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Non-response follow-up for business surveys

Elisabeth Neusy, Jean-Frangois Beaumont, Wesley Yung,
Mike Hidiroglou and David Haziza®

Abstract

In the last two decades, survey response rates have been steadily falling. In that context, it has become
increasingly important for statistical agencies to develop and use methods that reduce the adverse effects of
non-response on the accuracy of survey estimates. Follow-up of non-respondents may be an effective, albeit
time and resource-intensive, remedy for non-response bias. We conducted a simulation study using real
business survey data to shed some light on several questions about non-response follow-up. For instance,
assuming a fixed non-response follow-up budget, what is the best way to select non-responding units to be
followed up? How much effort should be dedicated to repeatedly following up non-respondents until a
response is received? Should they all be followed up or a sample of them? If a sample is followed up, how
should it be selected? We compared Monte Carlo relative biases and relative root mean square errors under
different follow-up sampling designs, sample sizes and non-response scenarios. We also determined an
expression for the minimum follow-up sample size required to expend the budget, on average, and showed
that it maximizes the expected response rate. A main conclusion of our simulation experiment is that this
sample size also appears to approximately minimize the bias and mean square error of the estimates.

Key Words: Non-response; Follow-up; Business surveys.

1. Introduction

Data collection research is a topic of interest amongst national statistical agencies looking to increase
response rates and/or reduce data collection costs. With the high costs of collecting survey data, even a
small increase in the efficiency of data collection procedures can translate into significant monetary
savings. Given that response rates have declined over the past twenty years in both social and economic
surveys, there has also been a growing concern over non-response bias.

In one of the first papers to discuss non-response, Hansen and Hurwitz (1946) proposed drawing a sub-
sample of non-respondents, also called a non-response follow-up sample, to eliminate non-response bias.
Their set-up was as follows: questionnaires were mailed out and after a certain period, a sample of non-
respondents was followed up by personal interviewers to obtain their responses. They showed how the
responses to the initial mail-out could be combined with those from the non-response follow-up sample to
obtain an unbiased estimator of a population total or mean. They made the strong assumption that every
unit of the follow-up sample responds. However, in today’s environment, this assumption is not realistic
as businesses and individuals are becoming increasingly reluctant to respond to surveys.

Much of the research published in the literature in the last 15 years has focused on adaptive collection
designs, also called adaptive survey designs, responsive collection designs, responsive survey designs, or
simply responsive designs. Groves and Heeringa (2006) defined a responsive survey design as one that
uses paradata, or process data, to guide changes in the features of data collection to achieve higher quality

1. Elisabeth Neusy, Statistics Canada, 100 Tunney’s Pasture Driveway, Ottawa, Ontario, Canada, KI1AOQ0T6. E-mail:
elisabeth.neusy@statcan.gc.ca; Jean-Frangois Beaumont, Wesley Yung and Mike Hidiroglou, Statistics Canada, 100 Tunney’s Pasture
Driveway, Ottawa, Ontario, Canada, K1A 0T6. David Haziza, University of Ottawa, 150 Louis-Pasteur Private, Ottawa, ON, K1IN 6N5.
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estimates per unit cost. Beaumont, Bocci and Haziza (2014) noted that the literature on adaptive collection
designs has mainly focussed on developing procedures that aim at reducing the non-response bias of an
estimator that is not adjusted for non-response (see for example Schouten, Cobben and Bethlehem, 2009;
and Peytchev, Riley, Rosen, Murphy and Lindblad, 2010). Beaumont et al. (2014) argued that any
information (e.g., auxiliary data, paradata) that can be used during data collection to reduce non-response
bias can also be used at the estimation stage. In other words, the non-response bias that can be removed at
the collection stage through an adaptive collection procedure can also be removed at the estimation stage
through appropriate non-response weight adjustments. They suggested that adaptive collection procedures,
such as call prioritization, cannot reduce the non-response bias to a greater extent than a proper non-
response weight adjustment. Limitations of adaptive collection procedures to reduce non-response bias
and costs were also noted in the review paper by Tourangeau, Brick, Lohr and Li (2017).

So far, the literature on collection research has mostly targeted household surveys, and little has been
reported on this subject for business surveys, two exceptions being Bosa, Godbout, Mills and Picard
(2018) and Thompson, Kaputa and Bechtel (2018). Bosa et al. (2018) derived an item score that reflects
the importance of following-up a particular sample unit and suggested an adaptative collection procedure
using this score. Units with a large item score contribute the most to reducing the variance of point
estimators. These units are given priority for expensive collection operations such as telephone follow-up.
Thompson et al. (2018) considered sub-sampling of non-respondents and investigated the problem of sub-
sample allocation subject to some constraints on the response rate and sample size in predetermined
domains of interest.

Although business surveys typically use simple sampling designs, such as stratified simple random or
Bernoulli sampling designs, they do possess certain features that can pose collection challenges. A
distinctive feature is that business populations are highly skewed with a small percentage of businesses
representing much of the economic activity. Consequently, business surveys usually include a take-all
stratum where all units are selected with certainty, and take-some strata where the units are usually
selected using simple random sampling without replacement or Bernoulli sampling. The take-all units
correspond to large businesses. Failing to obtain a response from these large businesses could cause
significantly biased estimates. As a result, all take-all units are typically followed up, and efforts are made
to ensure their responses are received. The large businesses usually have staff (e.g., accountants) capable
of responding to items on the questionnaire. On the other hand, small businesses may have to pay an
outside accountant to obtain the requested information; this could be a contributing factor to non-response
for such businesses. Another feature of business surveys is that collection is usually conducted in two
steps. First, letters are sent to the sample units by postal service or by email, inviting them to complete an
online electronic questionnaire. After a certain period of time, a follow-up of the non-responding units is
conducted via computer-assisted-telephone interviews.

In this article, we focus on the take-some strata and attempt to respond to the following questions: (i)
For a fixed budget for follow-up, how much effort should we dedicate to repeatedly following up
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non-respondents until a response is received? (ii) Should we follow up all the non-respondents or select a
sample of them? (iii) If we select a sample of non-respondents, what sampling designs would lead to more
efficient estimators? To the best of our knowledge, determining an appropriate follow-up sample size and
sampling design has not been investigated in the literature.

In the remainder of the paper, we present our investigations on non-response follow-up in the business
survey context. The proposed follow-up strategy, which consists of a follow-up sampling design, data
collection procedure, and estimator, is introduced in Section 2. In Section 3, we provide some theoretical
properties of the proposed follow-up strategy. Section 4 describes a simulation study conducted to
investigate the properties of the non-response-adjusted Hansen-Hurwitz estimator of a population total
under different follow-up sampling designs and response scenarios. Finally, in Section 5, we summarize
our main conclusions. Although we focus on business surveys, we believe that most of our conclusions
also apply to social surveys.

2. Proposed follow-up strategy

Consider a finite population U of N units, partitioned into L strata, U,,...,U,,...,U, of size
Ny, ..., N,,..., N, respectively, such that U =U|::1Uh and N =Z::1 N,. We are interested in
estimating the population total Y =Zt=lzieuh Y.i» Where y,, is the value of the variable of interest y for
ieU,. From each stratum U,, a sample s,, of size n,, is selected according to simple random
sampling without replacement. The resulting total sample, 51:U::1 S, is of size n,. We denote by
7 =Ny, /N, . the probability that unit iU, is selected in s,,. The n, sampled units in stratum h are
invited, either by post or email, to complete an online electronic questionnaire. We call this the “mail-
out”. If all sampled units respond to the mail-out, one could use the unbiased expansion estimator of Y,
also called the full sample estimator:

5 L
Yeow = Zh=1zieslh Wit Yhi» (2.1)

where w,,; =1/7,, denotes the design weight associated with i€ s, .

In practice, not all sampled units respond to the mail-out. Suppose that, after a certain period of time,
n,, of the n, sampled units respond in stratum h. We denote the set of respondents in stratum h by
S;,-» and the response probability for unit i s, by p,,. A sample of n, units, s,, is then selected from
the set of all non-respondents to the mail-out, s, .. We denote by s,,, the set of n,, units selected for a
follow-up in stratum h among the set of non-respondents to the mail-out in stratum h, s, .. We denote

the probability that the mail-out non-respondent i €s,, . is selected in the follow-up sample s, by 7,,.

h,nr

We assume that this probability can be written as 7,,; =n,z,,;, Where r,; does not depend on the follow-
up sample size n, and satisfy the condition

> s s, T =1 2.2)
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This condition is satisfied for simple random sampling, stratified simple random sampling, with
proportional or Neyman allocation, and probability proportional to size sampling.

Units of the sample s, are followed up via telephone. If all n,, units respond to the follow-up,
h=1,..., L, the unbiased Hansen and Hurwitz (1946) estimator of the population total Y can be used:

YAHH = 2::1Zieslh, Wini Yni z;ﬂziem Wik Wari Yhi » (2.3)

where w,,; =1/7,,; is the follow-up design weight of unit ies,,. The objective of the sample s, is to
. L - . .
estimate the unknown total thlziesm W, Y- If avariable x strongly related to the variable of interest
y is available before sample selection for all the mail-out non-respondents, it seems natural to use W, X,;
as an auxiliary variable for stratification or as a size measure for probability proportional to size sampling.

As pointed out by a reviewer, it is important to wait until mail-out data collection is closed before
selecting the follow-up sample. If units respond to the mail-out after the follow-up sample has been
selected, some decisions on how to handle these late respondents are required. If they are not discarded, it
may be difficult to obtain an unbiased estimator like (2.3) without introducing model assumptions (see
Beaumont, Bocci and Hidiroglou, 2014). This issue may also have implications on the length of the
collection period.

As pointed out in the introduction, it is unlikely that all the follow-up sample units will respond.
Suppose that after the end of the data collection period, n,,, units have responded to the follow-up in
stratum h. We denote by s,,, the set of the n,,, respondents in stratum h. We consider the non-response-
adjusted version of the Hansen and Hurwitz (1946) estimator:

YAHH—NA = Z;ﬂzie% Wi Yhi + Z:::lZieth, o (2.4)

where a,, is a non-response weight adjustment. Under uniform non-response, a suitable weight
adjustment is the inverse of the overall weighted response rate:

L
DI s, Nanj Wanj
Qp =, =

=a, =—
Zh:leeszm Wi Warj

A less restrictive assumption is uniform non-response within strata. Under this assumption, a suitable

. iesy, h=1..L (2.5)

weight adjustment would be the inverse of the stratum weighted response rate:

ZjethWZhj
1

Wy
Zjeszm 2hj

Note that the non-response weight adjustment (2.6) is computable only if n, >0 for all strata.
Alternatively, unweighted versions of (2.5) and (2.6) could also be considered.

ies, h=1..,L (2.6)

Qo =8y, =
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As mentioned earlier, follow-up of non-respondents who have been selected in s, is performed via
telephone. In our proposed data collection procedure, a calling queue is first created by randomly ordering
units in s,. These units are then called sequentially until the queue is empty or the entire follow-up budget
has been expended, whichever comes first. Each call attempt made to units in s, results in one of these
three outcomes:

1. Response: A response is obtained from the unit. The unit is removed from the calling queue so
that it does not get called again.

2. Final non-response: The unit is finalized as a non-respondent; it should not be called back again
and is removed from the calling queue. The most common example of this outcome is a refusal
to respond to the survey.

3. Still in progress: The unit is not finalized and needs to be called again; it is therefore returned to
the end of the calling queue. An example of this outcome is an attempt where no contact is
made or an attempt where an appointment is made for a callback.

The “response” and “final non-response” outcomes are both final outcomes, in the sense that the unit is
removed from the calling queue and the collection process. This is in contrast to the “still-in-progress”
outcome where the unit is returned to the calling queue so that it can be called again. A unit that completes
the data collection process with an outcome of “response” or “final non-response” is said to be finalized or
resolved, otherwise, it is said to be unresolved. There are two types of non-respondents after data
collection: i) Finalized units with a “final non-response” outcome; and ii) Unresolved units. Both types of
non-respondents are accounted for in estimation using the non-response-adjusted estimator (2.4).

We assume that, for a given sample unit, the outcomes of the call attempts are independent, and the
probability associated with each of the three possible outcomes remains constant throughout the entire
data collection period. For a given sampled unit ies,,, h=1,...,L, the probability of a “response” is
denoted as P, the probability of a “final non-response” is denoted as P.?, and the probability of a
“still-in-progress” outcome is denoted as Pz‘,f’i). In practice, the independence and constant probability
assumptions may not hold exactly. The independence assumption is expected to be more plausible if the
probabilities are conditional on strong predictors and if the time gap between two successive call attempts
on the same unit is not too short. The constant probability assumption is not satisfied when the
probabilities depend on predictors that can vary during data collection, such as the time of day or day of
the week of the call attempt. Although it might be possible to extend our model to time-varying predictors,
it would complicate our theoretical developments and simulation study. These assumptions are made
throughout the paper to simplify our analyses. This is a limitation of our investigations that should be kept
in mind when interpreting our results.

Multiple phone call attempts may be necessary to reach and resolve a unit. Data collection managers
may wish to impose an upper limit on the number of call attempts that can be made to any follow-up
sample unit. If a unit is still in progress after reaching the limit, it is removed from the calling queue and
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remains unresolved at the end of data collection. Let K be that upper limit on the number of call attempts.
Assuming each unresolved unit at the end of data collection always reaches the maximum number of
attempts K, the probability that unit i es,,  responds when selected in the sample s, can be written as
Popi (K)=Zk'(:1 Powi» Where p,.. is the probability that unit i es,, . responds exactly at the k™ attempt
when selected in s,. Under our assumptions, it is easy to see that p,, =(P2(,f’i))k7l P, As a result, we
have

P (K) = Zszl Panik

_ ON K1 5@\
= Py k=0(P2hi)

K
1—(P(3»))

(@) 2hi

P 1-p® (2.7)

2hi

In the next section, equation (2.7) will be used to determine an appropriate follow-up sample size.

3. Some theoretical properties of the proposed follow-up strategy

Let C be the total budget allocated for non-response follow-up, which could be defined in terms of
monetary or time units. A cost is incurred for each call attempt and depends on the call outcome. We
denote by ¢, ¢'? and ¢, the cost per call attempt for a “response”, “final non-response” and “still-in-
progress” outcome, respectively. To simplify our derivations, we assume that these costs are the same for
each sample unit and do not vary during data collection. Let c,, :Z:ﬂ Cy« be the cost of either resolving
unit ies,, or reaching the maximum number of call attempts for that unit, where c,; is the cost of the
k™ call attempt for unit i €s,,. Ifaunit ies,, is resolved at the I™ attempt, ¢, is defined to be zero for
all k > 1. Therefore, the cost c,, is either zero, if unit i €s,, has been resolved before the k™ attempt, or
c?, ¢? or ¢, depending on the call outcome. For a given sample size n, and a fixed value of K, the
total follow-up cost, Zl;zigsz“ C,, is arandom variable when each sample unit is followed up until it is
resolved or the maximum number of call attempts has been reached. Taking the expectation of the total
cost with respect to the follow-up sampling design and non-response mechanism, conditionally on s, ,
we obtain the expected follow-up cost:

C(n,, K):Zﬁﬂzi%m T (K, (3.1)

where G, (K):Z::lchik is the expected cost of either resolving unit ies, . or reaching the maximum
number of call attempts, when that unit is selected in s,, and G, is the expected cost of the k™ attempt,
k <K, for that unit. Given c,;, =0 only if unit i has not been resolved before the k™ attempt, it is easy
to see that the expected cost C,;, is

k-1
= _(p® OpW 2)p(2) 3 p3)
Chik _(PZhi ) (C P2hi +C P2hi +C P2hi )
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The expected cost ¢, (K) reduces to

Chi(K) = ZK, Chik

K-1 k
— ( (1) Pz(ﬁl) (2) Pz(hzl) (3) PZ(I‘?I) ) Zk:o ( Pz(r?i) )

CWpW | Dp@ | (BpE 1_( 2(:i))
= ("R +c?Py +c Py, )W' (3.2)
2hi
Using 7, =n,x,. along with condition (2.2), we can determine the follow-up sample size necessary to
expend the budget C, on average, while ensuring each unit is resolved or has reached the maximum
number of attempts, K. That is, we can determine the follow-up sample size such that the expected
follow-up cost (3.1) is exactly equal to the budget C. This sample size is

C

K)= L .
Zh=lzieslh‘w T ahi Chi (K

where ¢, (K) is given in (3.2). For a fixed budget C, the sample size n,(C, K) is inversely related to K
and is a minimum when K =oo0; i.e., when there is no upper limit on the number of calls. This means that,
for a fixed cost C, choosing a sample size larger than n,(C, ) has an effect similar to reducing the
value of K, thereby increasing the expected number of unresolved units. Also, if a sample size smaller
than n, (C, o) is chosen, the expected cost (3.1) is smaller than the budget C; i.e., on average, the budget
is not entirely expended. The sample size n,(C, ) is thus the minimum sample size that expends the
budget C, on average.

(3.3)

From the sample size n,(C, K) in (3.3), the expected number of respondents to the follow-up survey
is
A,, (C' K) = Zh 1z,esm Tohi pzm )
Zh 12,65”‘ Toni p2h| K)

= (3.4)

Zh 1Z,€5m 731G (K

where p,, (K) is given in (2.7), and the expected response rate is

nZ,CK

( Zh 12.63lh o 7o p2h| ) (35)

From (2.7) and (3.5), we observe that the expected response rate does not depend on the budget C and
decreases as K decreases. It was noted above that choosing a sample size larger than the minimum
sample size n, (C, ), for a fixed cost C, has an effect similar to reducing the value of K. Consequently,
choosing a sample size larger than n,(C, %) would also have the effect of reducing the expected response
rate.
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We can also obtain the expected number of resolved units in a way similar to (3.4) as

* K
Z:::lZieslhm 7o (1_ (Pz(r?i)) )
Z;:lZieslhlm 7oniCi (K)
It can be easily seen that f, .. (C, K)<n,(C,K) and that f, . (C,)=n,(C, ). If the follow-up

sample size is chosen to be smaller than n,(C, o) then the expected cost Zt:lziesl
with C" <C, and, from (3.4) and (3.6), both the expected number of respondents and resolved units

fi, o (C,K)=C (3.6)

To1iChi (OO) =C,

decrease.

If the probability P,¥ is very close to 1 for a few units i e Siar N=1..., L, the minimum sample size
n,(C, ) could become very small. In this situation, it may be appropriate to choose a finite value of K
to avoid spending too large a portion of the budget on a few units. This would reduce the expected
response rate, as noted above, and possibly increase the bias of estimates. However, using a finite value of
K might also significantly increase the expected number of respondents and reduce the variance of
estimates. Plots of the expected response rate and the expected number of respondents as a function of K
may be useful to determine a suitable trade-off between the maximization of the expected response rate
(K =o0) and the maximization of the expected number of respondents, which could be reached at a finite
value of K. A small reduction of the expected response rate might be tolerated if it yields a significant
increase in the expected number of respondents.

Under uniform follow-up response, we have: P =P® P2 =P? and P =P, for each unit
ies, ., h=1...,L The follow-up sample size (3.3), the expected number of respondents (3.4), the
expected response rate (3.5) and the expected number of resolved units (3.6) reduce to

C 1-p?

n,(C,K)= : 3.7
2 ) (c(l)P;l) L c@p@ +C(3>P2<3)) 1—(P2(3))K 37)
B C )
fi,, C, K)= P , 3.8
2 ( ) (c(1>PZ(1) +c(2)P2(2) +C(s)l;,z(?,)) 2 (3.8)
~ 1_(P(3))K
M (C.K) _pot |7 (3.9)
nZ(C,K) 2 1_P2(3) [
and
_ C ®
N, (C,K)= 1-P7), 3.10
2, ( ) (C<1)P2(1> +C(2>Pz(z> +C<3>P2(3))( 2 ) ( )

respectively. It is worth pointing out that the expected number of respondents (3.8) and the expected
number of resolved units (3.10) no longer depend on K. The expected number of resolved units,
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M, . (C, K), is therefore equal to the minimum sample size to expend the budget C, n,(C, =), for every
value of K. As noted for the general expected response rate (3.5), the expected response rate (3.9) does
not depend on the budget C and decreases as K decreases. Given the above observations, the value of
K that maximizes both the expected response rate and the expected number of respondents is K =
under uniform response, which leads to choosing the sample size n,(C, ).

The probabilities Ph, P,2 and PSY are unknown. In practice, these probabilities must be replaced
with estimates in the above expressions. Because they are needed before selecting the follow-up sample
and collecting data, estimates of P.Y, P,? and P> could be obtained from previous survey data.

4. Simulation study

We conducted a simulation study to evaluate the properties of the non-response-adjusted estimator
(2.9), YHH_NA, under different response scenarios and follow-up sampling designs.

4.1 The simulation setup
Data used to create the sample s,

The data used for the simulation study are sample data from an actual business survey: Statistics
Canada’s Monthly Survey of Food Services and Drinking Places (MSFSDP). As is typical for business
surveys, the MSFSDP is stratified by province, industry and revenue (one take-all and one or more take-
some strata within each province/industry combination). For greater detail on the MSFSDP, see Statistics
Canada (2017). Each “Take AllI” stratum within a province/industry combination consists of the large and
important businesses, which are usually all followed up. These units are excluded from the simulation
study to focus on the follow-up strategy for the “Take some” strata. The set of sample units included in the
simulation study is thus the original sample of 2,375 units selected in the L =63 “Take some” strata.

Two variables are used for the simulation study: “Revenue” and “Sales”. The first variable, Revenue,
comes from the sampling frame (Statistics Canada’s Business Register) and is present for all units selected
in the MSFSDP sample. We use Revenue as an auxiliary variable, X, for sampling the non-respondents to
the mail-out (see below). The second variable, Sales, is one of the variables collected by the survey; it is
the variable of interest y. Both unit and item non-response are handled by imputation in the MSFSDP;
thus Sales are available for all units in the simulation study and is imputed for 15% of the sample units.
The correlation between Revenue and Sales is about 83% for both the respondent only data and the fully
imputed data.

In our simulation experiments, the sample s, is not randomly generated multiple times from MSFSDP
data. Instead, s, is fixed and consists of the set of all n, = 2,375 units in the original MSFSDP sample.
The strata identifier, the design weight, the variable of interest y (Sales) and the auxiliary variable x
(Revenue) for each unit of s, are taken from the MSFSDP sample file. Units with imputed y values are
included in s;, and imputed values are treated as observed values. This allows us to compute the full
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sample estimate Y., given in (2.1). This estimate is used as a benchmark to evaluate the properties of

Y._na Tor different response scenarios and follow-up sampling designs, as detailed below.

Generation of the set s, _ of mail-out non-respondents

1,nr

Next, from s,, response to the mail-out is generated independently from one unit to another using a
Bernoulli distribution with probability p,,,1€s,, h=1...,L. Two response probability scenarios are
considered:

1. Uniform: p,; = 50% for all sample units. Under this scenario, the expected number of non-
respondents to the mail-out is 2,375/2 = 1,187.5.

2. Correlated to the variable of interest: p,,; is determined using the logit function

log [p;h] ——0.31+0.000004y, .
— Pui
The constants -0.31 and 0.000004 are chosen by trial and error so that the expected number of non-
respondents to the mail-out is again approximately half of the size of s,. Note that the expected number of
non-respondents to the mail-out can be written as Z:ﬂzie% (1— py; )- As a result, the constants are such
L " -1
that > > .. Pu =~ 11875 where p,, = [1+exp(0.31-0.000004y,,)] .

Selection of the follow-up sample s,

The next step in the simulation is to select a follow-up sample s, from the set of mail-out non-
respondents, s, ., generated from one of the two response probability scenarios above. Five different
sampling designs are considered for the selection of the follow-up sample:

1. Census of the mail-out non-respondents;
2. Simple Random Sampling (SRS) without replacement, ignoring the original stratification;

3. Stratified SRS without replacement using the original stratification, with sample allocation to
strata proportional to the number of mail-out non-respondents;

4. Systematic sampling with probability proportional to Revenue, X, ignoring the original
stratification;

5. Systematic sampling with probability proportional to Revenue multiplied by the initial design
weight, w,;X,;, ignoring the original stratification.

Note that the size variables used for the two Probability Proportional to Size (PPS) sampling designs
are trimmed from below the 5" percentile to remove zero-valued observations and some extremely small
values that caused instability. On average, there are 1,188 non-respondents to the mail-out. For the first
design, all non-respondents are followed up. For the remaining four designs, the follow-up sample sizes
used for the simulation are chosen as 100, 200, 300, 400, 500, 700, and 900.
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Generation of call outcomes

The outcomes of the telephone follow-up collection procedure are simulated at the call attempt level.
For each sample unit ies,, h=1...,L, the probabilities P, P,? and P for the three possible
outcomes (see Section 2) are assigned before the start of the simulation and do not vary as data collection
progresses. Two response scenarios are considered:

1. Uniform: P = 25%, P,? = 5%, and P,> = 70% for all units. These values were taken from
Xie, Godbout, Youn and Lavallée (2011).

2. Correlated to the variable of interest: The probability of a “response” is based on the following
logit function:

—p®
2hi

@
Iog[l PZ; J =—1.29+0.000002,, +0.3z,;,

where z,, is generated from the standard normal distribution. The constants -1.29, 0.000002
and 0.3 are chosen by trial and error so that the average of P2 over all units in the sample s, is
approximately 25%; i.e., n* z;ﬂzie% Py ~ 0.25, where Py =[1+exp(1.29 —0.000002y,; —
0.3 zhi)]’l. Note that the coefficient of correlation between the response probability P and the
variable of interest y,. is 61%. The other two probabilities are defined as: P2 = 0% (1— Pzﬂf?)
and Py =222 (1- P, ). This ensures that Py} + P, + By =1.

For a given follow-up sample unit, the probabilities P,", P,? and P> are used to randomly generate
the outcome of each call. After a call attempt, the unit returns to the end of the calling queue unless it is
finalized and an outcome of “response” or “final non-response” is obtained. Outcomes are generated
independently from one call to another. There is no explicit upper limit on the number of call attempts
made to the same unit in our simulation study (K =oo).

Note that for the response scenario with varying response probabilities, the units that respond to the
first call attempt are typically units with a higher response probability. As a result, the units that remain in
the calling queue for the second attempt tend to be units with a lower response probability. It follows that
the proportion of units that respond in the second attempt tends to be lower than in the first attempt.
Similarly, the proportion of units that respond in the third attempt tends to be lower than in the second
attempt, and so on. The proportion of units that respond decreases with each call attempt, as the units that
remain in the calling queue are those that are harder to reach. Therefore, estimates may suffer from
substantial bias if data collection ends prematurely, and if those that are harder to reach tend to have vy -
values larger or smaller than the other sample units.

The total budget for follow-up is fixed at 3,000 units (monetary or time units) in our study. A cost is
charged for each call attempt. The amount charged depends on the outcome of the attempt: a “response”
outcome has a cost of 5 units (c(l) =5), a “final non-response” outcome has a cost of 2 units (c‘z’ = 2),
and a “still-in-progress” outcome has a cost of 1 unit (c(?’) :1). The collection ends when the budget runs
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out, or when there are no more cases left in the calling queue (i.e., all units are resolved), whichever
occurs first. The cost values and budget have been chosen somewhat arbitrarily as they are survey-
specific. However, we ensured that ¢ >c¢® >c'® as this relation is generally expected to hold in
telephone surveys.

Monte Carlo measures

The generation of responses to the mail-out, the selection of the follow-up sample and the generation
of responses to the follow-up are repeated independently R = 1,000 times for each combination of mail-
out response scenario, follow-up sampling design and follow-up response scenario described above. The
non-response-adjusted estimator (2.4), VHHfNA, is computed for each replicate. The non-response weight
adjustments a,,; are computed using (2.5) as the inverse of the overall weighted response rate. We use
a,,; =a,, givenin (2.5), rather than a,,; =a,,, given in (2.6), to avoid a few cases where some of the sets
S, are empty, which would lead to infinite values of a,,. The non-response weight adjustment (2.5) can
be viewed as an extreme form of collapsing. Less extreme collapsing could be applied in practice and
might show better properties. We choose (2.5) in this simulation study for its simplicity.

Using the 1,000 replicates of Y,,, .., the Monte Carlo Relative Bias (RB) and Relative Root Mean
Square Error (RRMSE) of Y,,, .. are computed as

R R
RB:%Z E,x100% and RRMSE = /%Z E? x 100%,
r=1 r=1

where E, =(YHFH7NA —YFULL)/\?FULL is the relative error for the r" simulation replicate, and Y, .. is the
non-response-adjusted Hansen-Hurwitz estimator for the r™ replicate, r =1, ...,1,000.

As pointed out above, the initial sample s, is fixed for each of the 1,000 replicates to focus on the
mail-out and follow-up response mechanisms and the follow-up sampling design. While it could have
been possible to create an artificial population and draw a different initial sample at each replicate, it was
felt that this additional complexity would not change our main conclusions, except for systematically
increasing the variance of V,,, .. Our simulation setup has also the advantage of being conditional on
real sample data.

4.2 Simulation results

In this section, we discuss the simulation results for four scenarios of mail-out and follow-up response:

1. The response probability is uniform for both the mail-out and the follow-up. This serves as a
baseline scenario with which to compare the other scenarios.

2. The response probability is correlated to Sales for the mail-out and uniform for the follow-up.

3. The response probability is uniform for the mail-out and correlated to Sales for the follow-up.
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4. The response probability is correlated to Sales for both the mail-out and the follow-up. This
scenario is probably the most realistic.

Response Scenario 1: Uniform response probability for both the mail-out and the follow-up

Figure 4.1 shows the relative bias versus the follow-up sample size for the five sampling designs.
Figure 4.2 shows the RRMSE versus the follow-up sample size. Note that the results for the follow-up of
all mail-out non-respondents are given by the last point on the figures (i.e., a sample size of 1,188).

Figure 4.1 Relative bias versus follow-up sample size for Scenario 1.
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Figure 4.2 Relative root mean square error versus follow-up sample size for Scenario 1.
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The following observations can be made by examining Figures 4.1 and 4.2:

e The RB is approximately zero for all follow-up sample sizes and designs. The only exception is
stratified SRS with a follow-up sample size of 100. The proportional allocation strategy for the
follow-up sample does not ensure that at least one unit is selected from each stratum. Therefore,
for smaller follow-up sample sizes (e.g., 100), some strata end up with no follow-up sample
although they may contain mail-out non-respondents. This causes a negative bias for the
estimation of a population total.

e As the sample size increases from 100 to 400, the RRMSE decreases for all designs. This can
be explained by an increase of the average number of respondents as the sample size increases
(not shown in the figures).

o For sample sizes greater than 400, the RRMSE remains roughly constant for the SRS and
stratified SRS designs. For those sample sizes, the average number of respondents remains
roughly constant. This is consistent with equation (3.8). It indicates that, under uniform
response to the follow-up, the expected number of respondents does not vary with K, and thus
with the follow-up sample size, provided the budget is expended.

e The PPS designs seem to be more efficient than the SRS and stratified SRS designs. However,
for sample sizes greater than 400, the gains in efficiency diminish as the sample size increases.

Response Scenario 2: Response probability correlated to Sales for the mail-out and uniform

for the follow-up

Figures 4.3 and 4.4 show the relative bias and the RRMSE for Scenario 2, respectively.

Figure 4.3 Relative bias versus follow-up sample size for Scenario 2.
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Figure 4.4 Relative root mean square error versus follow-up sample size for Scenario 2.
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The following observations can be made by examining Figures 4.3 and 4.4:

109

The results show that if the mail-out response probability is correlated to Sales, but the follow-
up response probability is uniform, the bias can be nearly eliminated through the follow-up
sampling design. This can be explained by observing that the Hansen and Hurwitz (1946)

estimator (2.3) is unbiased for any mail-out response mechanism.

The observations given for Scenario 1 apply to Scenario 2 as well.

Response Scenario 3: Response probability uniform for the mail-out and correlated to Sales
for the follow-up

Figures 4.5 and 4.6 show the relative bias and the RRMSE for Scenario 3, respectively.

Figure 4.5 Relative bias versus follow-up sample size for Scenario 3.
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Figure 4.6 Relative root mean square error versus follow-up sample size for Scenario 3.
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The following observations can be made by examining Figures 4.5 and 4.6:

e The RB is lowest for sample sizes less than or equal to 400, where we observed that all the units
were finalized before the budget ran out. The lower RB for stratified SRS with a follow-up
sample size of 100 is due to strata with no follow-up sample (see Response Scenario 1).

e The RRMSE is minimized for a sample size of 400.

o For sample sizes greater than 400, both RB and RRMSE increase as the sample size increases.
For those sample sizes, we observed a diminution of the average response rate as the sample
size increases (see the discussion below equation (3.5) for a theoretical justification). This
explains the increase of RB and RRMSE as the sample size increases.

e The PPS designs seem again to be more efficient than the SRS and stratified SRS designs.
However, for sample sizes greater than 400, the gains in efficiency diminish as the sample size
increases.

Response Scenario 4: Response probability correlated to Sales for both the mail-out and the
follow-up

Figures 4.7 and 4.8 show the relative bias and the RRMSE for Scenario 4, respectively.

Figures 4.7 and 4.8 are similar to Figures 4.5 and 4.6. The observations given for Scenario 3 apply to
Scenario 4 as well.
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Figure 4.7 Relative bias versus follow-up sample size for Scenario 4.
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Figure 4.8 Relative root mean square error versus follow-up sample size for Scenario 4.
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4.3 Remarks on the simulation results

111

We observed that for follow-up sample sizes smaller than or equal to 400, and for all sampling designs
and response scenarios, all the units were finalized with an outcome of “response” or “final non-response”
before the budget was exhausted, except for two simulation replicates. As a result, the follow-up response
rate remained roughly constant whereas the number of respondents increased as the follow-up sample size

increased from 100 to 400, reducing the variance and mean square error of the estimator Y., ..

For sample sizes of 500 or over, the follow-up budget always ran out before all the units were
finalized. As the follow-up sample size increased, the number of respondents and finalized units remained
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roughly constant. On average, between 430 and 445 cases were finalized at the end of data collection
depending on the sampling design and response scenario; the other units were left in the calling queue
with an outcome of “still-in-progress”. It thus appears that the follow-up budget used for the simulation
study was just large enough to finalize around 440 units for sample sizes greater than or equal to 500.
Given that the number of respondents remained roughly constant as the sample size increased, the
response rate decreased. The reduction of the response rate can be explained by a smaller average number
of call attempts per sample unit as the follow-up sample size increases. This has the undesirable
consequence of increasing the bias and mean square error of Y,,, . for the non-uniform follow-up
response mechanism.

From Figures 4.2, 4.4, 4.6 and 4.8, we also observe that the RRMSE reaches a minimum for a sample
size of 400 or 500 depending on the response scenario and sampling design. The sample size that
minimizes the RRMSE seems to correspond roughly to the minimum sample size that expends the follow-
up budget on average. As discussed above, a smaller sample size increases the variance of Y., ,,, due to
a smaller number of respondents, whereas a larger sample size may increase the bias due to a reduced
response rate. The minimum sample size to expend the follow-up budget appears to be the same as the
expected number of resolved units, which was around 440 in our simulation study for sample sizes of 500
or above.

The theory developed in Section 3 supports the above empirical observations for uniform response to
the follow-up. Table 4.1 provides values of the sample size (3.7), the expected number of respondents
(3.8), the expected response rate (3.9), and the expected number of resolved units (3.10) for different
values of K, and for the values of C,c”, c?,c®, P¥, P? and P used in the simulation study:
C=3,000c®=5c¢?=2c%®=1 PY=025 P?=0.05 and P = 0.70. The minimum sample size
n,(C, ) and the expected number of resolved units fi, ..(C, K) are equal to 439; this agrees with the
simulation results.

As shown in Table 4.1, a small value of K may reduce significantly the expected response rate
whereas the expected number of respondents does not vary with K provided the budget is expended.
Therefore, under uniform response to the follow-up, there does not seem to be any advantage to using a
follow-up sample size larger than n,(C, ), the minimum sample size to expend the budget on average,
which is 439 in this scenario. This choice maximizes the expected response rate without reducing the
expected number of respondents. Under moderate departure from uniform response, choosing a sample
size close to n, (C, ) (or a large value of K) would ensure the non-response bias is better controlled.

Our simulation results indicate that the conclusions drawn from Table 4.1 hold approximately for non-
uniform response to the follow-up. In particular, the minimum sample size that expends the budget was
close to 439 and the expected number of respondents and resolved units stayed roughly constant when the
follow-up sample size increased. As a result, incorrectly assuming uniform response when it is not
uniform leads to an appropriate sample size in our simulation setup. Another conclusion of our simulation
study is that choosing a follow-up sample size close to n,(C,o) appears to minimize both the
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non-response bias and mean square error of Y,,, ... However, we will show in the next two examples that

our conclusions may not always hold under larger departures from uniform response.

) A

Suppose that there are exactly 1,188 mail-out non-respondents and that the values of C, c?, c?, c@,
PY, P? and P are exactly the same as those used in the simulation study and Table 4.1. However, for
one of the 1,188 units, unit j say, the probabilities P}’ = 0.25, P;”’ = 0.05 and P;” = 0.70 are replaced
with P, = 0.000005, P,” = 0.000001 and P,” = 0.999994, respectively. The response mechanism is
almost uniform, except for one unit with a very small probability of being resolved. For simplicity, we
assume that the follow-up sample is selected using simple random sampling without replacement. For this
scenario, Table 4.2 shows the sample size (3.3), the expected number of respondents (3.4), the expected
response rate (3.5) and the expected number of resolved units (3.6) for different values of K.

Table 4.1
Sample size, expected response rate, and expected number of respondents and resolved units for different
values of K under uniform response to the follow-up

K Sample size (3.7) Expected response rate Expected number of Expected number of
(3.9) respondents (3.8) resolved units (3.10)

0 439 83.3% 366 439

20 439 83.3% 366 439

10 452 81.0% 366 439

6 498 73.5% 366 439

5 528 69.3% 366 439

4 578 63.3% 366 439

3 668 54.8% 366 439

2 861 42.5% 366 439

1* 1,188 25.0% 297 356

*The direct application of (3.7) leads to n, (C,1)= 1,463. However, this value is larger than the expected number of mail-
out non-respondents in the simulation study. Assuming there are exactly 1,188 mail-out non-respondents and taking them all
in the follow-up sample (n2 :L188), we can compute the expected follow-up cost (3.1) as C (n,,1)= 2,435.4, which is
smaller than the total budget of 3,000. Using a revised budget of 2,435.4, the expected number of respondents and resolved
units are 297 and 356, respectively.

Table 4.2
Sample size, expected response rate, and expected number of respondents and resolved units for different
values of K when one unit has a very small probability of being resolved

K Sample size (3.3) Expected response rate Expected number of Expected number of
(3.5) respondents (3.4) resolved units (3.6)

00 20 83.3% 17 20

20 439 83.2% 365 438

10 452 80.9% 365 438

6 498 73.5% 366 439

5 528 69.3% 366 439

4 578 63.3% 366 439

3 668 54.7% 366 439

2 861 42.5% 366 439

1* 1,188 25.0% 297 356

*The direct application of (3.3) leads to n,(C,1)= 1,464, which is larger than the number of mail-out non-respondents
(1,188). Similar to Table 4.1, we can compute the expected follow-up cost (3.1) as C(n, =1,188, K =1) = 2,434.4, which
is smaller than the total budget of 3,000. Using a revised budget of 2,434.4, the expected number of respondents and
resolved units are 297 and 356, respectively.
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The minimum sample size to expend the budget, on average, is n,(C, o) =20 in that scenario. It is
significantly smaller than 439, the corresponding value for uniform response shown in Table 4.1. As
pointed out in Section 3, using a finite value of K may avoid spending too large a portion of the budget
on a few units with a very small probability of being resolved (unit j in this example). Indeed, Table 4.2
shows that the expected response rate decreases marginally by reducing the value of K from infinity to
20 whereas the expected number of respondents drastically increases from 17 to 365. Using a finite value
of K seems desirable in this scenario as it may substantially reduce the variance of Y, .. The impact
on non-response bias is likely to be negligible unless the y value of unit j is extremely different from
other units. Incorrectly assuming uniform response for all units would lead to choosing a sample size of
439, as shown in Table 4.1. This choice appears to remain appropriate for this non-uniform follow-up
response mechanism.

Suppose again that there are 1,188 mail-out non-respondents, the values of C, ¢, ¢? and ¢ are the
same as those used in the simulation study and Table 4.1, and the follow-up sample is selected using
simple random sampling without replacement. Suppose now the 1,188 mail-out non-respondents can be
divided into two response homogeneous groups, each of size 594. The probabilities are Pz(ﬁi) = 0.45,
P2 =009 and P =0.46 for the 594 units in the first group and P~ = 0.05, P, = 0.01 and
P = 0.94 for the remaining 594 units. The response mechanism is not uniform; it is uniform within each
of the two response homogeneous groups. The average probabilities over the 1,188 mail-out non-
respondents are the same as those given in the uniform response scenario. Table 4.3 shows the sample size
(3.3), the expected number of respondents (3.4), the expected response rate (3.5), and the expected number
of resolved units (3.6) for different values of K.

Table 4.3
Sample size, expected response rate, and expected number of respondents and resolved units for different
values of K under uniform response within groups

K Sample size (3.3) Expected response rate Expected number of Expected number of
(3.5) respondents (3.4) resolved units (3.6)

0 235 83.3% 196 235

20 305 71.2% 217 261

10 409 60.9% 249 299

6 519 54.2% 281 338

5 566 51.9% 294 352

4 629 48.9% 308 370

3 727 44.7% 325 390

2 914 37.7% 344 413

1* 1,188 25.0% 297 356

*The direct application of (3.3) leads to n,(C,1)= 1,463, which is larger than the number of mail-out non-respondents
(1,188). Similar to Table 4.1, we can compute the expected follow-up cost (3.1) as C(n, = 1,188, K =1) = 2,435.4, which
is smaller than the total budget of 3,000. Using a revised budget of 2,435.4, the expected number of respondents and
resolved units are 297 and 356, respectively.

The minimum sample size to expend the budget, on average, is n,(C,)=235, which is much
smaller than the corresponding value of 439 for uniform response. In this scenario, using a finite value of
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K does not seem advantageous. By decreasing the value of K from infinity to 20, the expected number
of respondents only increases by 21 whereas the expected response rate decreases by more than 10%. The
small variance reduction could possibly be offset by a larger increase of non-response bias. The magnitude
of non-response bias depends on the strength of the association between the y variable and the response
homogeneous groups. A small value of K (a large sample size) might be appropriate if this association is
weak so as to benefit from a larger expected number of respondents. However, this is a risky choice as the
expected response rate would drop significantly, thereby offering a reduced protection against departure
from the assumed response mechanism. Therefore, a sample size of 439 in this scenario might not be
appropriate due to the increased risk of non-response bias. Then non-response bias can be dampened at the
estimation stage, at least asymptotically, by computing the non-response weight adjustment (2.5)
separately for each response homogeneous group. This weighting strategy is standard and should be used
when response homogeneous groups can be identified; yet it does not offer full protection against
departure from the assumed response mechanism. It is for this reason that a large value of K, even
infinite, may be preferable in this scenario.

As pointed out in Section 3, plots of the expected response rate and the expected number of
respondents as a function of K may be useful to determine a suitable trade-off between the maximization
of the expected response rate (K =o) and the maximization of the expected number of respondents, as
illustrated in the above examples. An infinite value of K should be the default as it minimizes non-
response bias. However, a large finite value of K might be appropriate if it sharply increases the expected
number of respondents with minimal impact on the expected response rate.

5. Conclusions

In Section 3, we derived an explicit expression for n,(C, o), the minimum sample size to expend the
budget C, on average, while resolving all follow-up sample units. We showed that this minimum sample
size maximizes the expected response rate; thereby minimizing the bias of the non-response-adjusted
Hansen and Hurwitz (1946) estimator. Our empirical investigations showed that this minimum sample
size also appears to minimize the mean square error of this estimator. This can be explained by noting that
the expected number of respondents remain roughly constant as the sample size increases, yielding an
approximately constant variance. For the uniform follow-up response mechanism, it was possible to show
theoretically that the expected number of respondents does not vary as the sample size increases (or does
not vary with K), confirming the empirical results.

At first glance, the idea of maximizing the expected response rate to minimize non-response bias may
appear to contradict existing non-response literature. It is well known that a data collection procedure that
intends to maximize the response rate for a given sample will most likely increase the non-response bias
when easy-to-reach respondents differ from the other sample units. That is, increasing the response rate
does not necessarily reduce non-response bias for a given sample and may actually do the opposite. Our
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results do not contradict this statement as we studied a different feature of the data collection design: the
effect of the follow-up sample size on the expected response rate and non-response bias. It appears that
this question has not been investigated in the literature. Our main conclusion is that a smaller follow-up
sample size contributes to increasing the expected response rate and decreasing non-response bias.

Our conclusions may have important implications in practice. In business surveys conducted by
Statistics Canada, all the mail-out non-respondents are currently followed up, and an adaptive collection
procedure is used to prioritize cases (see Bosa et al., 2018). We believe that the non-response bias could
be further reduced by following up only a sample of mail-out non-respondents in situations where the
follow-up budget is insufficient to properly handle the volume of mail-out non-respondents. The adaptive
collection procedure currently in place could continue to be used to manage data collection of the follow-
up sample.

Another conclusion of our empirical investigations is that the PPS designs appeared to perform slightly
better than the SRS and stratified SRS designs. However, no attempt was made to optimize the
stratification or allocation of the stratified SRS design. The performance of the stratified design would
likely be improved through a more efficient use of the auxiliary variable “Revenue” for stratification.

Finally, we observed that, unlike the follow-up response mechanism, the mail-out response mechanism
had no impact on the bias of the non-response-adjusted Hansen and Hurwitz (1946) estimator. As a result,
the mail-out non-response bias could be eliminated, even if the mail-out response probability was
correlated to the variable of interest, provided that the follow-up response probability was uniform. This
result is not surprising since the estimator of Hansen and Hurwitz (1946) is unbiased for any mail-out
response mechanism.
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