
dered and developed into thematic maps. In this
way, the geographic distribution of respondents of
each wave and subsequent waves could be easily
visualized from the map.

Coordinates of the investigation site (Wuhou
district CDC) and residential locations of respon-
dents were recorded, which were in turn used to
calculate maximum, minimum, and median dis-
tances between the investigation site and residential
locations of respondents in each wave, which was

intended to allow us to track the expanding response
pattern of RDS.

Results
Descriptive results

The study was initiated in September 2008 and
completed in June 2009. Twelve seeds were iden-
tified. Of the 12 seeds, one seed did not refer anyone
into the study, and one seed referred only one
participant. They were defined as “‘infertile’ [16].
Therefore, a total of 1,256 respondents were
recruited based upon 10 seeds: 10.5% of respon-
dents were referred by their relatives, 9.1% by
people from the same county (Lao Xiang), 29.7%
by colleagues, 46.7% by friends, and 4.1% by
friends of friends.

The increases in the number of recruits, as well as
the sample compositions over recruitment waves in
terms of gender, age, and occupation are shown in
Table I. Although gender, age, and occupation were
taken into consideration at the stage of seed selection,
the initial sample of 10 was viewed by us as deficient
in two respects. No seeds in the group were older
than age 46 years, and none were working in
construction sites. The former may have reflected a
fundamental age skew among migrant workers, but it
initially raised concerns. The latter clearly did not
represent a bias among workers, because migrants
compose much of the local pool of construction
workers in Chengdu; rather it was an unanticipated
outcome of our initial approach to sampling.
Fortunately, as the referral chain grew over the
time of our sampling, the composition of each wave
changed and gradually stabilized. The final sample
compositions are shown in the last row of Table I.

Results from RDSAT

Because seeds were obtained by a different sampling
strategy, they were not included in the RDSAT
analysis. The results of sample analysis are shown in
Table I1. The weighted mean absolute discrepancies
between the actual and equilibrium sample compo-
sition were 0.3%, 0.6%, and 0.4% for gender, age,
and occupation, respectively, all of which were
much less than 2%, indicating equilibrium had
been achieved. Sample representativeness testing
results showed that males (z=3.61, p<0.001),
people in the age group of 26-35 (r=3.85,
$»<0.001), and people working in offices were
over-sampled (z1=5.286, p<0.001). In contrast,
females (z=3.16, p <0.001), people aged 46 years
old and above (r=3.222, p»<0.001), and
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Y Wuhou District CDC

Figure 1. Cumulative changes in the distribution of residential locations over waves. (a) Zero wave; (b) first wave; (c) second wave; (d)

third wave; (e) fourth wave; (f) fifth wave; (g) sixth wave.

Table III. The number of respondents and corresponding compositions in downtown, suburban, and exurban areas.

Area GIS code n (%)
Downtown With the first ring 1,2,3,4 453 (35.8)
Between the first and the second ring 5,6,7,8 229 (18.1)
Between the second and the third ring 9,10, 11, 12 281(22.2)
Suburban Between the third and the fourth ring 13, 14, 15, 16, 17, 250 (19.7)
18,19,20,21
Exurban Out of the fourth ring 22, 23, 24, 25 26 53 (4.2)

GIS: geographic information system.

Table IV. Distances between living locations of respondents and investigation site of each wave.

Wave Minimum distance (m) Maximum distance (m) Median (m) Percentiles 25 (m) Percentiles 75 (m)
Zero wave 990.8 8,760.8 3,911.6 2143.4 6523.0
First wave 915.0 8,519.6 3,998.1 2,498.7 6173.8
Second wave 949.67 18,300.0 4,322.2 2,239.6 6542.1
Third wave 1,075.3 17,700.0 4,284.3 2,207.9 6933.0
Fourth wave 269.1 13,900.0 3,862.1 2,143.7 5919.4
Fifth wave 273.2 17,100.0 3,897.9 2,487.9 6457.8
Sixth wave 251.0 17,800.0 3,653.8 1,585.7 5635.4

our strategy to identify seeds introduced by research
team members or team members’ friends, which
turned out to be successful.

This strategy had two advantages. First, mutual
confidence between seeds and the research team was

easier to establish, and as a result, our communica-
tion was more informal and informative. The better
that seeds understood the objectives and procedures
of the study, the greater the possibility of their
recruiting well-informed, cooperative peers. Second,
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the connection between the seeds and the team were
more robust — that is, more effectively sustained —
which led to a greater percentage of referrals. Eight of
the 12 seeds (66.7%) recruited at least three peers,
which greatly exceeds the 11.8% reported in a previous
study done in MDMA (3,4-Methylenedioxymetham-
phetamine (“Ecstasy”)) users [16].

RDS has a dual incentive system — rewarding initial
participation and peer referral. An intensive ‘“ladder-
ing” strategy was employed in the study, which we
think would promote activity of respondents to refer
their peers. Among people who did referral, 80.4%
referred three peers into the study, 10.6% referred
two peers, and 9.1% referred one peer. This pattern
was different from the previous ‘“benchmark” study,
in which 44.1% had a single recruit, 31.8% had two,
16.4% had three, and 7.7% had more than three [16].
The laddering incentive system apparently had a
positive motivational impact on respondents. Beyond
this direct financial incentive, we observed that peer
pressure played an important role. For example,
several participants reported that they came to the
study to support their friend and not for the direct
incentive — statements which had greater credibility
when we noted their relative high incomes.

Equilibrium and representativeness of the sample

The results indicated that the sample achieved
equilibrium, implying that the referral chain of the
RDS method of recruitment would converge quickly
for migrant workers. However, an RDS sample may
not necessarily be representative of the target pop-
ulation even though sample composition reaches
equilibrium due to discrepancies between the earliest
waves and subsequent waves that reached conver-
gence. In our study, the results showed that females,
people aged 46 years old and above, and unemployed
migrants were under-represented (Table II).

Our data suggest that, compared with previous
studies, we had a smaller overall proportion of male
migrants and construction workers in our estimated
population, and a larger proportion of migrants aged
46 years and above. There were several potential
explanations. The targeted population for this study
was different from others. We focused on recruited
migrant workers in Chengdu, who included rural-
to-urban migrants and urban-to-urban migrants; in
contrast, many other studies dealt exclusively with
rural-to-urban migrant workers.

A second explanation reflects the gender compo-
sition of migrant workers in Sichuan. According to
the Year 2000 Census data for the province, there
were 87 male for every 100 female workers [21],
which may be different from that of the national level

or other province. The ratio in the present study was
69 male workers for every 100 females, which was
lower than that in the Census data. This difference
may reflect geographic limitations of RDS, which we
will discuss, and it might also result in part between
changes in the migrant population between 2000 and
June 20009.

Thirdly, different sampling methods were
employed. In previous studies, non-probability sam-
pling strategies were employed so that construction
sectors and factories were the most popular study
sites for researchers. These sampling strategies were
more likely to recruit male and younger migrant
workers working in construction and manufacturing
sectors, but less likely to include dispersed migrant
workers, such as those who work for themselves,
babysitters, unemployed people, and so on. RDS has
its unique advantages in penetrating a targeted
population and recruiting scattered subjects.
Because most of the construction sector and
manufacturing factories are located outside the
third ring of Chengdu, which is a long way from
the investigation site, it could inhibit including
people working there into our study. This is attrib-
uted to the geographic limitation of RDS.

These differences provided us a picture of char-
acteristics of migrant workers in Chengdu — that is,
having more female migrant workers and having
more migrants working in commercial sectors. They
also indicated that previous studies might have
underestimated the proportion of female migrants,
and migrants aged 46 or above. Since construction
migrant workers, factory migrant workers, and
entertainment migrant workers are easier to recruit
into a study compared with migrant workers working
in another area, most previous studies chose them as
study subjects. RDS provides us an alternative and
feasible way to obtain a better representative sample
of migrant workers.

However, RDS has two limitations. The estimated
compositions are asymptotically unbiased under the
assumption of random selection of peers from per-
sonal networks. This is difficult to fulfill in practice.
Fortunately, Heckathorn’s simulation study showed
that RDS was able to generate a sample that provides
a good cross-section of the targeted hidden popula-
tion [9]. Although the RDS sample was not a random
sample of a targeted population, it could be consid-
ered the best one could expect from a target popu-
lation where random sampling was impossible.

Geographic distribution of respondents by RDS

The other limitation that we uncovered related to the
geographic challenges associated with a study using
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RDS. We estimated that in our study the numbers of
construction workers and manufacturing workers
were underestimated due to the specific geographic
distribution of these sectors in Chengdu. Our GIS
maps visually depicted the distribution of the resi-
dential locations of respondents and how the distri-
bution changed with additional waves. As seen in
Figure 1, higher responder density was associated
with residing closer to the investigation site, with
most respondents residing in downtown and subur-
ban areas of Chengdu. These findings reinforce the
observations that we had less recruitment from the
construction sites that were primarily near the 3rd
ring. RDS, when it is tied to a face-to-face interview,
appears to have an underlying spatial dimension that
complements its social network assumptions. We, in
retrospect, detected an apparent relationship
between incentive and distance-to-interview site.
By computing for each wave the minimum distance,
maximum distance, median distance, and the 25th—
75th percentile distances between residential loca-
tions of respondents and the interview site, we found
that respondents expanded in the first three waves
and then stopped going farther under current incen-
tive strategy.

It appears that respondents computed their own
cost—benefit analyses, including accessibility, and
time and transportation costs. Potentially, one might
expand the sampling range further by increasing the
incentive. Alternatively, increasing the number of
investigation sites likely enhances representativeness
by promoting respondent convenience, and lessens
the tendency for potentially biasing ‘‘cost—benefit”
analyses.

Thus, even if one achieves a fully “representative’
sample using the internal modelling criteria that have
been employed in this and other studies, it may be
entirely possible to miss a meaningfully different
segment of a potential target population based on the
location of interview sites. This finding adds to our
understanding of the sampling strengths and limita-
tions of on-the-ground RDS.

Conclusions

Given that respondents refer their peers into further
waves of a study, our results reinforce the belief that
RDS can be used as a strategy for sampling difficult-
to-identify migrant workers, in addition to socially
marginal individuals. Thus these findings have
practical implications for future applications of
RDS to research involving migrant workers in
China, and perhaps in other countries as well.
Moreover, researchers do not need to employ field

workers who struggle to identify subjects in dis-
persed communities, saving resources and improv-
ing access to people who work is outside the scope of
most researchers community ‘“‘reach.” Since each
respondent has self-selected, study participants are
very likely to be cooperative, which further enhances
the quality of the study.

RDS also has some disadvantages that must be
recognized for future studies. First, researchers do
not control when potential respondents would
appear. For example, at the beginning of a study,
there might be a few, but when the chain extends to
the third wave, an investigational site may be inun-
dated, overwhelming the capacity of researchers to
efficiently interview new participants. To avoid this
possible complication, we recruited our initial 12
seeds in a staggered fashion. We also scheduled each
respondent’s interview as a way to control the flow of
new entries. Together these approaches proved to be
effective.

RDS is built upon an intentional sample bias; that
is, it depends specifically on peers recruiting peers.
We used RDS successfully for recruiting migrant
workers into this study. This method had the
advantage of penetrating into migrant groups that
lay beyond the reach of outside investigators, and
enabled us to reach highly dispersed workers who
would have been much more challenging to identify
using conventional non-probability sampling meth-
ods. Even as we see great advantages for RDS
methods for future epidemiological or sociological
studies of migrant workers, it is important to recog-
nize and mitigate potential limitations, such as
geographic proximity. We suggest a multisite strat-
egy to decrease such effects for future studies.
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