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Abstract

Measurements of adult mortality are a vital part of understanding the health and
well-being of populations everywhere. In countries that lack high-quality death reg-
istration data, including most of Sub-Saharan Africa, adult death rates must be esti-
mated using alternative strategies. This study aims to enlarge and improve our arsenal
of methods for doing so. We introduce a new, survey-based technique that can be used
to estimate adult death rates from respondents’ reports about their social networks.
We test this method using a nationally-representative survey of 5,000 Rwandans that
will take place in June-August of 2011. Although no gold-standard estimates of adult
mortality are available for validation in Rwanda, we will evaluate the plausibility of our
results and conclude with a discussion of what implications they have for improving

the method in future applications.
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1 Introduction and overview

Measurements of adult mortality are a vital part of understanding the health and well-
being of populations everywhere. Death rates above age 15 are needed to compute life
expectancy, to understand socioeconomic and occupational differences in health, and to
measure the impact of large health events, such as the availability of new medical treatments
for certain diseases, or the impact of HIV/AIDS. In the developed world, near-complete
death registration and regular censuses provide scholars and policymakers with the data
necessary to understand levels and trends in adult death rates over time. In the developing
world, and particularly in Sub-Saharan Africa and Asia, these sources of information are
often incomplete or unavailable (Setel et al., 2007). For example, for almost all of Sub-
Saharan Africa and much of Asia, figures for life expectancy at birth that are compiled
by international agencies are essentially statistical guesses (Reniers et al., 2011). Two
leading experts in adult mortality estimated that 85% of the people in the developing
world live in areas where no gold-standard measurement of adult mortality exists (Hill and
Timaeus, 2004). This lack of information makes it impossible to ascertain the population-
level effectiveness of health policies, such as the distribution of antiretroviral drugs to
treat HIV-positive people or efforts to curb the smoking epidemic. It also hinders efforts
to accurately project the age and sex composition of national populations in the future,
which makes creating policy for labor markets, educational and health systems, and other

social programs very difficult.

This study aims to help enlarge and improve our arsenal of methods for estimating adult
death rates by providing the first empirical application of the data-augmented network
scale-up method. This new, survey-based technique is an extension of the network scale-
up method, which uses respondents’ reports about members of their social networks to
estimate the size of a hard-to-count group (Bernard et al., 2010; Killworth et al., 1998a).
The data-augmented network scale-up method collects more information about the mem-
bers of respondents’ social networks, permitting us to estimate occurrence-exposure rates.
In this application, we collect information on the age and sex of deaths to estimate age-
and sex-specific death rates. If the assumptions of the data-augmented network scale-up
estimator are valid, we would expect it to improve upon some of the shortcomings of a

widely employed alternative, the sibling survival method.

The remainder of this extended abstract begins by describing the new estimator and its
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relation to the network scale-up method in more detail. Next, we present the first empir-
ical estimates of adult death rates from the new method, using data from a nationally-
representative survey of about 5,000 people in Rwanda. Since no gold standard measure-
ments of adult death rates are available in Rwanda, we will use a range of demographic
techniques to evaluate the plausibility of our estimates. In the future, once the results of
the 2010 Rwanda DHS are available, we will also be able to compare our estimates to the
ones produced by sibling survival module on that survey. We conclude with a discussion of
how these preliminary empirical results suggest that the data-augmented network scale-up

method be modified or improved in future studies.

2 Social network methods for estimating the size of a target

population

We begin with a description of the network scale-up method, upon which our new estimator
is based. We then explain why the network scale-up method cannot produce estimates of
the quantities most relevant for the study of adult mortality, and proceed to introduce the

data-augmented network scale-up method, which can.

2.1 The network scale-up method

The network scale-up method is based on the assumption that members of people’s social
networks are, on average, representative of the general population (Bernard et al., 2010).
On a standard survey, respondents are asked to report about themselves, and inferences
about the general population are made from those responses. On a network scale-up survey,
respondents report about members of their networks, and these reports are used to estimate
the sizes of hard-to-count groups. In the literature, these hard-to-count groups are often

called target populations.

The scale-up method proceeds in two steps, which we will elaborate in more detail below.
The first step is to estimate how large each respondent’s social network is, and the second
step is to estimate what fraction of each respondent’s network is in the target population.
The intuition is given in Figure 1, where the members of the general population are rep-

resented by circles. We wish to estimate the size of the target population which, here, is
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the circles colored grey. A quick count shows that, in reality, there are 30 members of
the whole population, six of whom are grey. To produce an estimate, we begin by taking
a sample of the population members. In this simple example, our sample has size 1 and
the selected respondent is colored black. We ask the respondent a series of questions that
estimate the number of people in her social network; here, this is 10. We also ask her how
many of the people in her network are grey. In this case, the response is 2. The result is

that we estimate that the size of the grey population is % x 30 = 6.

Mathematically, the scale-up estimator can be written as

N, = 2Zi¥% o, (1)
Ei di

where NV, is the size of the target population to be estimated, N is the size of the total

population, y; is the number of members of the target population reported to be connected
to the ¢th survey respondent, and d; is our estimate for the network size of the ith survey
respondent (Killworth et al., 1998a).

By asking about the people in each respondent’s network, we learn about many more people
than we interview. This is a big advantage when we are trying to measure rare populations,
whose small size means that a direct approach to measuring them would require very large

samples. In this way, the NSUM estimator is similar to the sibling survival estimator.

Definition of a network connection In order to employ the network scale-up estima-
tor, we must first to establish is what it will mean for a respondent to be connected to
someone! (Bernard et al., 2010; Killworth et al., 1998b). In Figure 1, this is the definition
that determines whether or not a pair of circles is connected with an line. A commonly
used definition in the network scale-up literature, referred to as the “basic” defintion of a

network tie in this paper, is to tell the survey respondent that she is connected to someone

if:
e you know the person and the person knows you, by sight or by name

e you have been in contact with the person over the past two years, either in person,

on the phone, by mail, or on line

'In the network literature, connections are often referred to as ’ties,” so that we could say two people
are connected or, equivalently, that there is a tie between them.
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Figure 1: Illustration of the network scale-up estimator for the size of a target population.
In the figure, each circle represents a member of the population. Those colored grey are
members of the target population whose size we’d like to measure. The black circle is our
survey respondent. Each of the people connected to the respondent is indicated by a line.
The respondent reports being connected to two members of the target population; her total
degree is 10, so the scale-up estimate of the total population size is % x 30 = 6.
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e you could contact the person if you needed to

Many other definitions are clearly possible. The NSUM study in Rwanda explored two dif-
ferent definitions in an attempt to determine which one is most effective, and how sensitive
estimates are to the choice of definition. The first definition was the basic definition of a
connection, discussed above. The second definition inclues all of the criteria of the basic

definition, but adds the following criterion:

e people you have shared a meal or drink with in the past 12 months. These could
be family members, friends, co-workers, or neighbors. You should include meals or

drinks taken at any location, such as at home, at work, or in a restaurant.

In general, we expect a good definition of a connection to be clear, easy to remember, and

likely to be applicable in many different settings.

Estimating the size of respondents’ networks Once we have settled upon a defi-
nition of a connection, there are several methods available for estimating the size of each
respondent’s personal network; the one we consider here is called the known population
method (Bernard et al., 2010). We begin by identifying several populations whose total
size is known; for example, administrative records may give us a total count of the number
of mailmen in the population. We then ask each survey respondent how many mailmen
she knows; we expect the number she reports to be proportional to the size of her network.
If there are 10,000 mailmen in a country with a population of 1 million, and a respondent
reports being connected to one of them, then we estimate that the size of her personal

network is

1 = 100.
10,000 x 1,000, 000 00

By asking questions about many populations of known size (typically about 20), we can
obtain a more precise estimate of the size of each respondents network. Mathematically,

we compute our estimate of the size of respondent ¢’s personal network, aAll-, with

3 Zkyik
di: XN, 2
Zka ( )

where k indexes the known populations, y;x is the number of people respondent i reports

knowing in known population k, N, is the total size of known population k, and N is the
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total size of the whole population (Killworth et al., 1998a).

Once we have estimated the size of each respondent’s network, the application of the NSUM
estimator is straightforward, and requires only a question on the number of members of

the target population the respondent is connected to.

There are many advantages and disadvantages to the NSUM approach; a thorough discus-
sion of them can be found in Bernard et al. (2010). Below, we will briefly review some key

points in the context of the modified estimator that we propose for mortality rates.

Applications to date To date, the NSUM approach has been used mainly to estimate
the size of groups of interest to the public health community — for example, the size of
populations most at risk of HIV/AIDS: injecting drug users, men who have sex with men,
and female sex workers; Bernard et al. (2010) has a complete description of the various
application of the method to public health. Although in many cases the estimates from the
scale-up approach have been in broad agreement with other strategies for estimating the
sizes of these groups, there have been few opportunities to validate the method by using
it to try and measure the size of a group whose total is known (but not used in estimating

the social network sizes).

2.2 The data-augmented network scale-up estimator and its application

to adult mortality rates

The NSUM estimator could measure crude death rates simply by taking the target popu-
lation to be the number of people who have died over a given time period?. Unfortunately,
this quantity alone is typically of little use to researchers and policymakers, since the num-
ber of deaths in a population is dramatically affected by its age structure. For example,
recent UN figures put the crude death rate in Sweden to be about 10 deaths per 1,000 peo-
ple, while the same figure for Mexico is about 5 deaths per 1,000 people (United Nations
Population Division, 2008). However, it would be misleading to conclude from those num-

bers that Mexicans are, on average, healthier than Swedes. Instead, Mexico’s population

2In this case, strictly speaking, the definition of a tie should not require that the respondent be able
to get in contact with the people she knows. In practice, experience leads us to predict that this will not
have an impact on respondents’ reports, especially if interviewers are well trained. Nonetheless, this will
obviously be a consideration in choosing the definition of a tie that will be used in the study.
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is much younger than Sweden’s, and younger people everywhere are less likely to die than
older people. In general, scholars and policymakers need estimates of death rates to be

broken down by age and sex to be useful.

Recall that the age-specific death rate is defined as

(3)

D, is the number of deaths occurring to members of the population who were age a, and
N, is the number of person-years of exposure at age a in the population. The NSUM
approach can be adapted to estimate this quantity: for each death the respondent reports,
we can collect the age and sex of the decedent, along with any other characteristics of
interest. This information will permit us to estimate the total number of deaths and also

their distribution by age and sex. Putting this in terms of Equation 1:

B, = Zilie .y (4)
2 di

Where l/)\a is the estimated number of deaths in age group a in the population, and y; , is
the number of deaths in age group a reported known by respondent i. Equation 4 is thus

an estimator for the numerator of the age specific death rate in Equation 3.

The difficulty is then to estimate the exposures that are in the denominators of the death
rates we wish to compute from Equation 3. The total size of the population we learn
about is easily estimated as the sum of the respondents’ network sizes, c?i, but in order
to compute death rates, we need to know the age-sex distribution of those people. Put
another way, in order to produce estimates of death rates, we need to be able to estimate
the age and sex distributions of the acquaintances that respondents report about. This
would be hard to measure directly, because it is difficult to obtain a random sample of
a respondent’s acquaintances, and it is implausible that a respondent would be able to
accurately list all of them. A first approach would to assume that the age-sex distribution
of people’s acquaintances is the same as in the population as a whole; then, we could
simply use the age-sex distribution of the survey respondents as an estimate of the age-sex

distribution of their acquaintances.
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A better estimate of the age-sex distribution of the set of acquaintances being reported
about by all of the respondents makes use of the estimated degrees of the respondents
themselves. If the average 20 year old knows twice as many people as the average 60 year
old, we can assume that the average 20 year old shows up in the set of acquaintances that
respondents report about twice as often as the average 60 year old. Mathematically, we

can estimate the size of the set of acquaintances in age group a, P,, using:

5" Zjesa dj

P, = X N, (5)
Zies di

where S, is the survey respondents in age group a, and S is all of the survey respondents. ﬁ;
is thus the product of an estimate of the fraction of respondents’ acquaintances in age group
a and the total population size. This simple estimator for P, we currently propose might be
improved upon through the incorporation of information about the age-sex distribution of
the known populations; if that information is available, the model proposed by McCormick
and Zheng (2011) could be explored as a method for estimating the denominator of death

rates.

Put together, the new estimator for age-specific death rates is

—

. D
My = —, (6)
P,

where ]5\(1 is estimated using Equation 4, and E is estimated using Equation 5. Since
this estimator is based on the idea of the network scale-up method, but requires us to
collect more information about the members of respondents networks, we call it the data-
augmented network scale-up method (DANSUM). It permits us to estimate occurrence-

exposure rates from a network scale-up survey.

Disadvantages There are several disadvantages to the DANSUM approach to estimating
death rates. The first is that it requires us to estimate the size of each respondent’s

network®. As we discussed above, our preferred way of measuring the size of respondents’

3 Actually, a closer look at Equation 1 reveals that we only need to be able to estimate the sum (or,
equivalently, the mean) of the sizes of the respondents’ networks.

10
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networks requires a set of population groups whose total size is known (Bernard et al.,
2010). Studies in the US and similar countries have used high quality administrative data
to locate subgroups whose size is known; in the example above, we used the number of
mailmen in the country. In some settings, especially in Sub-Saharan Africa, a list of groups
whose total size is known may be hard to identify. However, it is worth pointing out that
these quantities could be estimated from the same survey used to administer the NSUM
questions. For example, a nationally representative household survey could ask female
respondents whether or not they gave birth in the past year; the responses to that question
allow us to estimate a national total number of women who gave birth in the past year.
We could then use the estimated total number of women who gave birth in the past year
as one of the known populations in estimating the size of each respondent’s network. No
studies to date have used known populations derived from the same survey as the scale-up
questions. However, some of the known populations to be used in the Rwanda survey will
have totals derived from the Rwanda DHS. These totals will be estimated, with known

sampling error, unlike many of the other values used for the known populations.

Another important disadvantage in the DANSUM approach is the assumption that re-
spondents are able to perfectly report on all of their acquaintances. This is especially
problematic if we are interested in measuring the size of populations whose behavior is
highly stigmatized, like injecting drug users. It is likely the case that not all of the people
who know injecting drug users are in fact aware of that fact. Although this is an important
concern for some target populations, it is less of a problem for mortality, so we will not
discuss it in more detail here; however, there are strategies for measuring and adjusting
NSUM estimates due to this problem (Salganik et al., 2010).

Differences in the networks of people who die and those who do not are also a potential
challenge to the DANSUM estimator. For example, if the definition of 'to know’ requires
acquaintances to have seen each other in the past 12 months, then someone who died 9
months prior to the survey and who did not go to work in the 3 months before his death
would not count as having been known by his work colleagues. This could be exacerbated
in situations where deaths are preceded by long illnesses. Methodologically, the key issue
here is that people who die might have, on average, smaller social networks than people who
do not. Empirical results from the DANSUM method will help us understand how much
of a problem this might be. Carefully chosen definitions of a network connection could

help to ameliorate this issue; also, if we collect additional data, we can use the methods of

11
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Salganik and Feehan (2011) to produce DANSUM estimates that account for differences

in network size.

Advantages On the other hand, there are several important advantages to the DANSUM
approach. The first is that it can produce estimates for the size of a target population
from a household survey. Furthermore, we expect it to be less expensive than alternative
methods: since each interview yields information about many more than one person, the
size of the sample required to produce accurate estimates will be considerably smaller than
a direct estimation approach. Put another way, as long as its assumptions hold, DANSUM
can produce quite precise estimates for a given sample size. Another attractive feature is
that it is possible to use the method to estimate size of the groups whose total sizes are
known. Recall, from Equation (2), that we use several groups whose total size is known to
estimate the network size of each respondent. We can take each of these known populations
in turn, pretend it is not known, use the remainder of the known populations to estimate
the respondents’ network sizes, and then the scale-up method to estimate the size of the
held out group. We can therefore check to see how accurately we can estimate the size of
each of the known groups. Mathematically, if we are holding out known population j, the

modified version of Equation (2) would be:

— Zk¢'yik
di’_-:iij, (7)
T Xy N

and the scale-up estimate of the size of known group j, ]/V;, would be

—

N; = 2l (8)
i di—j

An example of this internal validation exercise, from the study in Curatiba, Brazil, is shown

in Figure 2 (Salganik et al., 2010).

A concern often raised with the sibling survival approach is that sibships who have entirely
died out will not show up in the sample. The analogous risk here — that a set of people who
all know each other will die out — is presumably so small that it is negligible, except in very

extreme cases. Another concern is that siblings may live far apart or generally be removed

12
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Figure 2: An example, from Salganik et al. (2010), of an internal validation check that
the NSUM approach allows us to perform. Each point is a subgroup of known size in
the general population. Each survey respondent was asked how many of the members
of each known subgroup she knew, and the responses were used to estimate the size of
each respondent’s personal network. By removing each of the known subgroups, one at
a time, and treating it as unknown, we can use the NSUM approach to estimate its size
(see Equations 7 and 8). The relationship between the true subgroup sizes (x axis) and
the NSUM estimates (y axis) are shown here. If the NSUM estimate is exactly correct,
it would lie on the dashed line. Points below the dashed line are underestimated, while
those above are overestimated. We see that the estimated values are clustered closely
around the true ones, with the exception of the outlier whose true size of about 5.5% is
underestimated as about 3%. This group is middle school students, and it would make
sense that relatively few of the adult respondents’ acquaintances would be in this group,
leading to an underestimate.

13
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from one another’s experience, leading to less accurate reporting. This is something that
DANSUM can address by choosing definitions of a network connection which ensure that
respondents are asked to report about people they are most acquainted with. In general, the
tradeoff between the advantages and disadvantages of the sibling survival and DANSUM

estimates of mortality is an empirical question.

3 Data

After the data for the next Rwanda Demographic and Health Survey had finished being
collected, a stratified, two-stage cluster sample of approximately 5,000 people was drawn
and, between June and August of 2011, those people were interviewed as a pilot of the
network scale-up method for measuring the size of populations most at risk of HIV/AIDS.
The study is intended to mimic a DHS, so it uses parts of the same survey team and survey
process that the 2011 Rwanda DHS did. Each sampled household was randomly assigned
to one of two possible definitions of a network connection, permitting a study of the extent
to which varying the definition has an impact on estimates. This experimental test of the
role of the specific definition of a connection in the implementation of network scale-up
studies will add to our understanding of how the method works in practice, which will begin
to build a base of knowledge about various potential definitions of a network connection

that will be an important part of the design of future network scale-up studies.

The survey instrument includes the items necessary for our network-based estimator for
adult death rates. Since the 2011 Rwanda DHS collected the sibling history module, we
will eventually be able to compare the estimates of adult death rates produced by the two
methods. Although we will not have gold-standard measurements of adult death rates to
compare the sibling and network-based estimates to, it will be interesting to see if the
relationship between the two sets of estimates is, and eventually to compare them to other

estimates for adult mortality in Rwanda.

4 Preliminary Results

In this section, we discuss some preliminary results from the Rwanda survey. In total,
respondents reported 3,853 deaths; of these, all but 8 had age and sex recorded. The 8

14
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reported deaths that are missing age, sex, or both, are excluded from this analysis. Figure

3 shows the distribution of deaths by age, sex, and the definition of a connection.
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Figure 3: The distribution of deaths by age category and sex reported by respondents.
The left-hand panels show deaths reported to be female, while the right-hand panels show
deaths reported to be male. The top panels show deaths reported using the basic definition
of a network tie, while the bottom row shows deaths reported using the meal definition of
a network tie. These plots have not been weighted.

As we discuss above, these distributions of deaths are interesting, but in order to be
useful as for an understanding of mortality in the population, we need to convert them
into age- and sex-specific death rates. The important quantity here is the age- and sex
distribution of the set of acquaintainces, P,, which is population from which our potential
deaths are drawn. The estimated distribution of the age- and sex- composition of the set
of acquaintances for the Rwanda data, which is analogous to the 1311 above, is shown in
Figure 4. Note that our survey did not conduct interviews in people below the age of 15,
so that we did not have a direct estimate of the network sizes of the youngest people in
the population. For the figures depicted here, we assumed that these were the same as the

network sizes of respondents aged 15-24; future work will explore other assumptions.

15
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Figure 4: Preliminary estimated age- and sex- distribution of the set of acquaintances in the
Rwanda data, for each definition of a network tie. On the left-hand side is the distribution
for the basic definition of a tie, while the right-hand side shows the meal definition. These
distributions result from a combination of the age-sex distribution of network sizes and the
age-sex distribution of Rwanda’s population. They are needed to estimate the denominator

of our mortality rates.

The preliminary age- and sex-specific death rates produced by the estimator are shown in
Figure 5. The figure compares the rates produced for males and females, and also compares
the rates produced using the meal definition and the basic definition of a network tie. In
general, the estimates follow broadly possible patterns by age, but are likely too low,
especially at the oldest ages. Note that the difference between the estimates for female

death rates appears to vary substantially between the two definitions of a network tie,

while the male rates agree more consistently for one another.

16
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Figure 5: Preliminary estimated age- and sex-specific death rates from the Rwanda data,
separated by the definition of a network tie used. The red lines are for females, and the
blue lines for males; dashed lines were computed from the basic definition of a network
connection, while solid lines used the meal definition. There is a striking difference between
the two definitions of a connection for female death rates, but more agreement for male
death rates.

5 Conclusion

This extended abstract outlines a study that is intended to help expand and refine our
understanding of how we can estimate adult mortality rates in settings where gold-standard
measurements are not available. First, we describe the data-augmented network scale-up
method, a new technique that can be used to estimate adult mortality rates based on
survey questions about respondents’ social networks. We then present the first empirical
application of the new method, using data collected in a survey of about 5,000 people in
Rwanda. These very preliminary results suggest that the age patterns produced by the
estimator may be plausible, but that the absolute level of mortality may be somewhat low.

They further suggest that choosing a good definition of a network connection may play an

17
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important role in producing estimates.

There is much future work to be done, both on these data and with DANSUM in general.
First, these preliminary estimates need to be studied in closer detail, investigated in more
detail with attention to sex differences, and also for differences between urban and rural
areas. Once the data for the 2011 Rwanda DHS are released, we will be also be able to
compare the DANSUM estimates to the ones produced by the sibling survival method.
It will also be important to consider variations of the DANSUM estimator, and also to
explore the robustness of these estimates to the assumption we made about the network
size of Rwandans under the age of 15. Finally, there are many methdological tasks ahead.
In addition to investigating minor variations of the existing DANSUM estimator, we also
need ways of incorporating sampling weights and producing variance estimates for death
rates estimated using DANSUM.
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