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Abstract. The U.S. Census Bureau is researching and testing new methods to reduce the cost of the 2020 Census while maintain-
ing data quality. One of the most costly components of the 2010 Census was Nonresponse Followup. In this operation, enumer-
ators conducted in-person interviews at housing units that did not return a census questionnaire by mail. For the 2010 Census,
enumerators were instructed to visit each of these units up to three times until the case was resolved. Additionally, enumerators
were to make up to three contact attempts by telephone. In this paper, we present an overview of current research on determining
the number of contact attempts that should be made to nonresponding units with an emphasis on cost containment and improved
overall productivity. Rather than the fixed contact strategy employed in the 2010 Census, we consider adaptive approaches that
maintain the quality of the data. We present initial results of possible approaches using data from the 2010 Census and discuss
the implications of the methods. We also discuss modeling contact probabilities for each hour of the day to support the case

management system.
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1. Introduction

One of the most costly operations of the 2010 Cen-
sus was the Nonresponse Followup (NRFU) opera-
tion. This operation primarily involved census enumer-
ators interviewing and verifying the status of housing
units that did not respond to the 2010 Census by mail.
The enumerators were instructed to visit each unit up
to three times until the case was resolved and make
up to three contact attempts by telephone. The inter-
views were completed on paper questionnaires. The
2010 NRFU workload included 47 million addresses
and cost nearly $1.6 billion [1].

In an effort to reduce costs and improve efficiency
while maintaining data quality, the Census Bureau is
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researching and testing new ways of conducting the
NRFU operation. One area of research is adaptive de-
sign. In this paper, we discuss current research on
adaptive design for two components of the NRFU op-
eration. The first component is the maximum number
of contact attempts to make to nonresponding units.
Unlike the 2010 Census approach in which all units
were treated with the same contact strategy, we investi-
gate an approach that allows the maximum number of
contact attempts to vary across areas. The goal of this
approach is to contain costs while equalizing a mea-
sure of data quality across the areas. The second com-
ponent deals with what time of day to make contact
attempts to nonresponding units. Using paradata from
the American Community Survey (ACS), we examine
logistic regression models to predict the probability of
contacting units at each hour of the day. These predic-
tions fed into a new case management system that was
used in the 2015 Census Test as part of the Reorganize
Census with Integrated Technology (ROCKIT) initia-
tive.

For both of these components of NRFU, we will
explain how we applied the methods during the 2015
Census Test in Maricopa County, Arizona. As will be
seen, the application in the 2015 Census Test was done
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in a static manner, rather than adaptive. That is, deci-
sions were made before NRFU fieldwork began, and
the contact strategies did not change based on results
observed during the operation. Because many new pro-
cedures were being implemented in this test for the first
time, we needed to balance the numerous objectives of
the test. In the years ahead, we will continue to inves-
tigate enhancements to these approaches and ways to
make dynamic decisions by monitoring the NRFU op-
eration.

2. Adaptive Design in the 2013 and 2014 Census
Tests

Adaptive, or responsive, survey designs leverage
paradata to analyze cost-quality tradeoffs in real time
and make changes to the data collection protocol [2].
The use of computer-assisted data collection instru-
ments allows for this real-time decision making. For
the 2010 Census, self-response forms were mailback
questionnaires, and the NRFU operation also used a
paper-and-pencil form. This lack of computerization
for collecting the census data prevented the use adap-
tive designs. Following the 2010 Census, an internet
self-response option and computerized NRFU instru-
ment began to be implemented in various tests lead-
ing up to the 2020 Census. These new data collection
methods allowed for adaptive survey procedures to be
investigated.

The 2013 Census Test included two adaptive de-
sign panels to examine whether data could be collected
more efficiently by using administrative records to re-
duce NRFU fieldwork and an adaptive approach to
case management. In the first adaptive design panel,
administrative records were used to identify vacant
units and enumerate occupied units before fieldwork.
The remaining cases were then sent to the field and
allowed three personal visits before seeking a proxy.
In the second adaptive design panel, administrative
records were not used prior to fieldwork. Cases with
administrative records available were allowed one per-
sonal visit before seeking a proxy, while cases without
administrative records were allowed three personal vis-
its. In both adaptive design panels, a daily propensity
model produced probabilities of contacting units in the
field. Each day, the seven cases per interviewer with
the highest predicted probability were assigned as high
priority cases. Enumerators were trained to attempt all
seven of the high priority cases each day they worked.
For more information on the 2013 Census Test, see [3].

The 2014 Census Test included an adaptive design
panel that, among other features, assigned a maximum
number of contact attempts allowed for each housing
unit. Administrative records were used to remove un-
occupied units from the workload prior to fieldwork.
Cases for which we thought we could reasonably enu-
merate the unit using administrative records were al-
lowed one personal visit attempt without a chance for
a proxy interview. For the remaining cases without ad-
ministrative records, half of the units were allowed one
contact attempt if the unit was in an area with higher
response rates in the 2010 Census. The other half in
areas with lower response rates in 2010 were allowed
three contact attempts. Instead of using a propensity
model to assign high priority cases, a set of seven pri-
ority cases per enumerator were assigned each day us-
ing business rules. The business rules attempted to as-
sign priority cases that were geographically close and
had fewer contact attempts already made.

Moving onwards from the 2014 Census Test, the
Census Bureau began work on the ROCKIT initiative.
The ROCKIT initiative has the goal of developing a
new concept of operations for the decennial census that
increases 2020 NRFU productivity by a minimum of
20% [4] by decreasing miles traveled per case and to-
tal hours spent, among other things. This initiative was
implemented in both of the adaptive design panels for
the 2015 Census Test. The ROCKIT initiative includes
major changes for the field operation such as an en-
hanced operational control system and an updated field
structure with new staff roles and staffing ratios. Some
of the components of the ROCKIT initiative replace
adaptive design concepts used in previous census tests.
For example, instead of assigning priority cases to enu-
merators each day, attempts are assigned to enumera-
tors based on enumerator availability, workload loca-
tion, and best contact times. The enumerators receive
an optimal routing of attempts to minimize travel. Un-
like previous censuses and tests, enumerators will not
have ownership of a set of cases that they alone will
work until completion.

3. Determining contact attempts for Nonresponse
Followup

3.1. Motivation
In the 2014 Census Test adaptive design panel, the

decision on the maximum number of contact attempts
allowed was subjective. The set of block groups were
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split in half using the 2010 Census self-response rates.
This approach sought to allow more contact attempts to
units in areas that would have lower self-response rates
in the 2014 Census Test. This is a desirable approach
because areas with a higher rate of NRFU units would
be given more attempts to resolve the cases. However,
the decision on how to split the block groups did not
explicitly take into account any measure of data qual-
ity.

Initial research for the 2015 Census Test was fo-
cused on real-time stopping rules for NRFU. These
rules were based on using the observed information
at any point in time to impute for the fieldwork cases
that were still unresolved. Approaches such as those
of [5,6] were considered. Given the numerous new
methods being tested in the 2015 Census Test, it was
decided to not use stopping rules for NRFU. Instead,
we decided to build off of the 2014 Census Test contact
strategy and research an approach to this problem that
would allow us to assign the maximum number of con-
tact attempts across a continuum rather than the dis-
crete groups of one and three visits. Furthermore, we
wanted to use an objective measure of data quality to
guide the assignment of contact attempts.

For our current research, the data quality measure
we have been working with is the proxy rate. A proxy
is someone other than a household member who can
help to complete the NRFU interview for a housing
unit, such as a neighbor or apartment manager. While
proxy respondents can often provide enough informa-
tion to close a case, the obtained data is often less com-
plete than the data collected from household respon-
dents. For example, the 2010 Census Coverage Mea-
surement results show that 23.1% of census person
records enumerated by proxy respondents needed to
have all of their demographic characteristics imputed,
as compared to only 1.6% of person records when the
respondent was a household member [7].

Clearly, proxy respondents provide less complete
data than household members. Often, the proxy may
know the household size but not the detailed demo-
graphic information. Therefore, it would be beneficial
to limit the use of proxy respondents as much as possi-
ble. The NRFU contact strategy has been for enumera-
tors to seek out a proxy respondent only after the final
contact attempt to the unit. Given this contact strategy,
the number of attempts allowed directly influences the
proxy rates. When more attempts are allowed, there are
more opportunities to contact a household member in-
stead of relying on a proxy respondent.

We define the proxy rate as the number of units com-
pleted by a proxy respondent out of the total number

of units in the area (including self-responding units).
Given budget and time constraints, we cannot conduct
enough visits to avoid using proxy respondents alto-
gether. In this paper, we assume that we can allocate
an average of a three-visit maximum per NRFU case.
One approach would be to allocate visits in a way that
would minimize the overall proxy rate. However, this
approach could result in disparate proxy rates across
smaller areas because it only focuses on the total proxy
rate rather than the distribution across areas. Instead of
minimizing the overall proxy rate, we seek to allocate
NRFU visits to minimize the variance of proxy rates
across block groups. All other things equal, such an
allocation would give more visits to areas with lower
self-response rates. The following section describes
our methodology. We use Arizona as an example and
discuss the implementation for the 2015 Census Test.

3.2. Methodology

We use the 2010 Census results to define the self-
response and NRFU universes in Arizona. The Census
Bureau has also been researching and testing the use of
administrative records to identify vacant units and enu-
merate occupied units in place of NRFU fieldwork. We
incorporate this feature using a rule-based approach
to identify units to remove from the NRFU workload
via administrative records. In short, vacant units are
identified using undeliverable-as-addressed (UAA) in-
formation collected by United States Postal Service in
2010. Occupied units are identified using IRS 1040
tax returns received by the end of April 2010 (see the
IRS/UAA approach in [8]).

For ease of presentation, we present the methodol-
ogy for the hybrid administrative records removal ap-
proach. In this approach, units determined to be va-
cant via administrative records are removed from the
NRFU workload before fieldwork begins. Administra-
tive records occupied units are allowed one contact at-
tempt to try to resolve the case with a household re-
spondent; if the contact attempt fails, the unit is enu-
merated using the administrative records. This is one
approach the Census Bureau tested in the 2015 Census
Test. The other approach, called the full removal ap-
proach, removed both vacant and occupied units from
the workload prior to the start of fieldwork. In the fol-
lowing discussion, we briefly note the areas in which
the methodology would differ under the full removal
approach to administrative records modeling.

In each block group, we assume the following prob-
abilities for completing NRFU cases:
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— Probability of completing a case with a household
member on each attempt: 0.4;

— Conditional probability of completing a case with
a proxy respondent given that all attempts to com-
plete the case with a household member have
failed: 0.9.

These are simplifying assumptions for our initial re-
search that were derived from 2010 NRFU contact his-
tory data. Future extensions of this research can exam-
ine ways in which these probabilities vary across block
groups.

With these probabilities, we can calculate the pro-
jected proxy rate for each block group using the 2010
Census data. Because our concern with proxy respon-
dents is the incompleteness of the data they often pro-
vide, we also take into account the quality of the ad-
ministrative records used to enumerate occupied units.
For the purpose of this research, we consider a unit to
have incomplete administrative records if none of the
persons in the unit have race or Hispanic origin data
available from previous census responses. These units
will still be removed from the NRFU workload, but
will also count towards the proxy rate. The proxy rate
for a block group is given by:

Proxy Rate =

(1- phh)NumVisits x Py, x Remaining Fieldwork
Total Units +
(1 — Ppp) X Incomplete Adrec
Total Units

— NumVisits is the number of visits allocated to the
block group. This input will be determined by the
optimization.

— RemainingFieldwork is the number of NRFU
cases that are not removed from the workload via
administrative records. These cases need to be
visited by an enumerator.

— IncompleteAdrec is the number of units identified
as occupied by administrative records, but were
incomplete as per the definition above.

— Py, and P, are the assumed probabilities of com-
pleting the case with a household member and
proxy respondent, respectively. We assume prob-
abilities of 0.4 and 0.9, respectively. We assume
independence of the responses.

Under our assumptions, we would expect 40% of
the administrative records occupied cases to be com-
pleted with a household member. Therefore, only 60%
of the incomplete administrative records cases would

contribute to the proxy rate. For the full removal ap-
proach, all of the incomplete administrative records oc-
cupied cases contribute to the proxy rate because these
cases are not attempted in the field.

One factor that our projected proxy rate does not ac-
count for is vacant units. By definition, a vacant unit
does not have any household members and thus can
only be completed by a proxy respondent. For our
current research, these are not the types of proxy re-
sponses we are concerned about. In a way, our pro-
jected proxy rate represents the extreme case in which
all of the NRFU fieldwork units are occupied units and
subject to potential enumeration by a proxy respon-
dent. Future research will consider how best to incor-
porate estimates of the number of vacant units in the
NRFU fieldwork to remove these units from our pro-
jected proxy rate.

Our goal is to assign a maximum number of visits
to each block group that will minimize the variance of
the above proxy rate across the block groups. The con-
straint for this optimization is the total number of vis-
its we can assign. For this research, and implementa-
tion in the 2015 Census Test, we used an average of
three visits per NRFU fieldwork case. Table 1 shows
the counts of the units in the 2010 NRFU universe for
the state of Arizona. There are 862,214 + 173,942 =
1,036,156 cases in the NRFU workload because the
administrative records occupied cases also receive one
initial visit. This gives 3 x 1,036,156 = 3,108,468 vis-
its to allocate under our constraint of three visits per
workload case. This results in an average of 3.40 vis-
its per remaining fieldwork case because units with
occupied administrative records receive only one visit
by design. Note that about 15% of the administrative
records occupied cases are considered incomplete.

To conduct the optimization, we used the OPT-
MODEL procedure in SAS [9]. In addition to the to-
tal visits constraint, we also included the constraint
that each block group must receive at least one visit.
The optimal solution is calculated subject to the con-
straint that the maximum number of visits assigned
meets the target average and does not involve the actual
number of visits that will be attempted. In a multiple
visit block group, some cases will be completed on the
first visit, leaving the additional assigned visits unused.
Such cases will still be counted in the total number of
assigned visits against the constraint.

3.3. Results

Table 2 shows the results of the optimal allocation of
NRFU visits for the 4,072 block groups in Arizona that
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Arizona 2010 NRFU universe by administrative records status

NRFU cases

1,201,229

Administrative Records Vacant
Administrative Records Occupied
Remaining Fieldwork (no Administrative Records)

165,073
173,942
862,214

Table 2
Optimal allocation of NRFU visits for Arizona block groups
Maximum visits Count Percent
1 377 9.3
2 1,225 30.1
3 1,320 324
4 978 24.0
5 168 4.1
6 4 0.1

were included in the 2010 NRFU operation. The opti-
mization procedure returns a non-integer solution, so
we used standard rounding rules to assign the number
of visits. As desired, this approach assigns a number of
visits along a continuum, rather than the two groups of
1 and 3 visits that were used in the 2014 Census Test.
Most block groups are allocated 2 to 4 visits. Some ar-
eas with high 2010 self response rates and administra-
tive records use are allocated only one visit. Only a few
extreme block groups are allocated 5 or more visits.

3.4. Implementation in the 2015 Census Test

To determine the self-response and NRFU universes
for the optimization, we use the 2010 Census data. To
use this approach in practice, ideally we would use
the self-response data from the test itself and run the
optimization right before the NRFU operation begins
conducting fieldwork. This would use the most up-to-
date information on self-response and administrative
records removal to inform the allocation, rather than
using assumptions and projections based on 2010 Cen-
sus data.

For the 2015 Census Test, there were additional con-
straints that made it necessary to make these decisions
well in advance of the start of NRFU. The 2015 Cen-
sus Test had many components, each with its own pri-
orities and requirements. Field supervisors needed to
know in advance how many enumerators to train and
hire in each area. The new ROCKIT method of optimiz-
ing daily workloads to enumerators takes into account
where enumerators live and the location of these field-
work cases. Any significant changes to the initial allo-
cation of NRFU visits would have created a mismatch
between the locations of large workloads and the loca-
tions of the hired enumerators. The further the enumer-

Table 3
Initial allocation of NRFU visits for 2015 census test block groups

2015 testarea  Maximum visits ~ Count  Percent (of area)

Central 1 0 0.0
2 0 0.0
3 45 54.2
4 33 39.8
5 5 6.0
Chandler 1 13 19.1
2 40 58.8
3 13 19.1
4 2 2.9
5 0 0.0
Mesa 1 9 12.2
2 29 39.2
3 22 29.7
4 12 16.2
5 2 2.7
Outer ring 1 0 0.0
2 4 15.4
3 6 23.1
4 10 38.5
5 6 23.1

ators had to travel between home and their workloads,
the less efficient the operation would have been.

One of the goals of the 2015 Census Test was to pro-
vide accurate cost estimates that can be used to plan
for the 2020 Census. For this reason, we allocated con-
tact attempts in the context of a broader census envi-
ronment, rather than the environment specific to this
test. We used the state-level results from Table 2 to ob-
serve the results for the 2015 Census Test areas rather
than optimizing over only those block groups in the
2015 Census Test. Table 3 shows the distribution of
visits across the four geographic areas in the 2015 Cen-
sus Test. These areas were selected based on character-
istics such as the 2010 Census self-response rate and
concentration of minority populations. Note that Ta-
ble 3 shows the results for all block groups in the test
for illustration, but only a portion of these block groups
were in the test panel that received the hybrid adminis-
trative records removal treatment.

Table 3 shows considerable variation in the distri-
bution of visits between the areas. The Central area is
a high Hispanic and high mobility area that had low
self-response rates in the 2010 Census. These block
groups were allocated more visits. On the other hand,
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Table 4
Average number of visits from initial allocation for 2015 census test
areas

Area Average number of visits
Central 3.39
Chandler 1.91
Mesa 2.65
Outer Ring 3.88

the Chandler area had high self-response rates in 2010
and received fewer visits as a result.

For the 2015 Census Test, we used the results from
Table 3 as an initial allocation to inform the field
staff for hiring enumerators. To attempt a more adap-
tive procedure without compromising the other com-
ponents of the test, we reallocated visits within each
of the four geographic areas of the test site. The initial
allocation determined an average number of assigned
visits for each area. Although an average of 3 visits at
the state level was used for the initial allocation, the av-
erage number of visits within a small geographic area
may differ.

Table 4 shows the average number of visits from the
initial allocation for the 4 areas of the test. To reallo-
cate visits for the 2015 Census Test, we ran the opti-
mization procedure within each area subject to the con-
straint of meeting the averages in the table. This proce-
dure will (approximately) hold constant the total num-
ber of visits in each area as determined by the initial al-
location. The benefit of this reallocation is that it can at
least partially account for differences in the projected
and observed self-response and administrative records
removal rates. This was a shortcoming of the approach
used in the 2014 Census Test. For that test, some of
the block groups that were allocated only one NRFU
visit based on having high self-response rates in 2010
actually had lower self-response rates in the 2014 test
than block groups that were allocated three visits. Our
reallocation approach attempted to partially correct for
this situation by making changes within the geographic
areas.

3.5. Future research and extensions

The initial research shown here offers improvements
on the methods from previous census tests. There
are many ways to improve upon this method as we
move towards the 2020 Census. First, our initial re-
search used simplifying assumptions about the proba-
bilities of completing cases with household members
and proxy respondents. These probabilities were as-
sumed to be constant across all areas. We will examine

ways of better estimating these probabilities and allow-
ing them to vary across areas. For example, rural areas
may have lower probabilities of completing cases with
proxy respondents because there are fewer potential
proxies in the immediate area. Second, we will exam-
ine other objective quality metrics than the proxy rate.
One example is to account for the completeness of data
provided by proxy respondents. Our current approach
treats all proxy responses as equal when in fact some
areas may have higher quality proxy respondents. For
example, compare a stable, close-knit community as
opposed to an area with high turnover. With the latter,
the community members may not be able to provide
much knowledge about their neighbors.

An important avenue of future research will be how
to make this process more adaptive by determining
the number of visits for units in real time. Our cur-
rent approach fixes the maximum number of visits for
each block group before NRFU begins. In a truly adap-
tive setting, paradata and results of the current opera-
tion would be used to make dynamic decisions as to
whether to make additional contact attempts at a given
unit. Included under this topic of research are stopping
rules and dynamic resource allocations. Such meth-
ods were not possible in the 2010 Census because the
NRFU operation was conducted using paper question-
naires. With the use of mobile devices that transmit re-
sponse data and a wealth of paradata on a daily basis,
there are now many possibilities for adaptive designs
in the decennial census. Concepts such as the fraction
of missing information [10] may be especially useful
near the end of the data collection period. These met-
rics could identify specific areas where the limited re-
maining resources should be focused.

4. Contact time modeling
4.1. Motivation

As previously mentioned, the operational control
system for the ROCKIT initiative assigns a set of cases
for enumerators to attempt each day. Enumerators are
given an ordered case route which minimizes travel.
There are many inputs into this optimization, includ-
ing enumerator availability, the location of cases to be
worked, and the probability of successfully contacting
cases and various hours of the day. In this section, we
discuss the research for developing contact time pre-
dictions.

In the framework of Groves and Couper [11], the
first step in the process of survey participation is con-
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tacting the sample household, which is a function of
when the contact attempt is made and when the house-
hold members are at home. The importance of under-
standing at-home patterns of households has been ac-
knowledged by the Census Bureau for decades. U.S.
Census Bureau [12] presents hourly contact probabili-
ties for various subgroups using interviewer data from
the Current Population Survey. These results show
distinct patterns by age of the contacted person and
also by characteristics of the general area, such as the
poverty rate. The authors note that the results of the
study could be applied to improve interviewer planning
and reduce costs of data collection. The goal of the
present research was to provide the ROCKIT team with
predicted probabilities of contacting units in the 2015
Census Test at each hour of the day between 10am and
9pm. These predictions would guide the workload as-
signments of the enumerators in order to increase the
chance of successful contact and thus lower the cost of
the fieldwork operation.

4.2. Methodology

We used contact history paradata from the ACS to
develop logistic regression models for these predic-
tions. The dependent variable for our analysis was de-
rived from the outcome codes of cases in the ACS per-
sonal interview followup sample. We used ACS data
from 2012 and 2013 and restricted our analysis to
the months during which the decennial census NRFU
is conducted (May, June, and July). Furthermore, we
used only ACS cases that had a final outcome of oc-
cupied. Since interviews for vacant units could not be
completed with a household respondent, we did not
want these outcomes to influence the predictions.

Each record in our data represented a contact at-
tempt from the ACS followup sample. Using the out-
come codes of these contact attempts, we assigned
each record as either a successful completion or a non-
contact. For each contact attempt, we also had informa-
tion on the day and time of the attempt. This allowed us
to form predictions for different hours of the day. For
this initial research, we combined Monday through Fri-
day to predict a weekday probability for each hour, and
likewise we combined Saturday and Sunday to predict
a weekend probability for each hour.

While the dependent variable information came
from the ACS paradata, we needed to use independent
variables available for the model data and the units in
the 2015 Census Test so that we could apply the predic-
tions to the test units. We compiled multiple adminis-

trative records sources to create variables that describe
the household composition. For example, we used vari-
ables indicating the age groups of the administrative
records persons associated with the housing unit. The
idea is that units with young children or senior citizens
may have someone at home more often and be more
likely to be contacted successfully during the day. On
the other hand, units with only a single adult or work-
ing age adults may have lower probabilities of con-
tact until the evening. In addition to age, we included
variables indicating the race and Hispanic origin of the
members of the household. We also included indicator
variables for the administrative records sources from
which the person records came.

This approach of using administrative records to de-
scribe the household composition is only useful for
units that have administrative records persons asso-
ciated with the unit. Even though our modeling data
only used ACS occupied cases, many of these housing
units did not match to any of the administrative records
sources we used. For these cases, there was very lit-
tle household-level information available for the unit.
We addressed this issue by running separate models for
units with administrative records and for units with-
out. The latter included some household-level informa-
tion, such as housing unit type and whether the unit
was owner-occupied, renter-occupied, or vacant in the
2010 Census. The other variables used in these models
were ACS 5-year estimates available at the block group
level. The ACS estimates included the percent of peo-
ple in the block group in various age and race and His-
panic origin categories. Additional area-level estimates
for characteristics that are not available via administra-
tive records, such as education and poverty, were in-
cluded in both sets of models. Durrant et al. [13] show
that area-level characteristics, such as unemployment
rates and percentage of the population in age groups,
are predictive of contact when household-level charac-
teristics are not available.

To apply the predicted probabilities to the 2015 Cen-
sus Test units, we created the same independent vari-
ables for each of the test units using the most recent
vintage of the administrative records and ACS 5-year
estimates. The result was a data set with each unit in
the test and its predicted weekday and weekend con-
tact probability for each hour of the day. These proba-
bilities were passed to the ROCKIT team for use in the
case assignment optimization.

4.3. Results

Initially, we approached the research by using the
set of cases attempted in each hour to predict proba-
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bilities of completing the case at that hour. Figure 1
shows the distribution of predicted probabilities for the
2015 Census Test units from this approach for week-
days using box plots. There is very little difference in
the distributions across the hours. Each hour has an
average predicted probability near 0.4. The distribu-
tions for weekend hours showed similar results. The
ROCKIT team raised concerns that these results were
not very useful for the case assignment optimizer due
to the lack of differentiation across the hours.

These initial results were unintuitive. We would ex-
pect to have greater chances of successfully contact-
ing most households during the evening rather than the
early morning. The issue arises because the ACS con-
tact attempts were not randomly assigned to different
hours of the day. ACS enumerators are instructed to
visit units when they are most likely to obtain an inter-
view. As a result, the vast majority of the ACS contact
attempts in our data set were during late afternoon and
evening hours. For example, of the contact attempts
made on weekdays, only 5.6% were attempted before
11:00am while 12.7% were attempted between 6:00pm
and 7:00pm. It is our assumption that enumerators are
successful in using their knowledge of the local areas
to decide when to make contact attempts at units. That
is, enumerators have some idea as to which units are
likely have someone at home during the day and use
this information to guide their attempts. This would
help explain the flat distribution of successes over the
hours of the day despite the great differences in the dis-
tribution of attempts.

To account for the nonrandom nature of our data, we
proceeded with a two-step process. First, we used our
entire data set of contact attempts to predict whether
each individual unit was attempted at each hour of the
day. Call this P} (attempt) where h denotes the hour.
To do this, we ran a logistic regression model for each
hour of the day, where the dependent variable noted
whether the contact attempt was made during that hour,
regardless of whether the attempt resulted in a com-
pleted interview. As with the models described previ-
ously, we ran separate models based on whether the
unit had administrative records data available.

Second, we ran the logistic models to predict suc-
cessful contacts as described previously. Because the
ACS contact attempts are not randomly attempted,
these models are really predicting the conditional prob-
ability of contacting a unit given that the case was at-
tempted at the given hour of the day. Call this P}, (con-
tact | attempt). Table 5 summarizes the dependent vari-
ables for the models. To obtain a final probability, we

multiplied the probabilities from the first and second
step:

Py, (contact) = Py (attempt) Py, (contactlattempt)

The resulting probabilities were very small due to the
generally low probabilities of attempting at each hour.
To obtain useful results, we transformed the probabili-
ties back to the scale of Fig. 1 using the mean and stan-
dard deviation of those original results. Figure 2 shows
the results for weekday hours. Here, we see a more in-
tuitive distribution of probabilities. At early hours, the
probabilities are more variable. Some units may have
very high probabilities (e.g., those with retired per-
sons) while others are much lower. As the day goes on,
the probabilities rise on average. There is less variabil-
ity later in the evening when many different types of
people are likely to be home. These results show a sim-
ilar pattern to the analyses of U.S. Census Bureau [12]
and Weeks et al. [14].

4.4. Future research and extensions

Future research will be dedicated towards improv-
ing the models and refining the approach for deal-
ing with the nonrandom nature of the ACS contact at-
tempts. To simplify the process, we used the same set
of covariates in each model, but this does not have to
be the case. Some variables were strong predictors of
both attempt and contact across many hours of the day,
such as whether the unit contained any person from
the Medicare Enrollment Database. Other variables ap-
pear significant at only some hours of the day, so it
will be important to understand whether these are ac-
tual effects or the natural result of making compar-
isons across multiple models and multiple times of the
day. We will also consider how to improve the mod-
els without administrative records data. While many of
the area-level covariates are strong predictors, the is-
sue is that when scoring the model results to the 2015
test units, all units in the same area had very simi-
lar predicted probabilities. Further complicating the is-
sue is the fact that many of the units with administra-
tive records available were removed from the workload
as part of the test; the units that remained to be vis-
ited were less likely to have any administrative records
available.

For the 2015 Census Test, the predicted probabili-
ties remained static throughout the data collection pe-
riod. A future extension to consider is how to update
the probabilities based on the outcomes of contact at-
tempts made during the test. Durrant et al. [13] show
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Table 5
Dependent variables for logistic models

Model

Universe

Dependent variable

Py, (attempt)

Py, (contact | attempt)

All ACS contact history cases

Cases attempted at given hour

1 — Case attempted at given hour

0 — Case not attempted at given hour

1 — Successful contact
0 — Unsuccessful contact

Predicted Probability

Predicted Probability

Weekday
0.8 g
o 0 o e g °
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Fig. 1. Predicted contact probabilities for weekday hours: Initial approach.
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Fig. 2. Predicted contact probabilities for weekday hours: Two-step approach.
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that paradata such as interview observations from early
contact attempts are useful in predicting best times of
contact. One of the issues with this in the current set up,
as learned during the 2013 Census Test, is that the data
collection period for the census is short. As discussed
in Section 3, many units in the 2015 test received only
one or two contact attempts. Therefore, there may not
be enough time for the additional data obtained during
the data collection to be used effectively for cases that
are still open. We will need to investigate this further
to understand the feasibility of such an approach.

5. Conclusions

This paper presents initial research on adaptive de-
sign for the 2020 Census. We showed how an opti-
mization approach can be used to assign the maximum
number of contact attempts to make during NRFU in
different areas. This approach allows the number of
contact attempts to vary across areas in order to equal-
ize an aspect of data quality subject to workload con-
straints. This paper also discussed how ACS paradata
were used to predict contact probabilities for housing
units at each hour of the day. These predictions are an
input for the ROCKIT case management system and
were used to assign contact attempts to enumerators
during the 2015 Census Test.

The research summarized here represents some first
steps into adaptive design methodologies that could be
used in future censuses. Future research is needed to
understand how best to integrate these ideas and meth-
ods into the data collection operation so that adaptive
decisions can be made in real time. Also, we must in-
vestigate how to best implement these methods on the
larger scale of a census.

References

[1] S. Walker, W. Winder, G. Jackson and S. Heimel, 2010
Census nonresponse followup operations (NRO) assessment.
2010 Census Planning Memoranda Series, no. 190 [Internet].

[2]

[3]

[4]

[5]

[6]
[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

2012 Apr. Available from: https://www.census.gov/ 2010cen-
sus/pdf/2010_Census_NRFU_Operations_Assessment.pdf.
R.M. Groves and S.G. Heeringa, Responsive design for
household surveys: Tools for actively controlling survey non-
response and costs, J R Stat Soc Ser A 169(3) (2006), 439—
457.

U.S. Census Bureau. 2020 Research and testing: 2013 Census
test assessment. 2020 Evaluation, Analysis, and Assessment
[Internet]. 2014 May. Available from: https://www.census.gov
/content/dam/Census/programs-surveys/decennial/2020-
census/2013_Census_Test_Assessment_Final.pdf.

U.S. Census Bureau. 2020 Field reengineering concept of op-
erations (Con Ops). Presentation to the 2020 Census Program
Management Review [Internet]. 2014 June. Available from:
http://www2.census.gov/census_2020/pmr_materials/2014-
06-06/05_PMR _Field_Reengineering_Conops_6-6-14_v1-
0.pdf.

R.S. Rao, M.E. Glickman and R.J. Glynn, Stopping rules for
surveys with multiple waves of nonrespondent follow-up, Stat
Med 27 (2008), 2196-2213.

J. Wagner and T. Raghunathan, A new stopping rule for sur-
veys, Stat Med 29 (2010), 1014-1024.

T. Mule, 2010 Census coverage measurement estimation re-
port: Summary of estimates of coverage for persons in the
United States. DSSD Census Coverage Measurement Mem-
orandum Series #2010-G-01 [Internet]. 2012 May. Available
from: https://www.census.gov/coverage_measurement/pdfs/
¢01.pdf.

T. Mule, Administrative records modeling update. Presenta-
tion to the 2020 Census Program Management Review [Inter-
net]. 2013 June. Available from: http://ftp2.census.gov/census
_2020/pmr_materials/2013-06-21/5_PMR_Administrative_
Records_Modeling_v1-0_final.pdf.

T. Huang and E. Hughes, Nonlinear optimization in SAS/
OR® software: Migrating from PROC NLP to PROC OPT-
MODEL. Proceedings of the SAS Global Forum [Inter-
net]. 2010; Paper 242-2010. Available from: https://support.
sas.com/resources/papers/proceedings10/242-2010.pdf.

J. Wagner, The fraction of missing information as a tool for
monitoring the quality of survey data, Public Opin Q 74(2)
(2010), 223-243.

R. Groves and M. Couper, Nonresponse in household inter-
view surveys. New York: Wiley, 1998.

U.S. Census Bureau. Who’s home when. Working paper
No. 37. U.S. Government Printing Office, Washington, D.C.;
1972.

G.B. Durrant, J. D’Arrigo and F. Steele, Using paradata to
predict best times of contact, conditioning on household inter-
viewer influences, J R Stat Soc Ser A 174 (2011), 1029-1049.
M.F. Weeks, B.L. Jones, R.E. Folsom and C.H. Benrud, Opti-
mal times to contact sample households, Public Opin Q 44(1)
(1980), 101-114.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


