












we note that the age of the participants was limited to 18 to 74.
Students are a large group who get tested in school; assessing their
knowledge and behaviors is therefore crucial as well, as they
represent large groups with many contacts and are therefore im-
portant clusters in the disease dynamics. Moreover, the elderly
may have difficulties handling the home test, as pipettes, etc., are
rather small (14). Since self-efficacy was an important driver of
testing behavior, supporting the elderly in using home tests is
advisable, although we cannot present data on this group. While
we used samples in which the distribution of age × gender, as well
as federal state, was representative for the German population, we
did not use probabilistic sampling procedures. Thus, the samples
were generally higher educated and understanding of the tests,
and their knowledge may be overestimated, while the effectiveness
of communication may be underestimated. Indeed, in the analysis
on the willingness to participate in weekly tests, we found that
higher educated participants (>10 y of education) were more
willing to get tested than participants with less than 10 y of edu-
cation. This could indicate that early adopters of science-based
behaviors could be found in better educated parts of the society.
This calls for better and low-threshold health communication as
well as the need for fast and broad distribution of the information
on what should be done when and why.

In sum, the majority seems to be willing to use PoC or home
tests, as they want to make social contacts safer and are willing to
comply with screenings to curb the spread of SARS-CoV-2.
People will be more likely to use tests if they are available at a
low cost and are easy to use or if they are a key (given low in-
fection rates) to gaining access to public and social life. However,
people urgently need information about what a test result means
and how they should behave. Recommendations based on the
present findings are summarized in Table 2. While the data were
collected in Germany only, the pattern of results points to
principles that are inherent in human behavior. Moreover, the
interpretation and behavioral implications of test results are the
same around the globe. Thus, we are confident that the derived
recommendations are valuable in other countries as well. These
findings will thus be important at a time when antigen rapid tests
and self-testing is being rolled out (e.g., in low- and middle-
income countries). Activities that support people in isolation
and quarantine (e.g., regarding PCR testing and well-being while
isolating) could increase the willingness to adhere to the regu-
lations (8). Political action that reduces the financial burden of
testing (of buying tests, of self-isolation, and not being able to
work and earn money) will be necessary to support testing ac-
tivities. The present work shows that interpretation of tests is

Fig. 4. Results of Experiment 3 assessing psychological and behavioral consequences of negative home tests in close social settings. Having a negative home
test result before a social gathering decreased some preventive behaviors such as mask wearing or keeping physical distance to a small degree. Most pro-
tective behaviors were unaffected. Information about the limitations of negative test results could reduce this tendency. Information about the validity of
negative tests also increased the perceived probability of getting infected at the party as well as the worry of infecting others. Helplessness/agency did not
change as a function of testing. Violin plots show the density distribution, dots indicate mean values, and whiskers are 95% CIs.
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difficult and it cannot be taken for granted that correct behavior
will be shown after positive and negative test results. PoC and
home tests thus have great potential to be another building block
for fighting the SARS-CoV-2 pandemic, but only when effec-
tive health communication enables people to test and act
appropriately.

Methods
COSMO (29) assesses roughly 1,000 participants in weekly (after May 26,
2020, fortnightly) online serial cross-sectional data collections. Study par-
ticipants were members of an ISO (International Standard Organization)
e26362:2009–compliant online panel (respondi.de, https://www.iso.org/standard/
43521.html), and the data collection company compensated them financially for
participation at their usual rate. The results support the German government’s
policymaking and crisis communication. The present data were collected in four

COSMO data collections in December (December 15 and 16, 2020), February
(February 23 and 24, 2021), mid-March (March 9 and 10, 2021), and late March
(March 23 and 24, 2021). Shutdown measurements were in place during the
first three data collections (shops, barbers, and nonmedical services were
closed; a private contact restriction policy was in place). Since October 2020,
rapid testing has been offered in hospitals and nursery homes. In December,
general practitioners started to offer rapid asymptomatic PoC testing for pri-
vate payment. Weekly PoC tests became free of charge in early March. At the
same time, home tests became available in shops.

Participants. Each wave’s sample is quota-representative for age (18 to 74 y
old) × gender and federal state in Germany. Demographics are presented in
SI Appendix, Table S7 and German quotas at https://osf.io/geha9/ (30).

Measures. All original and translated items are available online (https://osf.io/
geha9/) (30). An overview of all surveys in the COSMO series is also available

Table 2. Suggestions for communication to improve behavior around rapid and home testing

Topic Recommendations

Test strategy Communicate that widespread frequent testing with rapid tests can help detect nonsymptomatic but nevertheless
infectious people. This can help break chains of infection and, over time, help to stop the spread of SARS-CoV-2. The
more people get tested regularly and isolate when tested positively, the more effectively we can break infection
chains.

Assist people to find testing sites early on (e.g., by inviting the local media to the testing sites) or by repeated
advertisements on the radio, on billboards, etc.

Communicate whether rapid tests and home tests can detect different variants of SARS-CoV-2 similarly well.
Tests are imperfect and people are still willing to use them for screening, testing, and isolating those who are infected.

Policy makers can expect a high degree of compliance from citizens given they provide them with understandable
information and facilitate the desired behaviors afterward.

People are motivated to protect others. Addressing prosocial motives and offering incentives, such as taking part in
public and social life (at low community prevalence and/or with social distancing, mask wearing, etc.), could increase
test rates.

Communicate that there are two types of antigen rapid tests: PoC test and home tests. The technology is the same.
Only the person who conducts the test differs: either a trained person in a PoC facility or a lay person testing
themself.

Conducting tests Strengthen people’s self-efficacy in using tests; explain how home testing works, where to get high quality tests, and
how to read the results.

Behavior after a test Consider that people may have had risky contacts and ask “Do I have COVID-19?” Consider that the other motivation is
that they intend to meet others, wondering “Could I infect someone?” In both cases, they expect a yes or no answer
from the test. A “no” answer may elicit a tendency for complacent behavior, especially as tests are taken to protect
close family and friends. Thus, information is needed about why and which protection is still necessary. A “yes”
answer requires information about isolation and PCR follow-up testing.

Communicate what people need to do after a positive test result. Explain that a positive test result is not a diagnosis. It
indicates that a person might be infected and infectious and that the positive results need to be taken seriously.
Therefore, positively tested individuals should immediately isolate themselves as best they can. Furthermore, they
should get a PCR test from their health care provider to confirm their result as soon as possible. Offer support and
information for isolation.

Communicate what people need to do after a negative test result. Explain that a negative test means that the risk of
being infectious is reduced but it is not zero. Therefore, it is still safest to continue other protective behaviors such as
keeping physical distance and mask wearing. This also helps to avoid getting infected.

Validity of the test
result

Consider that people may wonder “Does the test tell the truth?” Consider that people may have no good intuition
about the validity of the test. People will also not consider that the test result has different validity given a positive
or a negative result or different incidence rates. Communicate the action requited after either test result.

Communicate that the more time has passed since the test, the less meaningful its result becomes. Therefore, the test is
only valid on the same day.

Distribution of
information

While some people may have a sincere interest in finding out about the scientific background behind the behavioral
rules, for the majority, it may suffice to clearly explain the behavioral part. A “bite, snack, meal approach” could
offer easily accessible information regarding the WHAT TO DO; for those interested, it could be supported by the
WHY, based on HOW the test, disease, and tested person interact.

All information should be provided in a language that laypeople can understand to increase understanding, self-
efficacy, trust, and confidence.

Information should be provided at relevant touchpoints, such as test centers, home test information leaflets, schools,
and the workplace. It is important that health information is also offered by nongovernmental institutions (as trust
in those may decrease over time). Trusted organizations in local communities such as sports clubs, organizations of
faith, etc., could serve as multipliers.

Information should be provided in multiple relevant languages and complemented by illustrations to reach minorities
as well as those with low health literacy.
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online (35). In all data collections, demographics were assessed first, fol-
lowed by the psychological variables. Experiments were placed toward the
end of the questionnaire. In the paragraphs below, we report only the rel-
evant variables used in this contribution.
Demographic variables. Education was assessed as low (up to 9 y of schooling),
medium (at least 10 y [without A level]), and high (at least 10 y [with A level]).
For the regressions, it was categorized as low (up to 9 y) and high (at least 10
y). Income was assessed as household net income, with seven levels ranging
from <1,250 to >5,000 Euros. For family status, participants indicated
whether they had children under 18 y of age (yes/no). Occupation in the
health sector and infections among family or acquaintances were also col-
lected as yes/no answers. Membership in the at-risk group was collected as
yes/no/don’t know. Daily numbers of new confirmed COVID-19 cases as well
as the 7-d incidence rate per postal code area were collected by the German
Robert Koch Institute. By matching the numbers with the postal code, these
indicators of infection in the participant’s area were added to the dataset.
For data protection reasons, the data are provided in categories only (<50,
50 to 100, and >100).
Psychological variables. Psychological constructs were assessed with seven-
point Likert-type scales and used single items for the following economic
reasons: trust in the federal government (1 = very little trust, 7 = very much
trust) and probability, severity, and susceptibility regarding COVID-19 in-
fection (1 = extremely unlikely, completely harmless, and not susceptible to
7 = extremely likely, extremely dangerous, and very susceptible). The par-
ticipants indicated how often they search for information on the topic (1 =
never, 7 = very often) and whether they found the measures exaggerated
(1 = don’t agree at all to 7 = fully agree). The self-efficacy item asked how
hard or easy it is for them to avoid infection with COVID-19 in the current
situation (1 = extremely difficult to 7 = extremely easy). Helplessness/agency
regarding COVID-19 was also rated (1 = something I feel helpless about to
7 = something I can actively do something about). Affective risk is the mean
score of three semantic differential items (frightening to not frightening,
worrying to not worrying, and something I think about all the time to
something I almost never think about), assessed on scales ranging from 1 to
7 (Cronbach’s alpha = 0.81). Worries were assessed with 10 items; the par-
ticipants rated the degree to which they worried about different aspects
regarding the economy (small businesses filing for bankruptcy, economic
recession, or social life being restricted in the long term), one’s own financial
situation (losing job or loss of income), health (getting infected yourself,
losing someone you love, or health care system becoming overburdened),
and potentially increasing social inequity and divide (increasing the gap
between rich and poor, with society becoming more selfish) on scales
ranging from 1 (very little) to 7 (a lot).
Protective measures. To assess whether participants who had been tested show
more or less protective behaviors, we assessed the self-reported frequency of
wearing a mask, washing hands, physical distancing, using the Corona Warning
App, and avoiding close contacts (1 = never; 5 = always). The participants could
also indicate if this did not apply to them, leading to missing values.
PoC rapid tests. The participants indicated whether they had already been
tested with a PoC rapid test (yes, no, or don’t know) and whether they know
where to get such a test (1 = strongly disagree; 7 = strongly agree). In
February and early March, the participants who had already been tested
selected all reasons that applied for the previous test and projected situa-
tions in which they thought they would get tested in the future (visiting
people with a high risk of severe COVID-19, visiting friends and family, own
symptoms, having been in contact with an infected person, or after traveling;
yes/no; multiple answers possible). Additionally, in late March, the participants
were asked whether they would consider getting a rapid test twice a week for
screening purposes (yes/no).

Individuals’ understanding of test results was examined in early March.
The participants were asked to estimate the tests’ positive predictive value
(how many people would be infected out of 1,000 people with a positive
rapid test result) and the complement of the negative predictive value (out
of 1,000 people with a negative rapid test result, how many are in fact in-
fected but not being discovered). For both answers, an open text field was
provided, allowing integers only. To determine the range of correct answers,
we used the present infection rates of 70 per 100,000 inhabitants at the
time of the survey, assuming that approximately one-third of cases are
reported (which results in 4.4 infected people out of 1,000 according to
https://covidstrategycalculator.github.io/), a test sensitivity between 60%
[mean sensitivity (44)] and 90% [which is the lowest sensitivity as provided
by the test manufacturers of all available tests in Germany (45)], and a
specificity between 99% (45) and 99.7% (37). These parameters yield a
probability of being infected given a positive test result of 20.63 to 57.14%
(positive predictive value) and a probability of not being infected given a

negative test result of 99.82 to 99.96% (negative predictive value; https://rki-
wiko.shinyapps.io/test_qual/). Consequently, answers were counted as cor-
rect when the participants stated a number between 206 and 571 (number
of people with positive test results who are actually infected) and 1 to 2
(number of people with negative test results who are in fact infected). The
correct answer range for the number of positive test results given 1,000
rapid tests was 6 to 14. Participants answering with numbers outside of the
0 to 1,000 range were excluded from the respective analysis (four for the
true positive and one for the false negative analysis). Note that we asked
people about the tests’ validity to indicate an infection. In public health
screening settings, the tests might be used to mainly detect asymptomatic
infectious people. While test performances might differ for this use case,
they would have the same order of magnitude. We therefore would not
expect the results to notably differ.
Home tests. Participants in both March data collections were asked whether
they intend to perform home tests (yes/no). In early March, a qualitative
assessment of their reasons for (non)testing was followed with open-answer
questions. The participants further rated whether they would show a certain
behavior given a positive home test result (isolate and, until the result is
verified, get a free PCR test, informing close contacts of the past 14 d, and do
a second rapid test; 1 = definitely not to 7 = definitely) and indicated
whether they think reporting of positive home test results is legally man-
dated (yes/no/don’t know). For reporting, the variables were recoded as no/
disagree (1–3), unsure/undecided (4), and yes/agree (5–7).

Building on the open answers from early March, items were created
capturing the motives of home testing. A total of 10 items were developed,
and participants rated their agreement (1 = definitely not agree to 7 =
definitely agree) with statements regarding their confidence in the validity
of home tests; whether they found home tests to be easy to perform and felt
confident in doing so; whether they considered them to be an adequate
means of identifying infected people, to reduce transmission, to allow more
contacts; whether they knew why people without symptoms should get
tested; and whether they would support mandatory testing. Additionally,
the participants rated whether they believed home tests were unnecessary
because COVID-19 posed no threat and whether they saw them as a means
of the government to artificially inflate the pandemic.
Experiment 1: Incentives. In earlyMarch, the participants were asked to imagine
that they had the chance to go shopping in the city center on the upcoming
weekend. Regular hygiene rules (wearing a mask and physical distancing)
would still apply. They were randomly allocated to three conditions either
proceeding directly to the dependent variables (control, n = 330), a con-
dition suggesting that everyone would be required to get tested (PoC
rapid test, n = 351), or one suggesting everyone would be tested and
positive results would be officially registered and followed up by a PCR
test (PoC test with registration, n = 313). We chose the evaluation of
the procedure, the willingness to go shopping in the given circumstances,
and the willingness to take a rapid test as dependent variables, all assessed
on scales ranging from 1 (not at all good/definitely not) to 7 (very
good/definitely).
Experiment 2: Costs. In earlyMarch, the participants were randomly assigned to
one of the following five experimental conditions. They were asked to
imagine that they had the chance to get tested in a PoC test center (n = 418)
or to do a home test (n = 576). In a nested design, costs were varied for the
home test only (no costs [n = 197], 1 Euro [n = 185], and 5 Euros [n = 194]),
while the PoC test was available at no cost. For the PoC rapid test, it was
further varied whether the participants learned (n = 215) or did not learn
(n = 203) that positive test results would be officially reported and fol-
lowed up by a PCR test. Participants then answered four questions indi-
cating how often (1 = never to 7 = always) they would use such a test
before they meet people from a risk group, friends, family, or people they
do not know well and how often they would use such a test after they met
people with COVID-19 symptoms, friends, family, or people they do not
know well.
Experiment 3: Consequences of home testing. In late March, the participants were
randomly assigned to one of the following three conditions, each describing a
scenario of a small private birthday party involving 10 people from three
households, which was in accordance with legal regulations at the time of
data collection. In the control condition, testing was not mentioned. In the
two experimental conditions, all guests, including the participant, were
tested negative with a home test prior to the gathering. The participants
received or did not receive additional information about false-negative tests
(“Please note that in rare cases a test can also be wrong. It is therefore
possible that you or your friends are infected with the coronavirus, but the
test does not indicate this. This may be the case if you have only recently
been infected or have almost overcome the infection. Then the viral load is
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too low to get measured by the test but you could still infect others. Or
it may be the case that a test was performed incorrectly.”). Dependent
variables were helplessness/agency (the Coronavirus is something. . .1 = I feel
helpless about or 7 = against which I can actively do something), perceived
probability of infection during the party (1 = not at all likely to 7 = very
likely), the likelihood of showing certain behaviors at the party (e.g.,
wearing a mask, physical distancing to other guests, asking other guests to
be aware of the restrictions, or drink from another’s glass; 1 = not at all
likely to 7 = very likely), and worries about infecting another person at the
party (1 = not at all to 7 = a lot).

Ethical Approval. The study, including all reported data collections, obtained
ethical clearance from the University of Erfurt’s Institutional Review Board
(#20200302/20200501), and all participants provided informed consent prior
to the data collection.

Data Availability. Data, analysis code, details of all statistical analyses, and
supplementary methods are provided at the Open Science Framework
(https://osf.io/geha9/) (30).
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