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Choosing who to follow: The long-run impact of following rules on the
sample size and composition of household panel surveys
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Following rules for a household panel survey determine who is followed and interviewed when
there are changes to the household structure over time. To understand the long-run impact that
various following rules have on the size and composition of the sample, a household panel
sample is simulated such that every household split-off is developed over a 40-year period.
This long time period allows sufficient time for children to be born into the simulated sample
and subsequently leave home and have their own children. Following every split-off allows for
the application of the widest following rules along with a range of narrower following rules.
Holding everything else constant (such as non-response rates, propensities for household for-
mation and dissolution, fertility rates, death rates, etc.), the widest possible following rules
result in a sample that is much larger and has quite a different composition to the samples with
narrower following rules. Even within the narrower following rules, some small differences in
sample size and composition appear by wave 16 and these become more apparent by wave 41.
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simulation

1 Introduction

It is relatively common in analyses of household panel sur-
vey data for the unbalanced panel to be used, which includes
all observations on all individuals regardless of how those
individuals came to be part of the sample. Depending on
the variables of interest, further restrictions may be made to
keep only adults or specific sub-groups. In household panel
surveys this unbalanced panel includes not just the original
sample members recruited in wave 1, but also other people
that these original sample members share a household with
over time. A set of following rules determine who is followed
over time if someone leaves the household. These following
rules expand the sample followed to include new births but
may also include the other parent of these births, new im-
migrants and other household members not already part of
the followed sample. Further, it is also normal practice in
most household panel surveys to interview all adults living
with a followed sample member each wave. So even if the
very narrowest of following rules are adopted, there are tem-
porary additions to, and removals from, the sample simply
because people move into and out of sampled households.
These household composition changes are linked to various
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life cycle processes, including birth, leaving home, begin-
ning a de-facto or marital relationship, separating from a re-
lationship, having children, moving in with adult children,
and death. Understanding how people become part of the
sample and the role of the following rules is important in un-
derstanding the data available from household panel surveys
and in designing new household panel surveys.

The specifications for the following rules are determined
early in the life of the household panel survey (albeit with
some studies amending them later) yet they have long-term
consequences to the overall size of the sample and fieldwork
costs. There are other factors that also affect the size of the
sample, including the response rates in the initial wave, at-
trition rates, new sample member response rates, birth rates,
death rates, marriage and cohabitation rates, divorce rates,
the age of leaving the family home and the propensity for
other types of household joiners and leavers. Nevertheless,
the following rules and (at least to a certain degree) the re-
sponse rates are within the control of the survey manager
so can be designed with the impact on sample size and the
budget in mind. Panel maintenance strategies have been dis-
cussed in the literature at length elsewhere (for example, see
Laurie, Smith, & Scott, 1999; Smith, Lynn, & Elliot, 2009;
Watson, Leissou, Guyer, & Wooden, 2018) yet decisions
around the following rules have received scant attention. Fur-
ther, the following rules and response rates work in oppo-
site directions in affecting the overall sample size: a study
anticipating very high response rates may decide to choose

301

http://dx.doi.org/10.18148/srm/2022.v16i3.7851
https://www.europeansurveyresearch.org/
https://creativecommons.org/licenses/by-nc/4.0/deed.en


302 NICOLE WATSON

quite narrow following rules so as not to increase the sample
size too quickly whereas a study with lower response rates
may decide to adopt wide following rules to maintain (or at
least not reduce too quickly) the overall sample size. The US
Panel Study of Income Dynamics (PSID) began in 1968 with
two samples—a general sample and an oversample of poor
families (largely African American)—with 4800 families re-
sponding and a total of 18,200 individuals included (Institute
for Social Research, 2019, Table 1). The PSID follows the
original sample members and their descendants born after
the study began. By 1983 (15 years later), the general sam-
ple of individuals had grown by 9% whereas the oversam-
pled group had grown by 14%. By 2009 (41 years after the
study began), the general sample of individuals had grown by
86% from the 1968 sample (the subsample of the poor was
substantially reduced in 1997 due to budget constraints so
is not reported here). The re-interview rates from one wave
to the next for the PSID are very high, typically between 96
and 98% (Institute for Social Research, 2019, Table 8). Fur-
ther, their interview rates of split-offs (e.g. adult children
leaving their family home) are also reasonably high, around
85 to 90%. As the PSID only interviews one person in the
household, mostly the household head, the first time an adult
child is interviewed is often when they move out of home,
so the response rate of new split-offs is very important for
the longevity of the study. Since 2009 the PSID has lower
re-interview rates of 93 to 96% so the sample size has started
to decline recently.

Some household panel surveys have modified their fol-
lowing rules later in the life of their study in response to an
emerging issue. The German Socio-economic Panel (SOEP)
and the Swiss Household Panel (SHP) both began with rela-
tively narrow following rules as per the PSID, but expanded
them in later waves (wave 7 for the SOEP and wave 9 for
the SHP) to include all people joining a household with a
sample member. For the SOEP, this change was intended
to minimise interviewer error in deciding who to follow up
and for the SHP the change was to attempt to counteract at-
trition (Schonlau, Watson, & Kroh, 2011). The Household,
Income and Labour Dynamics in Australia (HILDA) Survey
changed their following rules in wave 9 to include people
who recently arrived in Australia since the study began in
2001 (Summerfield et al., 2019). This was only a partial solu-
tion for missing recent immigrants until a more general solu-
tion could be actioned for this part of the population in wave
11 with a top-up sample which included recent immigrants
(Watson, 2006). The problem with changing the following
rules after the start of the panel is that they cannot be com-
pletely retrospectively applied. For example, in the case of
the HILDA Survey, recent immigrants who had appeared in
early waves but had subsequently left the sample households
before the rules were changed could not be followed up.

Despite the impact that following rules can have on the

size and composition of the sample, this is an area of re-
search that has received little attention. One earlier study by
Schonlau et al. (2011) examined how following rules affect
sample size. They used the German SOEP, which follows
everyone, to examine the differences in sample size if nar-
rower following rules had been adopted. They find that even
after 25 years the narrowest following rules of only following
wave 1 sample members and associated household members
accounts for 85% of the sample obtained by implementing
the widest following rules of following everybody. This find-
ing is, however, specific to the SOEP setting which has lower
re-interview rates than several other major household panel
surveys (Watson et al., 2018). There does not appear to be
any studies of how the following rules affect the composition
of the sample. Further, these following rules can change the
composition of the sample in ways that may not be antici-
pated by researchers using the data. For example, the sample
may grow in household types that frequently change (for ex-
ample, larger households) and reduce in single person and
couple-only households. Relatedly, the sample may on aver-
age become younger over time if the household joiners are
much younger than the household leavers.

Of course, the survey statisticians who construct the
weights for the household panel data are certainly aware
of the implications of the impact of household joiners and
the possibility that the household could have been selected
through multiple pathways and therefore the need to down
weight households with new entrants that are not births in
the cross-sectional household weights (Heeringa, Berglund,
Khan, Lee, & Gouskova, 2011; Lavallée, 1995; Lynn, 2006;
Schonlau, Kroh, & Watson, 2013; Watson, 2012). The fol-
lowing rules also have implications for the construction of
longitudinal weights. Decisions need to be made as to who
to include in the longitudinal weights (original sample mem-
bers, or other permanent sample members such as descen-
dants of original sample members) (Smith et al., 2009). And
if weights are provided for longitudinal populations that do
not include the initial wave, decisions need to be made as to
whether short- or long-term temporary sample members are
included in the longitudinal weights (Watson, 2012). As a re-
sult, if data users apply the weights, issues resulting from the
following rules will be addressed. But what if the users do
not apply weights? Or do not take account of the changes in
the composition of the unbalanced sample simply due to the
following rules? What if the users are comparing the results
from two different household panel surveys which have dif-
ferent following rules—could some of the differences found
be simply due to the different following rules? Very few users
appear to take this into consideration.

This paper examines what impact the following rules have
on the sample composition via a simulation of a randomly
selected sample followed through time. The household for-
mation and dissolution information from the HILDA Survey
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is used to simulate a sample with wide following rules and
no non-response (where everyone who joins a household is
subsequently followed and participates fully). The simulated
sample is then modified by the application of more restric-
tive following rules and by attrition. Differences in the dis-
tribution of a range of variables including age, sex, house-
hold size, household type and employment are examined.
Through this simulation, the impact of the following rules
can be distinguished independently from the influences of at-
trition. The findings from this simulation will assist users of
household panel datasets in understanding the sample evolu-
tion over time in the unbalanced panel and how this may vary
across surveys with different following rules. Further, it is
also valuable for survey managers designing new household
panel surveys to understand how the sample may grow and
evolve over time based on decisions made about following
rules very early on in the life of the survey.

2 Methods

2.1 Following rules

The term continuing sample member (CSM) is used to de-
note the sample members that are followed and temporary
sample member (TSM) refers to those that are interviewed
for as long as they live with a CSM but are not followed
when they leave the CSM’s household. Some TSMs may be
part of the sample for a very long time if they continue to
live with a CSM and others may only appear for one or two
waves. Interviewing the TSM helps to provide the context
for the household in which the CSM lives.

When deciding on the specific set of following rules a
study will adopt, there are six different sample groups to con-
sider:

1. Wave 1 sample members. Almost all household panel
surveys include all wave 1 sample members (also known as
original sample members, or OSMs) as CSMs. An excep-
tion may occur for boost samples of certain sub-groups of
the population where only members of those sub-groups are
considered CSMs and other household members in wave 1
of the boost sample are considered TSMs. This approach
was taken for the Ethnic Minority Boost Sample in the ini-
tial wave of UK Household Longitudinal Survey, also known
as Understanding Society (Institute for Social and Economic
Research, 2019). In the boost sample, the sample of primary
interest is the CSM belonging the key sub-populations and
not the other people they live with other than to provide the
context for the household in which they live.

2. Births to CSMs. For studies that (subject to funding)
intend to run indefinitely, children of CSMs are converted
to CSMs. In this way, the sample replaces itself over time.
For studies of short duration, such as the Canadian Survey
of Labour and Income Dynamics, which was designed as
a 6-year rotating panel (Lavallée, 1995), there is no reason

to add new births (or any other household joiner) as CSMs.
For studies that do convert births of CSMs to CSM, deci-
sions need to be made as to whether all such births should
be added or if a subset of births should be added. A birth is
only observed through the selection of one or both of their
parents, so for replication purposes the births only need to be
included in proportion to the number of CSM parents they
have. This avoids oversampling children which may lead
to potentially unsustainable sample growth when these chil-
dren start to leave home, assuming minimal attrition. The
UKHLS have operationalised this as only including births to
female CSMs (Institute for Social and Economic Research,
2019). Alternatively, the births that are followed could be
selected randomly in proportion to the number of parents
that are CSMs. This option would limit the sibling research
opportunities but would avoid the problem in the UKHLS
following rules of limiting intergenerational analysis within
the maternal line only. Most indefinite life studies choose to
follow all births to CSMs. This allows for sibling research
alongside intergenerational research within both the mater-
nal and paternal lines. Adoptions are usually treated in the
same way as births. The following rules for the PSID and
the HILDA Survey explicitly include adoptions (Institute for
Social and Economic Research, 2019; Summerfield et al.,
2019), but they are not explicitly mentioned in the descrip-
tion of the following rules for the British Household Panel
Study (BHPS) (Taylor, 2017).

3. Other parent of birth to CSM. The other parent of a
newborn may be converted to a CSM if they are not already
a CSM. This is so that both parents can be followed should
they later separate after the birth of a child. This permits the
study of the environment in which the child grows up in and
the care arrangements agreed between the parents from both
perspectives.

4. Other births to other parent. It may also be interesting
to follow the other children the other parent may have (with
another partner) after they have a child with a CSM. This
allows greater opportunities for insights into the subsequent
family dynamics of split families.

5. Recent immigrant joiners. People who arrive in the
country after the initial sample (or any subsequent refresh-
ment sample) was selected do not have a natural mechanism
for becoming part of the sample. However, those that do
live with a CSM can be converted to a CSM and then will
be followed if they leave the CSMs household. This aims to
reduce some of the consequences of undercoverage of recent
immigrants as the study ages (Watson, 2006).

6. Other household joiners. Some studies choose to fol-
low everyone who joins the household of a CSM. This has the
potential to incorporate many new sample members on a con-
tinuing basis, depending on retention rates. The drawback is
that these new sample members are not a cross-section of the
population.
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Table 1
Following rules adopted by various household panel surveys

PSIDd SOEPe BHPSf SLIDg SHPh HILDAi UKHLSj

Sample type (1968) (1984) (1991) (1994) (1999) (2001) (2009)

1. Wave 1 sample members Y Y Y Y Y Y Y
2. Births to CSMa Yb Y Y N Y Yb Yc

3. Other parent of birth to CSM N Y Y N Y Yb Y
4. Other births to other parent N Y N N Y Y N
5. Recent immigrant joiners N Y N N Y Y N
6. Other household joiners N Y N N Y N N

a Continuing sample member (i.e., individual who is followed) b Adoptions to CSMs are included
c Only of female CSMs d US Panel Study of Income Dynamics e German Socio-economic Panel
f British Household Panel Study g Canadian Survey of Labour and Income Dynamics h Swiss Household Panel
i Household, Income and Labour Dynamics in Australia Survey
i UK Household Longitudinal Survey (aka Understanding Society) General Population Sample.

There is a surprising amount of variability in the follow-
ing rules adopted by various household panel surveys around
the world. Table 1 shows the following rules adopted by
seven studies. The PSID follows all wave 1 sample mem-
bers and those subsequently born to or adopted by those sam-
ple members—and now after 50 years, there are as many
as seven generations represented in the PSID sample (In-
stitute for Social Research, 2019). The German SOEP and
the Swiss Household Panel both began with following rules
modelled on the PSID but subsequently changed these rules
in wave 7 and 9 respectively, as mentioned earlier, to follow
everyone who joins a sampled household. The BHPS built
on the PSID rules and includes the other parent of the new-
born as a CSM if they are not already a CSM (Taylor, 2017).
They do not, however, follow any subsequent children this
other parent may have. To distinguish them from the regular
CSM, they refer to these other parents as permanent sample
members (PSMs). The HILDA Survey adopted the BHPS
following rules but makes three additions: i) adoptions to
CSMs are treated the same as births, ii) the other parent of a
birth to a CSM is treated in the same way a wave 1 sample
member would be treated which means that any subsequent
children this other parent may have are also followed; and iii)
people who arrive in Australia for the first time after the study
began and join sampled households are followed when they
leave (Summerfield et al., 2019). This rule was subsequently
revised after the addition of a general population top-up sam-
ple in 2011. The UKHLS adopted the BHPS following rules
but walked back one of the rules so as to only follow births of
female CSMs (Institute for Social and Economic Research,
2019). And finally, the SLID only followed people in wave 1
as it is a short longitudinal panel of 6 waves.

For the simulation presented in this paper, the six sets of
following rules examined are those from the following stud-
ies: i) PSID; ii) SOEP; iii) BHPS; iv) two variants of the
HILDA Survey rules; and v) UKHLS. The first version of

the HILDA-style following rules do not include recent immi-
grants as CSMs but the second version of the HILDA-style
following rules do include them. In terms of assessing what
impact these following rules have, it was decided to simulate
40 waves of household change to allow time for new births
to occur in the sample, grow up and leave home.

2.2 Data

This paper uses unit record data for the first 18 waves
from the HILDA Survey, which is an Australian-wide house-
hold panel survey that began in 2001 (Department of So-
cial Services & Melbourne Institute of Applied Economic
and Social Research, 2019; Summerfield et al., 2019). In-
terviews are conducted annually and the core content asked
every year includes questions on employment, income and
families. Rotating modular content includes questions on
wealth, retirement, fertility, education and health. One per-
son in the household answers questions about the household,
including changes in household composition, housing and
childcare. Subsequently, interviews are conducted with all
household members aged 15 and older. The HILDA Survey
sample has a multi-stage, stratified and clustered design with
7682 responding households in the initial wave from a to-
tal of 11,693 in-scope households, resulting in a household
response rate of 66%. The sample is restricted to usual resi-
dents in private dwellings and excludes people living in very
remote parts of Australia. The wave 1 responding house-
holds contain 19,914 individuals, which encompass 13,969
respondents, 1158 non-responding adults and 4787 children
aged under 15. Individuals from these responding house-
holds are followed over time and, if aged 15 years and older,
interviewed. The sample is extended in subsequent waves to
include other members of their household that were not part
of the initial household as elaborated earlier. Over 90% of
the interviews are conducted face-to-face with the remainder
conducted by telephone. No proxy interviews are permit-
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ted. In wave 10 (2010) the proportion of wave 1 respondents
that were re-interviewed, excluding people who had died or
moved abroad, is 71% and by wave 18 (2018), it is 62%.
By international standards, the HILDA Survey has one of the
highest re-interview rates (Watson et al., 2018) and has rea-
sonably wide following rules (without following everyone).
In wave 18 (2018), the responding sample includes 18,324
individuals in 7616 households (not counting the top-up sam-
ple that was added in 2011).

2.3 Simulation Method

The HILDA Survey data is used to construct a simulated
sample of complete cases with wide following rules to which
a series of narrower following rules are applied. The impact
of attrition is also modelled. This simulation is then used to
estimate differences between samples (both with and without
attrition) to demonstrate the impact of particular following
rules.

Preparing the data for simulation. A long file of
323,225 person-wave observations is initially constructed
from 18 waves of HILDA Survey data and this file has one
observation per individual per wave for each wave they were
part of a responding household. Information from the next
wave is added to each record, this being the household iden-
tifier, whether the household underwent a transition in the
next wave by gaining or losing members, and what type of
household each household member transitions into (single
person household, couple without children, couple with chil-
dren, lone parent family, multifamily household, other type
of household).

Missing information regarding household structure
changes between one wave and the next is imputed (as
described below) to provide a set of complete cases from
which the simulation is constructed. Figure 1 provides two
examples of the type of information that may be missing.
Solid lines in this figure show what is known and dashed
lines show what is unknown. In the first example in Figure
1, persons A and B form a household in wave t, but they do
not respond in wave t + 1, so it is unknown if a transition
occurred in their household structure and if it did then to
what type of family they moved into. They could have
stayed intact, or they could have split. For this type of
situation, a transition indicator is predicted (i.e., deciding if
they stay intact or split), along with the type of household
they transition into if a transition is imputed. Note that a
specific household is not imputed for A and B if a transition
is imputed at this stage so to allow for multiple possibilities
in the simulation should A and B’s household be included.
The second example shows a household with persons C, D
and E in wave t, say a mother, father and adult son, and at
wave t + 1 the son moves out of the household. It is known
that the son moves out because the parents respond in wave
t + 1, however it is not known to what type of household the

son moves into because the son did not respond in wave t+1.
Is he living alone, or has he moved in with a partner, or with
housemates? To complete the household information for
person C’s household in wave t + 1, the type of household he
moves into is predicted and, for simplicity in the simulation
that follows, a specific household is imputed for him in
wave t + 1 (the methods used to complete these part split
households are similar to those used in the simulation below
and are described in the Appendix).

On average over the first 17 waves (comprising 304,901
person-wave observations), there were 4% of person-wave
observations where it is unknown if a transition occurred or
not in the next wave because of attrition (like the first exam-
ple in Figure 1). There were a further 4% of person-wave
observations where it was known a transition occurred but
it is unknown what type of household the sample members
transitioned into because at least one other split-off from the
household responded in the next wave (like the second exam-
ple in Figure 1 or they were TSMs and were not followed).

Imputing transitions. A transition indicator is imputed
for person-wave observations where it is unknown whether a
transition occurred in the next wave or not. This is done by
using the predicted value from multilevel logistic regression
model of household transition from wave t to t + 1 based
on the characteristics of household and the household head.
Only the household head for each wave is included in the
model. The model includes random effects at the wave 1
household level to allow for clustering within repeated ob-
servations of the household head over time and household
splits emerging from the same initial household. New sam-
ple members are assigned the same wave 1 household group
as the people in the household they join. The person defined
to be the head of the household is in order of priority part of
a couple, a lone parent, or other household member. Where
more than one person fulfils the requirement for household
head, the older person is chosen. The characteristics of the
household included in the model of household transition are
whether the period of time the household has been intact is
left truncated, the number of intact years (6 groups), the num-
ber of adults, the age group of the oldest child (4 groups, in-
cluding whether there are no children in the household), the
age group of the youngest child (4 groups, including whether
there is no youngest child), whether the household has a de-
pendent student, a non-dependent child, other relatives, un-
related persons, or is a multi-family household. The charac-
teristics of the household head include 5-year age dummies,
employment status, and health status. Table 2 provides the
coefficients for the variables included in the transition model.
The predicted fixed and random components are both used
to calculate the predicted probability for a household tran-
sition (of any type) occurring in the next wave. All house-
hold heads with a missing transition indicator are randomly
assigned a transition indicator based on the predicted proba-
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Table 2
Coefficients for model predicting household transition between
wave t and t + 1

Variable Coeff S.E.

Whether years intact is left truncated −0.05 0.04
Years intact (Ref. categ.: 1 year)

2 years −0.06** 0.02
3 years −0.16*** 0.03
4 years −0.30*** 0.03
5 to 9 years −0.51*** 0.03
10 or more years −0.70*** 0.04

Number of adults in HH (Ref. categ.: 1 adult)
Two adults 0.11*** 0.02
Three adults 0.59*** 0.04
Four or more adults 0.74*** 0.06

Age oldest child (Ref. categ.: no children)
Aged 0 to 4 0.01 0.04
Aged 5 to 9 0.15*** 0.04
Aged 10 to 14 −0.05 0.04

Age youngest child (Ref. categ.: no younger child)
Aged 0 to 4 0.45*** 0.07
Aged 5 to 9 −0.18** 0.07
Aged 10 to 14 −0.11 0.07

Has dependent student 0.23*** 0.04
Has non-dependent child 1.09*** 0.03
Has other relative 0.99*** 0.04
Has other non-relative 1.56*** 0.05
Multifamily HH 1.58*** 0.08
Age of HH head (Ref. categ.: 15–19)

Age 20–24 −0.00 0.07
Age 25–29 −0.09 0.07
Age 30–34 −0.16** 0.07
Age 35–39 −0.44*** 0.07
Age 40–44 −0.85*** 0.07
Age 45–49 −1.09*** 0.07
Age 50–54 −1.18*** 0.07
Age 55–59 −1.30*** 0.07
Age 60–64 −1.53*** 0.07
Age 65–69 −1.83*** 0.08
Age 70–74 −2.02*** 0.09
Age 75–79 −1.76*** 0.09
Age 80–84 −1.41*** 0.09
Age 85 plus −0.69*** 0.09

Employment status of HH head (Ref. categ.: Full-time)
Employed part-time −0.00 0.03
Unemployed 0.12*** 0.04
Not in labour force 0.05* 0.03

HH head has long term health condition 0.09*** 0.02
Constant −1.43*** 0.09

* p < 0.1 ** p < 0.05 **** p < 0.01
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Wave t Wave t+1

A

B

A

B

A

B

A

+?

B

+?

OR

Unknown if HH AB (i.e., household containing persons A 

and B) had structure change between wave t and t+1

because HH AB did not responded in wave t+1.

If HH AB had a structure change, it is unknown what type 

of HH A and HH B transitioned into in wave t+1.

To complete person-wave file: 

- predict HH structure change for HH AB between wave 

t and t+1

- if HH AB changed structure then assign HH type 

containing A (the household head) in wave t+1

Example 1

C

D

E

C

D

E

+?

Know HH CDE had structure change between wave t and 

t+1 because HH CD responded in wave t+1.

Unknown what type of HH E transitioned into, e.g., single

person HH, couple HH, etc.

To complete person-wave file: 

- predict HH type containing E in wave t+1

- impute HH containing E in wave t+1

Example 2

Figure 1. Example households when completing partial information for household splits. Note:
Dashed lines indicate the status is unknown. A dashed arrow indicates that is unknown if a transition
in household (HH) structure occurred between wave t and t + 1. A dashed box indicates that it is
unknown what the household structure is in wave t + 1.

bility of a transition. This imputes a household transition for
26% of cases with a missing transition indicator (compared
to 21% of households with transitions among those where it
is known the household has a transition or not). The higher
rate of transitions in the imputed group is reflective of the
types of households that need to be imputed (i.e. those more
likely to not respond or have TSM leavers).

Imputing broad family type. The individual-level tran-
sitions of broad family type observed in the HILDA sample
from one wave (wave t) to the next (wave t + 1) is shown
in Table 3. For the simulation, the broad family type into
which the household head transitions, conditional on a tran-
sition having occurred, is imputed if it is not already known.
This broad family type of the household head is later used,
together with other characteristics of the household, to se-
lect a suitable household donor for the transition from wave
t to t + 1. A multinomial logit model for each family type
in wave t is estimated based on observed transitions where
broad family type is known in wave t + 1 (see Table A2 in
the Appendix). Only the head of the household (as defined
earlier) is included in the model. The characteristics of the
household included in the model are whether the period the
household has been intact is left truncated, the number of in-
tact years, whether the household contains other relatives or
unrelated persons. The characteristics of the household head
include 5-year age dummy variables, employment status, and
health status. Similar variables are used by other researchers

to study household transitions (for example Mutchier & Burr,
1991; Qu & De Vaus, 2011; Richards, White, & Tsui, 1987).
All household heads missing the family type in wave t+1 are
randomly assigned to one of the six family types based on the
predicted probabilities estimated for each broad family type
they could transition into.

Wave 1 sample. The wave 1 sample of the HILDA
Survey is taken as the initial wave of the simulation from
which waves 2 to 41 are simulated. This sample includes
7682 responding households comprising of 19,914 individu-
als (15,127 adults and 4787 children under the age of 15).

Simulating wave 2 to 41. For each subsequent wave,
the simulated sample from wave t is followed into wave
t + 1 using the completed person-wave file for waves 1 to
17 described earlier (wave 18 is used only to identify which
households make a transition between wave 17 and 18 and
into what sort of family the household moves into). Fig-
ure 2 shows some examples of how households may be sim-
ulated. Where a household has an observed household or
(completed) set of household splits in the next wave, the de-
tails for wave t + 1 are taken directly from the completed
person-wave file (as in Example 1 in Figure 2). Where a
household is not observed in the next wave (as in Example
2 at wave 5), hot deck imputation is used. The hot deck im-
putation method replaces missing values of a recipient (i.e.,
household with missing information that need to be imputed)
with observed values of a donor (i.e., household with com-
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Table 3
Individual-level transitions of broad family type from wave t to t+1, conditional on a change in household
structure

Broad family type wave t + 1

Single Couple w/o Couple w. Lone Multi-
Broad family type wave t person children children parent family Other N

Single person - 44.7 20.7 18.0 2.0 14.7 3, 739
Couple without children 20.9 16.2 52.2 2.2 6.4 2.0 6, 802
Couple with children 7.2 11.2 64.6 11.4 4.2 1.3 26, 883
Lone parent 15.1 4.8 23.1 48.4 5.8 2.8 8, 466
Multifamily 2.6 18.7 28.4 16.8 32.7 0.9 3, 348
Other 38.5 16.7 7.7 7.6 1.4 28.1 1, 962

Wave 1 2 3 4 5 6 7 … 

Example 1

Example 2

Example 3

Figure 2. Simulating waves. Note: Shading represents a
new imputed line of households drawn from the completed
person-wave dataset.

plete information for the two waves) that is similar to the
recipient in terms of observed characteristics (Andridge &
Little, 2010). Imputation classes are formed based on the ob-
served characteristics, providing a pool of donors from which
one donor is selected randomly for each recipient in the same
imputation class. The household in wave t (in this example,
wave 4) is matched to a similar household in the person-wave
file on a series of household characteristics defined at wave
t along with an indicator of whether it makes a household
composition change (imputed or observed) between wave t
and t + 1 and what type of household the household head
at wave t belongs to at wave t + 1. Example 3 in Figure 2
shows a household with an imputed transition between wave
2 and 3, then observed information is used for each of those
imputed households until a new impute is needed. In the case
of the first split a new imputation is needed in wave 7, and
for the second split, another transition occurs between waves
5 and 6 but a new imputation is not needed until after wave
7.

The imputation classes used in the hot deck method are
defined by a range of variables characterising the household
at wave t, whether there is a change of household structure (a
transition) or not in wave t + 1 and if so, what type of family

they transition into. The variables which define the imputa-
tion classes are in the following order: whether the house-
hold makes a transition between wave t and t + 1, number
of adults, number of children, whether a child is turning 15
(and therefore becoming eligible to be interviewed in wave
t + 1), 5-year age group of the household head, 5-year age
group of the oldest person in the household, imputed fam-
ily type in wave t + 1 of the household head, relationship in
household (couple, lone parent, child, other) of the house-
hold head, family type in wave t, whether the observation
of the household is left truncated, the number of years the
household was intact (i.e., with no leavers or joiners), the age
of the youngest child, and the age of the oldest child. Where
a donor could not be found, the last of these variables defin-
ing the imputation classes is dropped and an attempt to find a
new donor is made. This is repeated until donors were found
for all missing households. Table 4 provides the proportion
of cases, averaged across waves 2 to 41, that are matched in
each imputation pass. Once a household has been imputed,
the subsequent observed household changes of the imputed
household are followed through future waves until a point is
reached where the next wave household structure is unknown
and it is imputed again. The imputed household information
is updated to ensure consistency with age and sex over time.

Deaths and overseas leavers are also identified as part of
the simulation. Of the 19,914 wave 1 sample members, 35%
had died by wave 41 and 12% had moved abroad. Moving
abroad in this simulation is considered an absorbing state and
39% of these moves occurred by wave 11.

Applying the following rules. Once the simulated sam-
ple is constructed, the following rules are applied by tracking
in each wave the original sample members, any babies born
to CSMs (including adoptions), the other parent of those ba-
bies, and recent immigrants. Six sets of following rules are
applied to simulate the rules of various studies:

SOEP CSMs are OSMs plus everybody who subsequently
lives with a CSM.

HILDA1 CSMs are OSMs, babies born to CSMs, and other
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Table 4
Hot deck match level to simulate households in wave 2–41

Imputation pass

Variable 1 2 3 4 5 6 7 8 9 10 11

Whether HH transition between wave t and t + 1 Y Y Y Y Y Y Y Y Y Y Y
Number of adults Y Y Y Y Y Y Y Y Y Y Y
Number of children Y Y Y Y Y Y Y Y Y Y Y
Whether has child turning 15 Y Y Y Y Y Y Y Y Y Y Y
HH head age group Ya Ya Yb Yb Yc Yc Yc Yc Yc Yc

HH max age group Ya Ya Yb Yb Yc Yc Yc Yc Yc

HH head imputed family type in wave t + 1 Y Y Y Y Y Y Y Y
HH head relationship in household Y Y Y Y Y Y Y
Family type in wave t Y Y Y Y Y Y
Whether HH was left truncated Y Y Y Y Y
Years the HH was intact Y Y Y Y Y
Age of the youngest child Y Y Yd Yd

Age of the oldest child Y Yd Yd

Percent of households matched at imputation pass 58 6 9 3 6 5 2 1 7 2 2
a 5-year age groups b 15-year age groups c age groups 0–14, 15–29, 30–59, 60 and over
d age groups 0–4, 5–9, 10–14

parent of CSM babies.

HILDA2 CSMs are OSMs, babies born to CSMs, other par-
ent of CSM babies, and recent immigrants.

BHPS CSMs are OSMs and babies born to CSMs. Other
parent of CSM babies are PSMs.

PSID CSMs are OSMs and babies born to CSMs.

UKHLS CSMs are OSMs and babies born to female CSMs.
Other parent of CSM babies are PSMs.

Recent immigrants in the HILDA2-styled following rules
are only added to the sample if they have arrived after the
study began or each subsequent 10-year anniversary (i.e.
wave 11, 21, 31). This specification of the rule assumes there
would be an immigrant top-up selected from the population
at regular 10-year intervals and that any converted immigrant
CSM would continue to be followed even after an immigrant
top-up has occurred. Including the recent immigrants that
join sampled households is only a temporary measure until a
more complete immigrant sample can be selected.

Simulating non-response. Sample growth will be lim-
ited by the nonresponse that occurs over time. To simulate
the effect of this, a response model is developed for each of
these seven groups of sample members:

1. Response at wave t given part of responding household
at t − 1 and:

(a) response at t − 1;

(b) non-response at t − 1;

(c) child is turning 15 at wave t.

2. Response at wave t given part of responding household
at t − 2 (but not part of responding household at t − 1)
and:

(a) response at t − 2;

(b) non-response at t − 2;

(c) child is turning 15 or 16 at wave t.

3. Response at wave t given adult is a new entrant at wave
t.

For the scenarios 1a and 1b, a multilevel logistic regres-
sion model is used based on the HILDA Survey data. The
model includes a random effect at the wave 1 household
level, allowing for the multiple observations on individuals
associated with the same wave 1 household over time. This
allows for clustering within households and across individu-
als over time. A similar model is fitted for scenarios 2a and
2b together. For the remaining three scenarios, separate mul-
tilevel logistic regression models are fitted. These models
include a random effect at the wave 1 household level, allow-
ing for the clustering of multiple individuals associated with
the same original household over time. These models are
then used to predict the probability of response in the simu-
lated dataset. The models include the following covariates:
5-year age groups (except for models 1c and 2c), female,
health status, employment status (except for models 1c and
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2c), number of children, number of adults, household moved
(at time of last response), household split after last response,
whether the household contains a persistent non-respondent
(of at least two waves), indicator variables for wave 2, 3, 4,
5–8 and 9–12, and (for the model for scenario 1a and 1b) the
interaction of wave and number of adults. These covariates
are limited to the information available about all members
of the household in this simulation (it does not include de-
tailed information from a previous interview as is done, for
example, by Lepkowski & Couper, 2002; Uhrig, 2008; Wat-
son & Wooden, 2009) as this information is not available
for all individuals). The coefficients for the four models are
presented in Table 5. Note that for presentational purposes,
the coefficients for respondents presented here are the linear
combination of the coefficient of the particular variable for
non-respondents (the base category) and the interaction of
response (at wave t − 1 or t − 2) with the particular variable.
These models are used to predict a propensity to respond at
wave t for individuals in the simulated sample, depending
on which scenario they fall into. The predicted fixed and
random components are both used to calculate the response
propensity. Households are assigned a random number each
wave from the uniform distribution from 0 to 1 and all indi-
viduals receive this random number, including new entrants.
Individuals are imputed to be a respondent (i.e. provide an
individual interview) at wave t if the random number is be-
low the predicted probability of response and not otherwise.
This is done wave by wave, so that past simulated response
behaviour can be incorporated into the prediction of response
at wave t.

If a household has at least one person classified as a re-
spondent, then all members of the household are consid-
ered to be enumerated (i.e. part of a responding house-
hold). If a household is non-responding for two sequential
waves then, by the design of the response models presented
earlier, they are deemed to be non-responding in all future
waves along with any new entrants the household may have.
Further, children turning 15 or new entrants in a household
where no other sample members respond are also set as non-
respondents the first two waves they are eligible to be inter-
viewed.

The actual HILDA Survey sample at wave 16 (in terms
of sample size, sample characteristics and response rates)
matches reasonably closely to the simulated wave 16 sample
after applying the HILDA1-styled following rules and non-
response. While it is not a perfect replica, the simulation
sample provides a consistent basis on which to compare the
impact of alternative following rules.

3 Results

3.1 Size of the sample

The sample begins in wave 1 with 19,914 sample mem-
bers and by wave 41, the simulated sample contains 3.9
million sample members. This excludes 83,200 sample
members who have died and 131,700 sample members who
moved overseas by that time. This is the size of the sam-
ple with SOEP-styled following rules where everyone is fol-
lowed and makes the unrealistic assumption that everyone
who is eligible to be interviewed responds. Narrower fol-
lowing rules result in sample sizes between 36,100 (under
the UKHLS-styled following rules) to 54,000 (under the
HILDA2-styled following rules), again under the unrealistic
assumption of full response (see Figure A1 in the appendix).

When the HILDA-styled non-response models are applied
to the sample, the sample sizes are much reduced. Fig-
ure 3 shows how the sample size changes across the 41
waves when different following rules and non-response ap-
ply. Compared to the sample with full response, the sam-
ple with SOEP-styled following rules is reduced by 85%
at wave 41 and the samples with narrower following rules
are reduced by 60 to 62%. The greater reduction with the
SOEP-styled following rules is due to the larger amount of
growth occurring in later waves. Nevertheless, even with
HILDA-styled non-response applied, the simulated sample
with SOEP-styled following rules and HILDA-styled non-
response is still exceptionally large.

With non-response applied equally to all scenarios, dif-
ferences in overall sample size due to the following rules
over the long-term are very apparent. Compared to follow-
ing births of all CSMs (as in the BHPS-styled following
rules) with a wave 41 sample size of 17,800, only adding
the births of female CSMs (in the UKHLS-styled follow-
ing rules) saves 19% in the size of the sample. Following
only the children of CSMs (as per the PSID-styled following
rules) and not adding the other parent of a birth as a PSM
(as is done in the BHPS-styled following rules) saves 8% in
the size of the sample. Adding the other parent of a birth
and following them like any other CSM (as per the HILDA1-
styled sample), rather than following only that person (i.e. as
a PSM) as per the BHPS-style following rules, adds 10% of
the size of the sample at wave 41. Adding recent immigrants
as CSMs (as per the HILDA2-styled sample) adds 4% to the
size of the HILDA1-styled sample. Similar sample size dif-
ferentials are evident in the sample with full response.

The growth in the sample from the BHPS-styled follow-
ing rules matches the loss from attrition resulting in a rel-
atively steady sample size in the long-run. The PSID- and
UKHLS-styled following rules do not add enough perma-
nent sample members to keep pace with the sample loss from
the HILDA-styled non-response, but the sample loss with the
PSID-styled following rules is less than what occurs with the
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UKHLS-styled following rules. The two HILDA-styled fol-
lowing rules result in sample additions outpacing losses from
attrition so the overall active sample grows.

Of course, different levels of non-response or character-
istics of non-response will result in different sized samples
over the long-run but this simulation illustrates the two op-
posing forces (i.e., following rules and attrition) on the over-
all sample size.

3.2 Composition of the sample

The following analysis of the composition of the sample
focuses on two particular waves: wave 16 and 41. Wave 16
is chosen as it is within the current window of the HILDA
Survey data. It is also the first wave in which all of the chil-
dren observed in the initial sample are of an age to be in-
terviewed and all of the children in wave 16 have been born
into the sample after the initial wave. Wave 41 is chosen as
the last wave within the simulated sample so as to allow time
for the children born into the sample to subsequently leave
home. Key socio-demographic variables often used by re-
searchers are compared across the different sets of following
rules. Also compared is the distribution of the number of
times sample members respond in each simulated sample.

There are substantial differences in sample composition
between the sample with SOEP-styled following rules and
the samples with narrower following rules. Figure 4 shows
the age distribution of each of the samples at wave 16 (on
the left) and wave 41 (on the right) with non-response be-
ing applied. The age distribution for wave 1 is added to
each of these graphs as a comparison. Note that none of
the samples in wave 16 or 41 resemble the wave 1 age dis-
tribution. This is because of the (temporary or permanent)
addition to the sample of people who subsequently live with
the OSMs. By wave 16, the age profile of the sample with
the SOEP-styled following rules, compared to the other sam-
ples, includes proportionally many more people in their 20s
and 30s, an associated increase in the proportion of children
aged 0 to 9 and a smaller proportion of people aged 40 and
older. Some small differences in the age distribution are be-
ginning to appear for the narrower following rules in the 0 to
9 year old children but there are few differences in the other
parts of the age distribution. These differences between the
sample with the SOEP-style following rules and the other
samples are due to the higher rate of household structure
changes that occur for people in their 20s and 30s (e.g. mov-
ing out of home, partnering, sharing with housemates, etc).
By wave 41, the differences in the age profile of the sam-
ple with the SOEP-styled following rules and the narrower
following rules become somewhat more pronounced. More
interestingly, the UKHLS-style following rules that limits the
births that are followed display a different age profile in the
sample to the other following rules where all births of CSMs
are followed. The differences primarily occur in the 20–34

age group, which is when the births that occurred in the first
15 years of the panel would be leaving home. Similar dif-
ferences are evident in the full sample (see Figure A2 in the
appendix) though without the simulated non-response there
is a slightly higher proportion of children and people in their
20s and 30s and a slightly lower proportion of people aged
40 and over.

The left graph of Figure 5 shows more people in the
responding SOEP-style sample have moved in the last 12
months in wave 16 than under the other following rules. This
is because the SOEP-style following rules bring into the sam-
ple people who are more likely to change household structure
(which is also often accompanied with a household move).
By wave 41 there are some differences emerging between the
UKHLS-style following rules and the other narrow following
rules. A very similar pattern is seen in the entire simulated
sample (including people in responding and non-responding
households), though the mobility rates are slightly higher for
all samples (see Figure A3 in the appendix).

Turning now to other characteristics of the responding
sample under the different following rules, Figure 6 presents
various characteristics of the sample in wave 16. The first
two graphs show the average number of children and adults
per household. All samples have a similar number of adults
per household. The SOEP-style sample has, on average,
more children per household, reflecting the younger nature
of the sample. The BHPS, HILDA, and PSID following
rules produce samples that are all very similar with respect
to the number of children, however the UKHLS sample has
less children per household than the HILDA samples. The
next two graphs in Figure 6 show the proportion in full-time
employment and the proportion of people with a long-term
health condition. The SOEP-style sample has more peo-
ple in full-time employment and fewer people with a long-
term health condition than the other samples, owing to the
greater proportion of people in their 20s and 30s in the sam-
ple. The next three graphs in Figure 6 examine the differ-
ences in household type by showing the proportion of sam-
ple members who are part of a couple, a lone parent, or live
alone. The SOEP-style sample has fewer couples and single
person households and more lone parents than the other sam-
ples. The last graph in Figure 6 shows the number of years
the households have been intact (i.e., without any structural
changes). The SOEP-style samples average 3.5 intact years,
whereas the other following rules average 6 intact years.

The differences seen in the characteristics of the samples
are more pronounced at wave 41, as shown in Figure 7. The
SOEP-style sample continues to be quite different from the
other samples, having on average a greater number children
per household and fewer adults per household and years in-
tact. The SOEP-style sample also has a greater proportion
of people working full-time but a smaller proportion of peo-
ple with a long-term health condition, couples, and lone per-
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sons. It also has a greater proportion of lone parents than
other samples (with the exception of the sample with BHPS-
style following rules). The UKHLS-style sample has gener-
ally a greater proportion of people with a long-term health
condition and a larger number of years intact than the other
remaining samples, this being due to the sample being older
on average. The PSID-style sample is also a little different
from the other samples with narrow following rules, with
more children per household on average. This is likely due
to not following the other parent of births if they leave the
household of a PSM.

Finally, Figure 8 shows the distribution of the number of
times sample members respond within the first 16 waves and
then across all 41 waves (after the non-response models have
been applied). This shows the composition of cases avail-
able for longitudinal analysis under the different following
rules. The SOEP-styled following rules have a greater pro-
portion of people observed for a shorter amount of time than
the other following rules. There is very little difference be-
tween the other following rules in terms of the number of
times people respond.

4 Conclusion

This simulation of a household panel sample which fol-
lows everyone who joins a CSM household provides a plat-
form from which it is possible to study the effect of alternate

following rules on the size and composition of the sample.
The use of the HILDA Survey data to underpin the simulation
which has reasonably wide following rules (without follow-
ing everybody) and high response rates means the amount of
imputed data required due to nonresponse and TSM leavers is
relatively modest. Further, being able to assess the difference
in the size and composition of the sample with and without
non-response applied in a consistent fashion (albeit using a
limited range of variables) across the samples allows some
further insights. A total of 41 waves are simulated, allowing
for the effect of the following rules to be studied over a 40-
year window. This allows time for children to be born into
the sample and subsequently leave home.

The SOEP-style following rules produces a sample that
is quite different from the samples with narrower following
rules. The simulated SOEP-styled sample is much larger (the
responding sample is more than 30 times larger by wave 41),
has a greater proportion of people in their 20s and 30s, has on
average more children in each household, a lower proportion
of people with a long term health condition, a lower propor-
tion of couples and single person households and a higher
proportion of lone parent households, and the households
are on average intact for a smaller number of years. The
BHPS- and HILDA-style following rules (all of which fol-
low all births to CSMs) produce samples that have relatively
similar sample characteristics. The UKHLS-style following
rules (which follow a smaller sample of births to CSMs) dif-
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Figure 6. Characteristics of the sample in wave 16 for various following rules (non-responding households excluded)

fer somewhat in sample characteristics to the samples fol-
lowing all births (but not everybody): this sample tends to
move less frequently, have a higher proportion of people with
a long-term health condition, and stay intact for longer than
the PSID-, BHPS- and HILDA-style samples. The PSID-
styled following rules result in a sample that tends to have
more children on average per household and fewer lone per-
son households.

An obvious difference between the simulated results here

and the actual sample size numbers achieved in SOEP and
UKHLS in particular is due to the much higher nonresponse
rates in these studies compared to the HILDA Survey that has
been used to generate the nonresponse models (Watson et al.,
2018). Conversely, the PSID has higher response rates than
the HILDA Survey, so rather than see the sample diminish
over time as simulated here, their sample has grown. Higher
non-response rates, as seen more recently in the PSID (In-
stitute for Social Research, 2019) will slow or eliminate this



CHOOSING WHO TO FOLLOW: THE LONG-RUN IMPACT OF FOLLOWING RULES 317

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

.7 .8 .9 1 1.1
Mean

Children in HH

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

2.35 2.4 2.45 2.5
Mean

Adults in HH

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

.31 .32 .33 .34 .35
Proportion

Full-time employment

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

.18 .2 .22 .24
Proportion

Has long term health condition

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

.45 .46 .47 .48 .49 .5
Proportion

Couple HH

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

.045 .05 .055 .06
Proportion

Lone parent HH

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

.09 .095 .1 .105 .11 .115
Proportion

Lone person HH

SOEP

HILDA1

HILDA2

BHPS

PSID

UKHLS

3.5 4 4.5 5 5.5 6
Mean

Number intact years

Figure 7. Characteristics of the sample in wave 41 for various following rules (non-responding households excluded)

sample growth.

These results indicate that the following rules chosen at
the outset of conducting a household panel survey have long
term consequences on the size and composition of the sam-
ple. This is important for survey managers in understanding
the likely cost differentials of certain decisions around the
following rules. Although changes can be made to these fol-
lowing rules in later waves it will not be possible to re-engage
with sample members that have left the sample (i.e., become

inactive TSMs) if the following rules are widened at a later
point in time. And if the following rules are narrowed later
then it means that following and interviewing those sample
members that are later thought excessive has added unneces-
sarily to the cost of the study.

These results are also relevant to the users of household
panel survey data. The unbalanced panel is not equivalent to
a series of cross-sections or cohorts added together. There
are additions to the sample due to the practice of interview-
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ing all people the CSM shares a house with as well as who
is converted to a CSM and followed should they leave the
household of a CSM. These additional people alter the size
and composition of the sample and this needs to be taken into
account in some way when analysing the data. Or at least
undertaken as part of the sensitivity analysis. One way to
take these differences into account is through the restriction
of the sample to the OSMs and (some or all of) their descen-
dants. Ideally, the choice to include children in the analysis
should be proportional to the number of OSM parents that
they have. An alternative is to use weights in the analysis
which already take into account these differences in proba-
bilities of inclusion in the sample. Understandably, the use
of weights may be a concern to the analyst as it will result
in restrictions to the sample. One potential option that needs
some further research could be to use the design weight if
this is available post wave 1. The author is aware of only one
study, the UKHLS, which provides such a weight.

It is also worth noting that studies such as the SOEP have
supplemented their original sample with a number of addi-
tional samples. The impact of such additions could be ex-
plored by combining the simulated sample from different
waves together. For example, if a sample addition of the size
of the original sample was added in wave 11 of the survey,
then at wave 16 this would be equivalent to adding the wave
6 sample for the top-up to the original sample at wave 16.
Alternatively, if the top-up was focused on households with
particular characteristics, then a subset of such households

could be selected from the wave 1 sample and subsequent
households in later waves linked to those original households
could be added to the appropriate wave of the original sam-
ple. Such explorations of the size and composition of multi-
ple combined samples is beyond the scope of this paper.

This simulation has a number of limitations. The first lim-
itation is that re-joiners to a household (i.e. someone who left
a sampled household and returns at a later wave) are treated
as the same as a new entrant. Sample members who leave
a household are treated as separate lines followed through
time (as illustrated in Figure 2) and it would be very difficult
to recross those lines when a re-joiner to a household occurs,
certainly when the two lines have used different donors in the
intervening waves and could be at different stages of devel-
opment. Re-joiners make up 13% of the household joiners
on average across waves 3 to 18 of the HILDA Survey. Nev-
ertheless, treating re-joiners as new entrants will increase the
size of the simulated sample somewhat. The second limita-
tion is that there is a small amount of leakage in the simu-
lation system, resulting in 0.05% of the sample each wave
not matching to a suitable donor. It is not expected that this
would materially affect the results of the simulation. The
third limitation is that the household transition, composi-
tional change and response models are limited to a certain
set of variables and as a result the simulated processes are
based only on these variables. For non-response in partic-
ular, this means that nonresponse is simulated via a miss-
ing at random process specific to this set of variables and
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that other variables—such as household structural changes
(known only for responding households)—which may be as-
sociated with non-response are not able to be included. The
fourth limitation is that the fertility rates, mortality rates,
emigration and immigration rates applied in this simulation
study are those from 2002 to 2018 in Australia based on the
HILDA Survey data. Further, it is assumed that these rates
are relatively steady over the 40-year window of the simula-
tion. Equivalent simulations using data from other countries
may produce different results simply because of these dif-
ferences in demographic statistics, but the broad findings are
expected to be similar.
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Appendix
Details of the simulation

Imputing broad family type for partial household splits

The broad family type into which each household
split transitions in wave t + 1, conditional on a transition
having occurred, is imputed if it is not already known (as in
example 1 in Figure 1). The process to impute this is similar
to that described in Section 2.3 for imputing the broad family
type of the household head. A multinomial logit model for
each family type in wave t is estimated based on observed
transitions where broad family type is known in wave t + 1
(models not shown). The head of each part household split
is included in the model. The person defined as the head of
the part split is in order of priority part of a couple, a lone
parent, or other household member. Where more than one
person fulfils the requirement for part split head, the older
person is chosen. The characteristics of the household in-
cluded in the model are whether the period the household
has been intact is left truncated, the number of intact years,
whether the household contains other relatives or unrelated
persons. The characteristics of the part household head in-
clude 5-year age dummy variables, employment status, and
health status. Six predicted probabilities are estimated for
each head of a household split, one for each broad family
type they could transition into in wave t + 1. All heads of
a split household missing the family type in wave t + 1 are
randomly assigned to one of the six family types based on
the predicted probabilities.

Imputing household structure for partial household splits

For the 4% of person-wave observations where it is
known a transition occurred between t and t+1 but the house-
hold was not observed in wave t + 1 (as in Example 2 in Fig-
ure 1), hot deck imputation is used. Donors are randomly
matched to recipients within imputation classes. The impu-
tation classes are defined by a range of variables based on the
information specific to the portion of the household at wave t
that splits out at wave t+1 along with the imputed family type
for wave t + 1. The variables used to define the imputation

classes are in the following order: number of adults, number
of children, whether a child was turning 15 (and therefore
becoming eligible to be interviewed in wave t + 1), 5-year
age group of the head of the part split, 5-year age group of
the oldest person in the part split, imputed family type in
wave t + 1, relationship in household (couple, lone parent,
child, other) of the head of the part split, family type in wave
t, whether the observation of the household was left trun-
cated, the number of years the household was intact, the age
of the youngest child, and the age of the oldest child. Where a
donor could not be found, the last of these variables defining
the imputation classes was dropped and an attempt to find a
new donor is made. This is repeated until donors were found
for all missing household splits. Table A1 shows the num-
ber of donors found at each level of matching. The donor
could come from any of the first 17 waves of the sample.
New household identifiers are assigned to these imputed part
household splits, the longitudinal individual identifiers of the
recipients are carried forward into the new household and
new household members are identified (if any). All house-
hold information (such as age, sex, household relationships,
employment status, health status) is taken from the donor and
updated to ensure age and sex is consistent with the recipi-
ent’s previous wave record.

Imputing family type household head transitioned into

Where a transition in household structure (i.e., there
was a joiner or leaver or both) occurs between wave t and
t + 1, broad family type of the household head at wave t + 1
is imputed where it is unknown. Table A2 shows the multi-
nomial model of broad family type (in 6 categories) in wave
t + 1 fitted for each of the broad family types at wave t.

Selected results with full response

Figure A1 shows the growth in the sample before non-
response has been applied. Figures A2 and A3 show the
age distribution and the proportion who move house in these
samples at waves 16 and 41.
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Table A1
Hot deck match level to complete part household splits

Imputation pass

Variable 1 2 3 4 5 6 7 8 9 10 11 12

Number of adults Y Y Y Y Y Y Y Y Y Y Y Y
Number of children Y Y Y Y Y Y Y Y Y Y Y Y
Whether has child turning 15 Y Y Y Y Y Y Y Y Y Y Y
Part split head age group Ya Ya Yb Yb Yc Yc Yc Yc Yc Yc

Part split max age group Ya Ya Yb Yb Yc Yc Yc Yc Yc

Part split head imputed family type in wave t + 1 Y Y Y Y Y Y Y Y
Part split head relationship in household Y Y Y Y Y Y Y
Family type in wave t Y Y Y Y Y Y
Whether HH was left truncated Y Y Y Y Y
Years the HH was intact Y Y Y Y Y
Age of the youngest child Y Y Yd Yd

Age of the oldest child Y Yd Yd

Percent of part household splits matched at imputation pass 62 2 7 1 4 6 4 2 11 0 0 0
a 5-year age groups b 15-year age group c age groups 0–14, 15–29, 30–59, 60 and over d age groups 0–4, 5–9, 10–14
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Figure A1. Sample size for waves 1 to 41 for different following rules with full response. Notes:
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Figure A2. Age distribution of the simulated samples at wave 16 and 41 for the various follow-
ing rules, assuming full response
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