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In autumn 2020, the Robert Koch Institute (RKI) joined forces
with the Socio-Economic Panel (SOEP) to launch the study
“Living in Germany—Corona Monitoring” on the prevalence of current
and past SARS-CoV-2 infections in a sample of the adult population in
Germany. The survey began shortly thereafter, in October 2020. Par-
ticipation was voluntary and entailed completion of a questionnaire on
COVID-19 infections and symptoms, testing, and health behavior, as
well as self-administered tests for current COVID-19 infections (PCR
test) and antibodies (DBS test). The results allow for estimation of
seroprevalence in the population and identification of socio-economic
differences in infection rates and health behavior. Because the study
covers all adults in each participating household, it increases the poten-
tial for analysis. Selectivity is likely to occur on the household and indi-
vidual level and may bias results. Here, the use of information from an
ongoing panel allowed us to analyze and adjust for possible selectivities
due to noncontact, attrition, and refusal at both levels. At the house-
hold level, we find characteristics related to the spread of COVID-19
as well as health-related variables to be the main drivers of noncontact,
attrition, and refusal. At the individual level, we find age and household
composition to be the main drivers of attrition and refusal.



1 Introduction

In December 2019, the virus SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) was found to be causing the disease known as COVID-19. By Oc-
tober 1, 2020, a total of 291,722 individuals had tested positive in Germany (Robert
Koch-Institut 2020). The Robert Koch Institute (RKI) tracks and officially reports
the numbers of infected people in Germany (see www.rki.de/covid-19). Their numbers
are based on tests administered to people who exhibit certain symptoms typical of a
COVID-19 infection.! At the start of the pandemic, one or more such symptoms were
sufficient for individuals to receive a corona test. But as numbers rose, a larger set
of symptoms had to be diagnosed to justify testing. This was deemed necessary to
meet the increasing demand for testing with the limited capacities available. However,
concerns were raised that following the tightening of restrictions on testing, the reported
numbers would underestimate the number of people actually infected with COVID-19
(see, e.g., Rendtel et al. (2020)). This meant in particular that individuals who had
milder disease progressions, with fewer or weaker symptoms, would no longer be tested.
It was determined that in order to obtain a more accurate picture of infection rates,
seroepidemiological studies were needed. These studies test for antibodies in the blood
that indicate whether the subject was currently or had previously been infected with
COVID-19. At that time, most seroepidemiological surveys were conducted either
in “hot spots” with small numbers of subjects, or based on non-random samples (see,
e.g., Santos-Hévener et al. (2020)). Neither of these not allow for generalization of
findings to an entire population. To allow for an unbiased and efficient estimation of the
seroprevalence in the general population, a nationwide seroepidemiological survey based
on a random sample is necessary (Kritsotakis 2020).

In the RKI-SOEP Nationwide Corona Monitoring study (henceforth referred to as the
RKI-SOEP study), we used the SOEP panel study as the basis for our survey. This
provided several key advantages: First, it allowed us to invite more than 30,000 adults
in over 19,000 households to participate within a very short period of time, enabling us
to start the survey just two months after initial discussions. Second, the SOEP consists
of random samples covering all of Germany. Third, the panel data available from earlier
SOEP survey years provide a rich source of information that can be used to analyze non-
response processes (noncontact, attrition, and refusal) in the RKI-SOEP study. Besides
the panel data from earlier survey years, the SOEP also provides information at different
regional levels (such as address, street, municipality, and administrative districts). The
RKI provided information on the occurrence of infections at the level of administrative
districts. We used all of this information to model nonresponse processes — noncontact,
attrition, and refusal — on the household and individual level. The distinction between
the levels is necessary for two reasons. First, the SOEP is a household survey, and this
has to be accounted for in the modeling process. Second, nonresponse processes are likely
to be driven by different characteristics on the two levels. Third, even in participating
households, some adult household members may decline to participate. To correct for
possible over- or under-coverage, we used margins from the German Microcensus on the
household and individual level.

!These include, but are not limited to, cough, high temperature or fever, shortness of breath, loss of
sense of smell or taste, runny nose or sneezing, sore throat, headache, limb pain, and general feeling
of weakness.
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In this paper, we present a weighting strategy for a national seroepidemiological study
based on an existing panel survey. Section 2 describes the RKI-SOEP study, its aims,
sample composition, and survey process. Section 3 outlines the weighting strategy for the
study and elaborates on the distinct models of noncontact, attrition, and refusal. Section
4 presents the results, discusses limitations, and highlights potential avenues for future
research.

2 Sample Composition of the RKI-SOEP Study

For the RKI-SOEP study, we used the SOEP-Core samples (Goebel et al. 2019), including
the migrant samples M1 covering migration from 1995 to 2011 (Kroh et al. 2015) and
M2 covering migration from 2009 to 2013 (Kiithne and Kroh 2017) as well as the SOEP
Innovation Sample (Richter, Schupp, and others 2015).2 Using these samples as the
basis for the study gave us access to 31,675 adults (aged 18 and older) living in 19,574
households in Germany (Hoebel et al. 2021).3 Figure 1 shows that the SOEP covers all
of the 401 districts in Germany. The two maps in the figure show the quartiles for the
number of households (left map) and for the number of adults (right map) by districts
in Germany. The minimum number of households and adults per district is one. The
maximum number of households (adults) per district is 894 (1,281).

Figure 2 shows the composition of the SOEP sample by sex and age. Because of the
exclusion of individuals under the age of 18, the figure is truncated at the bottom of the
pyramid. The population pyramid for the SOEP is similar to that for the adult population
of Germany, except for persons in their early to late 20s. The SOEP has 52.6 percent
female respondents, and 47.4 percent male respondents. The average age of the adult
population in the SOEP is 50.4 years; for women it is 50.3 years and for men 50.8 years.

The households were divided into four successive tranches (see Table 1) in order not to
strain testing capacities. When forming the tranches, we considered the particularities of
each federal state as well as infection rates at the district level. When assigning households
to the first three tranches, we also took state-specific standards for corona testing into
account.? In order to provide a sufficient number of observations, we pooled the following
federal states: Berlin and Brandenburg, Bremen and Lower Saxony, and Saarland and
Rhineland-Palatinate. Moreover, within each stratum of federal states, we also considered
another stratification according to the cumulative number of infected people within the
district to allow for detailed monitoring of antibody prevalence. To do so, we summed
up the number of infected persons per district and correlated this with the district’s
population density per 100,000 inhabitants, resulting in the cumulative incidence. The
numbers of infected persons were provided by the RKI.® Information on population density
was provided by the Federal Statistical Office. The households within each federal state

2In the following, we use “SOEP” without further distinctions to refer to these samples. If necessary,
distinctions will be made.

3Further exclusion criteria, besides being younger than 18 years of age, include: not providing written
consent, not being able to self-administer the tests, and lacking sufficient German skills to understand
the materials provided.

4See https://www.bundesregierung.de/breg-de/themen /coronavirus/corona-bundeslaender-1745198

5Daily updates are available from https://opendata.arcgis.com/datasets/
dd4580¢810204019a7b8eb3e0b329dd6_ 0.csv. The figures used were from September 14, 2020.

SGENESIS Online (https://www-genesis.destatis.de/genesis/online) Table 12411-0015, accessed on De-

SOEP Survey Paper 1076 3


https://www.bundesregierung.de/breg-de/themen/coronavirus/corona-bundeslaender-1745198
https://opendata.arcgis.com/datasets/dd4580c810204019a7b8eb3e0b329dd6_0.csv
https://opendata.arcgis.com/datasets/dd4580c810204019a7b8eb3e0b329dd6_0.csv
https://www-genesis.destatis.de/genesis/online

Households Adults

54°N - 54°N -
52°N - 52°N -
50°N - 50°N -
48°N - 48°N -
6°E 8°E  10°E  12°E  14°E 6°E 8°E  10°E  12°E  14°E

Quartile - First - Second - Third - Fourth

Figure 1: Quartiles for the numbers of households (Qy,9.5; = {22;36;56}) and individuals
(Qq1;2,31 = {35;59;93}) by district.

stratum were assigned to one of the three infection classes: districts with a low, middle,
or high number of infected persons by cumulative incidence. The assignment was based
on the corresponding tertiles of the cumulative incidence. Finally, the first tranches were
formed in such a way that, for each federal state stratum and infection class, tranche
1 contained 50% of the households and tranches 2 and 3 each contained 25% of the
households. The migration samples M1 and M2 formed the last tranche. This was due to
the increased administrative effort resulting from our cooperation with the Institute for
Employment Research in Nuremberg on these samples.

The households assigned to the four tranches received a letter informing them about the
RKI-SOEP study, a letter from the German Ministry of Health urging them to participate,
and further information about the study. A few days later, they received the invitation
to take part in the study together with the privacy policy, declaration of consent, partic-
ipation plan, a short questionnaire, and the test kits. The test kits were accompanied by
detailed instructions for self-administration and packaging materials for safe return of the
samples. Participants were also informed that they would receive another letter with the
test results. Individuals who did not respond were sent a reminder two weeks later. As
described above, participants received a questionnaire containing questions about their
COVID-19 history as well as a polymerase chain reaction (PCR) and a dry blood spot
(DBS) test. The PCR test identifies current infection with the SARS-CoV-2 virus, and

cember 31, 2019.
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Figure 2: Number of individuals in the SOEP by sex and age.

the DBS test checks for Immunoglobulin G (IgG) antibodies in the blood, indicating a
previous infection. The testing procedure is detailed in the study protocol (Hoebel et al.
2021). The survey covered a time period of 15 weeks starting on October 2, 2020, and
ending on January 15, 2021 (see 1).

Figure 3 shows the number of adults in households and their allocation to the different
statuses. We invited 31,675 adults in 19,574 households to participate in the RKI-SOEP
survey, and a total of 15,122 adults in 9,783 households consented to do so. Participation
requires a valid consent form: Only when this is returned can the tests and questionnaires
be evaluated. Of those invited, 1,504 adults refused to participate. In addition to the
usual reasons, there were 12 individuals who stated that they did not believe that COVID-
19 is real (coronavirus deniers). Another 23 adults declined to participate because they
had been tested already. 190 adults were not able to participate for reasons such as
language problems or severe mental or health issues. 378 individuals had moved without
providing a new address, and the survey agency was unable to find their new addresses.
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Table 1: Field work periods, sample sizes and results by tranche.

Field work periods Sample size
Tranche Begin End Households Persons Participants
1 2020-10-02  2020-11-16 9,072 14,535 7,333
2 2020-10-26  2020-11-29 4,499 7,181 3,691
3 2020-11-10  2020-12-15 4,410 7,078 3,501
4 2020-12-14  2021-01-15 1,593 2,881 597
Total - - 19,574 31,675 15,122

The remaining 14,481 adults did not return any consent form, tests, or questionnaires.

Sample for thRKI-SOEP-study

Invited total
31,675 adults in
19,574 households

Refusal Non-contact
1,504 adults 14,433 adults

Unable / Deceased

190 adults ici
Participants Unknown address
15,122 adults in 378 adults

Missing Consent 9,781 households
48 adults

Participants who returned a valid consent form aind a

Questionnaire DBS-test PCR-test

15,110 adults 14,781 adults 14,690 adults

Figure 3: Flowchart of eligibility.

For the 15,122 adults participating, Figure 4 shows the cumulative number of tests (red)
and questionnaires returned by date. The figure shows that the majority of tests and ques-
tionnaires were returned in October and November 2020. During that time, Germany was
in the second wave of COVID-19. Also, in late December, no returned tests and question-
naires were registered because staff at the survey institute were on vacation. Starting in
early January 2021, tests and questionnaires that had arrived during the holiday period
were processed. We can see that tests and questionnaires were returned in small numbers
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up to the beginning of March 2021.
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Figure 4: Cumulative number of valid tests and questionnaires received over time.

3 Weighting Strategy for the RKI-SOEP Study

The process of weighting a survey is usually done in three steps (Kalton and Kasprzyk
1986). In the first step, the design weights are derived from the sampling design. In the
second step, referred to as sample weighting adjustment, the nonresponse adjustments are
carried out to account for potential selectivity. In the last step, referred to as population
weighting adjustment, estimates or distributions of the sample are adjusted to conform to
those of the population to account for sampling error or under-coverage. The weighting
strategy for the RKI-SOEP study resembles this three-step process and is largely similar
to the weighting strategy for SOEP-Core detailed in Kroh, Siegers, and Kiihne (2015).
In order to maximize the number of observations, the studies SOEP-Core and SOEP-IS
were integrated. The integration of the two samples was, first, at the household level and,
second, at the individual level (see Section 3.3).

Because the SOEP is an ongoing panel survey and the RKI-SOEP study was outside
the regular survey plan, we started with the last available observation of each panel
household and its corresponding weight at that time. For most of the households, this
was from the survey year 2019. This weight was then adjusted, in the sample weighting
step, for successive decision processes at the household and individual levels. The decision
processes included in the sample weighting adjustments at the household level covered: a)
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a household was still in the SOEP panel after the last survey and was invited to participate
in the RKI-SOEP study (see Section 3.2.1), b) the household refused to participate in the
RKI-SOEP study (see Section 3.2.2), and c) the household participated in the RKI-SOEP
study (see Section 3.2.3). Although b) and c¢) both apply to households that were included
in the RKI-SOEP study, it is likely that refusal and agreement to participate are driven by
different household characteristics. Thus, we dealt with the two processes separately. We
adjusted the resulting weights in the population weighting step using a raking procedure
so that sample distributions conformed to known population distributions from the 2019
Microcensus. Since there are fewer households in SOEP-IS than in SOEP-Core, these
two samples are weighted separately because they have to “represent” the same number
in the population. As a result, the average weight for a household in SOEP-IS is higher.
To compensate for this imbalance, the weights for households in SOEP-IS had to be
deflated and those for households in SOEP-Core had to be inflated. This was achieved
by inflating / deflating them proportionally to the number of households in the federal
states. These corrected household weights were then used in another raking step to
compute the individual-level weights for all adults living in the participating households.
For those adults who participated and returned a valid consent form, a final adjustment
was done, correcting for potential selectivity in self-testing. Again, a population weighting
adjustment was done, adjusting the participating adults to the population. The raking
procedure as well as the distributions used in the population weighting adjustments are
detailed in Section 3.3. Figure 5 gives a brief schematic overview of the different steps of
the weighting process in the RKI-SOEP study.

3.1 Variables Considered in the Weighting Process

To analyze participation decisions, we chose complimentary log-log (cloglog) regression
models to account for the skewed distribution. In modeling the different participation
decisions, we regressed over 400 household and individual characteristics on the corre-
sponding decision in a bivariate cloglog model. Most of the characteristics used stemmed
from the previous wave of SOEP survey data on demographics, health behavior, educa-
tion, family, finances, personality, migration, and political attitudes. Further, we used
the reported number of people infected with COVID-19 on the district level on the day
the DBS test was sent to the respondent.” Using the number of inhabitants from official
statistics (GENESIS Online Table 12411-0015), we computed the cumulative incidence
at the district level. We also used spatial information on the social structure of neigh-
borhoods provided by Microm. This covered, for example, information on the average
purchasing power per household in a certain area.

Not all of these variables entered into the corresponding models. The reason is obvious:
Of these over 400 variables, only a few were likely to have a significant influence on the
participation decisions. Besides that, it was possible that some of them might be highly
correlated with each other. Using unnecessary explanatory variables in the model would
only increase the variation in the computed adjustment factors resulting from the inverse
of the estimated probabilities. For reasons of efficiency, this should be avoided.

Thus, we first considered each of the variables in a bivariate model. If the variable turned
out to have a significant (p < 0.05) influence on the participation decision modeled,

"The RKI provides these numbers on a daily basis. They can be downloaded from https://opendata
.arcgis.com/datasets/dd4580¢810204019a7b8eb3e0b329dd6_ 0.csv.
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SOEP-Core SOEP-IS

HH in 2019 HH in 2019

Staying in the SOEP

HH in RKI-SOEP HH in RKI-SOEP

HH-level attrition

HH not refusing HH not refusing

Participating HH

Integration

Participating HH HH-level

Participating HH

Calibration Calibration

P-level attrition

Calibration Calibration

Persons not refusing Persons not refusing

Participation & test

Integration
P-level

Persons with valid tests Persons with valid tests

Calibration Calibration

Figure 5: Brief overview on the steps in the weighting process.
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it entered the set of significant variables. This set was then analyzed for correlation
among each other. If variables showed an absolute correlation greater than 0.95, we chose
the variable with the greater estimate from the bivariate model. The remaining set of
variables entered the preliminary model. In order to reduce the number of explanatory
variables to a minimum, we used a variable selection approach based on the Bayesian
information criterion (BIC). This variable selection approach skips and adds variables in
a stepwise algorithm, only skipping or keeping them if the model fit improves in terms of
the BIC. This three-step procedure yields a final model for the estimation of participation
probabilities used to adjust the weights. This procedure was applied in each step of
weighting the RKI-SOEP study.

3.2 Sample Weighting Adjustments: Modeling Decision Processes

This section will present the models estimated using the procedure presented above.®
Results are reported using coefficient plots. You will find the variables of the final model
on the y-axis. Parallel to the x-axis, the estimated coefficient (red dot) is displayed
together with its 95% confidence interval (red error bars). The dashed vertical line marks
0. Estimated coefficients are displayed in descending order, starting with the smallest
estimate in the top left corner and ending with the greatest in the bottom right corner.
Coefficients on the left-hand side of the dashed gray line indicate a negative influence on
the corresponding decision modeled. Accordingly, coefficients on the right-hand side of
the dashed gray line indicate a positive influence on the corresponding decision modeled.”

3.2.1 Households remaining in the SOEP after the 2019 wave

The first step of the sample weighting adjustment corrects for households that dropped
out of the SOEP in the period between the end of the last wave in 2019 and the beginning
of the RKI-SOEP study. In SOEP-IS, households in which a break-up with a partner had
occurred in the last survey year were less likely to continue participating (see Figure 6). 1
n SOEP-Core as well as SOEP-IS, households whose head was 75 years or older were more
likely to drop out of the panel. For SOEP-IS, a change of survey mode as well as a change
of the interviewer led to a reduced probability to remain in the panel. The same was true
of households in which the household head reported low satisfaction with health. If the
household was located in a neighborhood with high housing turnover, it was more likely to
remain in SOEP-IS. When a related household (e.g. the parent’s household) dropped out
either temporarily or permanently, this also reduced the other household’s (e.g. the child’s
household) probability to remain in SOEP-Core. Households in which not all household
members were surveyed in the last wave, that is, where partial unit nonresponse occurred,
were less likely to remain in the panel. The same was true of households with a high

8For estimation we use the glm function provided by R version 4.0.2 (R Core Team 2021). In preparing
the data, analyzing the data, and processing the results, we also used the packages broom (Robinson
and Hayes 2020), fastDummies (Kaplan 2020), haven (Wickham and Miller 2020), here (Miiller 2020),
janitor (Firke 2020), kableExtra (Zhu 2019),
labelled (Larmarange 2020), sf (Pebesma 2018), snowfall (Knaus 2015), survey (Lumley 2020), and
tidyverse (Wickham et al. 2019). This paper was created using rmarkdown (Xie, Allaire, and Grole-
mund 2018).

9In general, no estimated coefficient with a confidence interval including zero has a significant influence
on the dependent variable. When using the procedure described above, only significant variables
remain in the final models for weighting the RKI-SOEP study.
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level of item nonresponse. Lower probabilities to remain in the panel were also found for
households without Internet access and households with someone who had completed the
biography questionnaire or was born abroad. Also, if the household head’s satisfaction
with life was low, the household was more likely to drop out. Higher staying probabilities
were found for households located in big cities and those in which at least one person in
the household was single.

Core IS

Break—up with partner: this year -
Age of HH head: 75 years or older - |-0-|
Related HH: attrition - |—0—|
Related HH: temporary drop—out - |—0—|
Change of survey mode -

Change of interviewer -

Partial unit nonresponse -

No Internet access in HH -

Variable

1 1
1 1
1 1
1 1
1 1
1 1
HH head: satisfaction with health 0—4 of 10 - | |
[ 1 I
aall |
HH head: perspective life satisfaction 0-4 of 10 - |—0—| | |
Completed biography quesionnaire = |-0-| | |

High level of item nonresponse: HH - HI I

Born abroad - H I

HH in city with more than 100,000 inhabitants - IH I
Marital status: single - IH I

|

|_._|

-0.8 -04 0.0 -08 -04 0.0
Coefficient

Neighborhood with high housing turnover - '

Figure 6: Coefficient plot for the model used to correct for household-level attrition be-
tween 2019 and the RKI-SOEP study (y = 1 if household remains in the SOEP).

3.2.2 Households remaining in the RKI-SOEP study

The second correction was for households that dropped out of the panel after being asked
to participate in the RKI-SOEP study. The coefficients of the model estimating the
adjustment factors are shown in Figure 7. Here, several characteristics that impacted
attrition between the last wave of the SOEP and the RKI-SOEP study also impacted
household-level attrition within the RKI-SOEP study: namely, having a household head
aged 75 years or older and not having Internet access in the household. The probability
of staying in SOEP-IS was lower for households with at least one unemployed person and
for single households; the latter also holds for SOEP-Core. In the case of the RKI-SOEP
study, households located in neighborhoods with detached houses were more likely to
remain. Households in SOEP-Core that lack access to green space had a lower staying
probability in the RKI-SOEP study. Also, households with at least one non-German
household member and households in which the household head had no close friends were
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more likely to discontinue their participation in the SOEP. Not having made investments in
the previous year as well as being located in a neighborhood with mostly single households
reduced households’ staying probability as well. Households with four or more insurance
policies had a higher probability of remaining in the RKI-SOEP study. The same was
true of households with four or more household members as well as households with at
least one person who was not worried about immigration to Germany.

Core IS

Affected by lack accessible green space: yes - I—O—l
At least 1 unemployed person in HH -

Age of HH head: 75 years or older -

No Internet access in HH -

HH size: 1 person -

Devoted to home region: yes -

Nationality: Non—-German -

Variable

Monthly savings: yes -

IIIIII

Net equivalent income: 3rd quartile -

Not worried about immigration to Germany -
HH size: 4 persons or more -

Neighborhood with detached houses -

No visits by foreigners last year -

IIIII

-0.50 -0.25 0.00 0.25 -0.50 -0.25 0.00 0.25
Coefficient

Figure 7: Coefficient plot for the model used to correct for household-level attrition in the
RKI-SOEP study (y = 1 if household remains in the RKI-SOEP study).

3.2.3 Household-level participation in the RKI-SOEP study

Because of the large number of characteristics affecting participation decisions on the
household level, we highlight only those related to health and the spread of COVID-
19. The entire set of variables affecting household-level participation is shown in Figure 8.
With respect to the spread of COVID-19, we find that households located in districts with
higher incidences (cumulative incidence of 1,000-2,000 cases as well as 2,000 or more) were
less likely to participate in the RKI-SOEP study. Also, households located in districts that
were affected by a late second wave had a lower probability to participate in RKI-SOEP.
Looking at variables related to health and health behavior, we find that households in
which at least one person was a smoker had a lower probability to take part. Furthermore,
households in which at least one person had chronic health issues or was diagnosed with
migraines had a higher probability to participate. Finally, receiving individual health care
benefits also increased the likelihood of participating in the RKI-SOEP study.
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Core

Child born within last year -

HH receives unemployment benefits -
Break—up with partner: this year -

Voted for CDU in the previous federal election -
Related HH: same interviewer -

Cumulative incidence: 2000 and more -

No Internet access in HH -

Born abroad -

HH head occupational status: not employed -
Nationality: Non—-German -

HH head is widowed -

Smoker: yes -

Partial unit nonresponse -

Employment status: unskilled worker -

No investments previous year -

Pandemic process: late second wave -

No holiday trip last year -

HH head: satisfaction with dwelling 0-4 of 10 -
CASMIN 0, 1a, 1b, 1c-

Completed interview at the end of the field period -
Opinion: Refugees are bad for the economy -
Completed mother—child questionnaire -
Concerns about economic development -
Concerns about immigration to Germany =
Opinion: Immigration is a risk rather than a chance -
Working hours: fixed daily or alternating -

T III II

REE T I{w

Variable

I;IIIIIIIIIII

Couple in HH last year - H
Concerns about xenophobia in Germany - IH
Age of HH head: 55-64 - Ilef
Insurances: 4 or more = | H
Chronic health issues - |0|
Survey mode: self-administered questionnaire - I|-0-|
Life style: liberal, intellectually oriented - ||-0-|
University degree - | H
Not worried about immigration to Germany - H
Retired: yes - ! H
Receiving individual healthcare benefits - | |0|
Interested in politics: highly - | fe
Age of HH-head: 65-74 - fe]
HH head occupational status: worker - I |—0-|
HH head is religious: yes - | |—0-|
Property owner: yes - | |—0-|
HH head occupational status: employee - |-0-|
Neighborhood with high Internet traffic - 1 |—0-|
HH head occupational status: self employed - | I—O—I
Migraine diagnosed - | |-—0—|
-10 -05 00 05 -10 -05 00 05

Coefficient

Figure 8: Coefficient plot for the model used to estimate household-level participation in
the RKI-SOEP study (y = 1 if household participates in the RKI-SOEP study).
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3.2.4 Individuals remaining in the RKI-SOEP study

After analyzing unit nonresponse in different participation decisions on the household
level, we also looked at individual-level participation decisions within households that
decided to participate in the RKI-SOEP study. Again, we drew a distinction between
the explicit and implicit refusal to participate, as we did on the household level, because
we expected the response mechanism behind this to be different. On the individual level,
we used the information provided in the last survey wave available. This information
mostly refers to the survey year 2019. For SOEP-IS, we found married people who were
living with their spouse to be less likely to remain in the study. Adults who reported not
being particularly impulsive had a lower propensity to remain in the SOEP. In SOEP-IS,
respondents who reported being relatively nervous tended to decline participation more
often. For SOEP-Core, we found that respondents with German citizenship were more
likely to remain in the SOEP than non-Germans (see Figure 9). Also, younger persons
aged 18 to 24 (categories 15-19 and 20-24) were more likely to decline participation in the
RKI-SOEP study.

Core IS

Marital status: Married, live together -

Impulsivness: not so impulsive (1/10) -

Nervousness: relatively nervous (6/7) -

1
1
1
1
1
1
| ’_._f
1
‘ i 1
Age: 15-19- |
|
|
|
I
1
I

Variable

Age: 20-24 - H

Nationality: German -

»

05 0.0 05 0.0
Coefficient

Figure 9: Coefficient plot for the model used to correct for individual-level attrition in the
RKI-SOEP study (y = 1 if individual remained in the RKI-SOEP study).

3.2.5 Individual-Level Participation Decisions

Among those adults who did not explicitly refuse to participate, we further analyzed the
final participation decision on the individual level. The coefficients of the corresponding
model are displayed in Figure 10. In case of the SOEP-IS, we mostly found characteristics
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that lowered the participation propensity. The only individual-level characteristics we
found to negatively affect the participation propensity were the age group (category 20-
24) and not being interested in politics at all. In SOEP-IS, women tended to have a higher
probability of participation. The remaining characteristics describe the household context.
Here, multi-generation households as well as households with children (regardless of their
age) had a lower participation probability. For SOEP-Core, we found young adults aged
18 to 29 (categories 15-19, 20, 24, 25-29) to have a lower participation propensity. The
same applies to adults living in a household with a partner and a child aged 16 or older.
Also, adults who completed only general elementary education tended to be less likely to
participate in the study. A self-rating for inquisitiveness of 4 (neither / nor) on a scale
from 1 to 7, and a self-rating for the ability to forgive of 2 (not so easily) as well as being
male affected the participation propensity negatively. Adults living in households without
children tended to have a higher probability to participate. The same held for persons
who were highly satisfied with their family life. Being employed in civil service increased
the participation propensity. Moreover, being divorced as well as being German positively
influenced the participation decision. Finally, individuals living alone (HH type: 1 adult,
no child) tended to have a higher participation propensity.

Core IS
HH type: Multiple generations - | |——0—-| |
HH type: single parent - I |—-0—| I
HH type: Couple with children younger and at least 16 - I—O—-l
HH type: Couple with children younger than 16 - I |—0-| I
Age: 15-19 - fef 1 I
Age: 20-24 - ol | e |
Interested in politics: not at all - |-0—| |
HH type: Couple with children 16 or older - |0|: |—0-|
) Age: 25-29 - I-O-l I
% CASMIN (1b) general elementary school - |-0-|| |
s Able to forgive: not so easily (2/7) - |-0-|| |
> Being inquisitive: neither / nor (4/7) - H

Sex: male - I I
Satisfaction with family life: high (9/10) - Il |
Civil service employee - ||0| |

Sex: female - I I|-0-|

HH type: Couple without children - ol
Marital status: divorced - | |-0-| |
Nationality: German - I |ef |
HH type: 1 adult, no child - I |-0-| I
T O T
Coefficient

Figure 10: Coefficient plot for the model used to estimate individual-level participation
in the RKI-SOEP study (y = 1 if individual participated in the RKI-SOEP
study).
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3.3 Integration and Population Weighting Adjustments

For the joint analysis of SOEP-Core and SOEP-IS, the weights for the samples needed to
be integrated in a way that would allow for projection to the adult population of Germany.
This integration step was carried out on the household and individual level (see Figure
5). After adjusting the weights on the household level, they were integrated according
to the number of households in the federal state. This household-level weight was then
used again to derive individual-level weights for further adjustments. After adjusting the
weights on the individual level, they were again integrated according to the number of
individuals for the joint distribution by age groups and sex for the adult population.

In order to avoid sampling error and under-coverage, the weights were adjusted to the pop-
ulation. In this last step of the weighting process, we used the raking procedure detailed
by Deville, Sarndal, and Sautory (1993) to adjust the weights to meet known joint and
marginal distributions. Because no marginal distributions for the year 2020 were avail-
able from official statistical sources at the time of writing, we used those provided for the
year 2019. As the RKI-SOEP study only covers the adult population, the corresponding
margins were estimated from the SOEP data from 2019.

Margins used in the population weighting adjustments on the household level covered
the number of households per federal state, household size, municipality size classes, and
owner-occupied property. These adjustments followed the sample weighting adjustment
correcting for participation on the household level. On the individual level, population
weighting adjustments were performed on age groups, by sex, and by nationality (Ger-
man vs. non-German). This adjustment was made for all participating adults living in
participating households. In one final step, adjustments were made to clusters describing
different courses of the spread of COVID-19 in the second wave, provided by the RKI.

4 Discussion and Summary

One prerequisite for estimating the number or percentage of people infected with SARS-
CoV-2 is the use of random samples. Although random samples are frequently used in
these kinds of studies, only a few of them provide details on the nonresponse processes
involved. The information provided ranges from participation rates and eligibility figures
to detailed modeling of nonresponse processes. The amount of unit nonresponse has an
impact on the variance of an estimate, and selectivity will impact bias. More attention
should therefore be paid to the analysis of, adjustment for, and documentation of selec-
tion processes wherever possible. Studies in which samples are derived from population
registers administered at regional level often have very little information available on re-
spondents and non-respondents. Nevertheless, Radon et al. (2020) and Warszawski et al.
(2021) provide examples of how information on both groups can be enriched and used to
provide deeper insights into the response process. We contribute to this line of investi-
gation using previous waves of information from an ongoing panel study and augmenting
this with information on regional contexts from official statistics as well as data on the
spread of COVID-19 throughout Germany. The RKI-SOEP study is based on a random
sample at the national level and thus offers a rich set of information on numerous top-
ics other than COVID-19 from previous SOEP survey waves. This information enables
research on how COVID-19 has affected different households and individuals in different
ways and will also provide insight into the adverse effects of COVID-19 over the long run.
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In this paper, we used the information already available on the household and individual
level to take a close look at how unit nonresponse reshapes the sample used for estimating
the prevalence of COVID-19 in the adult population of private households in Germany. In
doing, so we accounted for different decision processes with respect to timing (before and
during the RKI-SOEP study) and hierarchies in the sample (household and individual
level).
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Appendix
Providing a valid DBS test

Core IS

Satisfaction with family life: low (2/10) - 1 F—e—- 1
Age: 15-19 - o |
Age: 20-24 - lef 1 = 1
Worrying: tend not to (1/7) - | |—0—| |
Interested in politics: not at all - | |—0—| |
Able to forgive: not so easily (2/7) - I—O—I | |
Age: 25-29 - fe{ 1 |
% CASMIN (1b) general elementary school = |-0-|| |
% Being inquisitive: neither / nor (4/7) - H| |
g Sex: male - H | |
Civil service employee - H |
CASMIN (3b) Higher Tertiary Education - |H I
CASMIN (3a) Lower Tertiary Education - IH I
Nationality: German = I H I

HH type: Couple without children - | H | I-O-I

HH type: 1 adult, no child - l H l I—O—l

15 -10 -05 00 05 1015 -1.0 -05 00 05 10
Coefficient

Figure 11: Coefficient plot for the model used to estimate individual-level provision of a
valid DBS test in the RKI-SOEP study (y = 1 if individual returned a valid
DBS test).
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