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This paper provides evidence for the response-enhancing effect of a
second, last-minute reminder near the end of an online business
survey. Sending reminders to prospective respondents of an online
business survey in Germany two days before the end of the field
period increased the likelihood of them taking part by 8.9 percentage
points compared with prospective respondents who were not
reminded again. This effect persists to a certain extent, since the
participation rate of firms that received a reminder in a given wave
is also higher in the subsequent wave. Reminding the firms does not
affect nonresponse bias or data quality.
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Statement of Significance

Business surveys often involve complex, time-consuming processes
that make participation a low priority for firms, leading to low
response rates and potentially jeopardizing the quality of the col-
lected data. This paper investigates the wuse of last-minute
reminders to mitigate this concern. We find that sending a second
email reminder just before the survey closes increases the response
rate among those who had not participated at this point by nearly
nine percentage points. This effect not only boosts immediate par-
ticipation but we also find certain evidence that it may carry over
to future survey waves, showing that reminders can have a lasting
impact on engagement. Importantly, we find that these reminders
do not introduce bias into the survey data or negatively affect the
quality of responses. Our study contributes to the growing litera-
ture on improving response rates in online business surveys, sug-
gesting that additional email reminders are a cost-effective strategy
that can be easily implemented.

1. INTRODUCTION

Business surveys are a popular tool for researchers and analysts to collect
up-to-date information on the activities of commercial entities and to cre-
ate economic statistics (Cox et al. 1995; Snijkers et al. 2013; Snijkers et al.
2023). A growing number of these business surveys take advantage of digi-
tization trends in the business world, using the web as the primary mode
of data collection (Sakshaug et al. 2019). For example, the Bundesbank
Online Panel—Firms (BOP-F), which provides the data framework for
our controlled experiment, was created in spring 2020 to monitor the eco-
nomic situation of firms during the COVID-19 pandemic in Germany
(Boddin et al. 2022; Boddin and Kdhler 2024).

Online surveys generally have many advantages over other modes,
including relatively low costs and high speed of administration (Callegaro
et al. 2015). At the same time, they suffer from lower response rates than
surveys in other modes (Manfreda et al. 2008; Daikeler et al. 2020), poten-
tially introducing bias in the results. This problem is exacerbated in online
business surveys, where the low direct interaction between the survey
organization and the respondent owing to self-administration (Evans and
Mathur 2005) is combined with time-consuming and complex response
processes (Snijkers et al. 2013; Haraldsen 2018). The result is that respond-
ing to the survey is given a low priority (Langeland et al. 2023).
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Effect of Last-minute Reminders in Online Business Surveys 3

The existing literature has suggested and evaluated an array of strat-
egies to increase response rates in online surveys of the general population
(Callegaro et al. 2015; Keusch 2015). One such strategy is the use of
reminders. The marginal costs of reminders in online surveys where the
sampling frame includes email addresses are extremely low, and meta-
analytic evidence supports the hypothesis of a positive effect of reminders
on response rates (Shih and Fan 2008; Goritz and Crutzen 2012; Goritz
2014; Barnhart et al. 2021). However, business surveys and other establish-
ment surveys, which do not target individuals, differ in many ways from
traditional household surveys (Cox and Chinnappa 1995; Willimack and
Snijkers 2013), for example, in how they identify and reach the relevant
respondent in an organization (Willimack and Nichols 2010; Snijkers and
Haraldsen 2013). In addition, invitations for business surveys are often
sent during periods of heightened workload for the potential respondents,
making survey response a low priority (Willimack et al. 2002; Langeland
et al. 2023). Thus, the question arises as to whether reminders can be an
effective response-enhancing technique in business surveys.

With this paper, we contribute to the small but growing literature on
the use of reminders in online business surveys in Germany. Specifically,
we implemented a randomized controlled trial in the Bundesbank Online
Panel—Firms (BOP-F) in which firms that had not yet completed the sur-
vey two business days before closure of the field period were randomly
assigned to either receive a second email reminder (treatment group) or
no additional contact (control group). This randomization procedure
ensured balanced treatment and control groups across firm characteristics
including size, sector, and region. All firms had previously received a
standard first reminder approximately one week into the field period. The
second reminder explicitly notified firms that the survey would close
within two business days, thereby creating a clear “last-minute” appeal.

We show that receiving a second reminder increases the response rate
among those who had not responded yet by 8.9 percentage points without
introducing bias. We also demonstrate that reminding non-responding
firms is not associated with unwanted negative outcomes related to data
quality. Finally, we show that the positive effects of the reminders go
beyond the current wave. Firms that receive a reminder are approximately
three percentage points more likely to participate in subsequent waves.

2. BACKGROUND

Reminders have been extensively studied in surveys targeting households
and individuals, but much less so in business surveys. We thus organize
our discussion of theoretical arguments for the use of reminders and their
effect on survey participation and data quality along the lines of these two
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streams of the literature. We then move on to derive our research ques-
tions and expectations for our own study (section 2.3).

2.1 Reminders in Surveys of Households and Individuals

Sending reminders is a commonly used technique to bolster response rates
in surveys. Reminding sample members to participate in a survey can ele-
vate the salience of the request, and, depending on the framing used in
the message, trigger other social-psychological mechanisms that might
lead to survey completion (Keusch 2015; Dillman 2020). For example, a
reminder might strengthen cognitive dissonance among non-respondents.
Cognitive dissonance (Festinger 1957) describes an unpleasant state of
tension between cognitive elements (e.g., opinions on whether to partici-
pate in a survey or not) that triggers pressure to reduce or eliminate this
dissonance, for example, by changing behavior. In the context of survey
non-response, such a behavior change could be responding to the survey
after the reminder is sent (Hackler and Bourgette 1973). Since reminders
provide another point of contact with sample members, researchers can
also use them in combination with other response-inducing techniques.
For example, adding an unconditional incentive to the reminder can fur-
ther invoke the idea of survey participation being part of a social exchange
(Dillman et al. 2014; Thibaut and Kelly 2017). A reminder might also be
tailored towards compliance heuristics (Cialdini 2009), stressing, for
example, the authority of the sender of the request or the scarcity of the
participation opportunity. Scarcity perceptions might be induced in
reminder letters by mentioning that the invited individuals are a small,
selective group (Porter and Whitcomb 2003) or by emphasizing the limited
time left to participate (van Mol 2017). The results from meta-analyses
demonstrate that reminders sent to non-respondents in individual and
household online surveys have a positive effect on the response rate (Shih
and Fan 2008; Goritz and Crutzen 2012; Goritz 2014; Barnhart et al. 2021).

While the empirical results convincingly argue for the use of reminders
in online surveys, the ideal number of reminders and when they should
be sent is less clear. From a theoretical perspective, one argument for
sending more than one reminder is the potential increase in perceived
benefits and reduced costs of survey participation (Roose et al. 2007;
Becker 2023). Sending multiple reminders allows researchers to stress dif-
ferent appeals in each communication using a broader range of arguments
for survey participation than in just one communication (Dillman et al.
2014). van Mol (2017) found that sending a third reminder nine to twenty-
eight days after a second reminder increased the overall response rate by
6.1 percentage points in an online survey among students at a university
in Belgium. Sauermann and Roach (2013) similarly demonstrated that
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each of the three email reminders used in a career survey among junior
scientists and engineers significantly increased the response rates. Becker
(2022) showed that a second and a third email follow-up reminder each
significantly decreased the risk of nonresponse in a panel study among
Swiss adolescents compared with just one or two reminders, respectively.
However, the effect of a second reminder that came via SMS was stronger
than the email reminder (see also Becker 2023). On the contrary, Munoz-
Leiva et al. (2010) found that the starting and completion rates between
individuals who received email reminders every tendays (in total four
reminders) compared to those who received reminders every twenty days
(in total two reminders) did not significantly differ. Sanchez-Fernandez
et al. (2012) confirmed no increase in response rates of five over three
reminders. Overall, Manfreda et al. (2008) demonstrated in their meta-
analysis that reminders in online surveys reach an earlier saturation point
compared to other survey modes—for example, post and telephone. So
far, no empirical research exists on the use of last-minute reminders that
specifically stress the approaching deadline of the field period, thus poten-
tially increasing the perceived scarcity of the participation opportunity
(Cialdini 2009).

Although sending reminders can be an effective way to encourage more
people to participate in online surveys, simply increasing response rates
does not necessarily reduce nonresponse bias (Groves and Peytcheva
2008). However, the “continuum of resistance” model (Lin and Schaeffer
1995) assumes that people who respond late and after additional contacts
are more similar to non-respondents compared to people who respond
early and with little effort (i.e., without reminders). There is mixed empiri-
cal evidence about the effect of reminders on the composition of the
responding sample and the estimates of substantive outcomes. For exam-
ple, van Mol (2017) found that reminders brought in more respondents
from groups that were underrepresented before the reminder in terms of
gender and parental education in a survey among Belgian university stu-
dents. Large national health online surveys in the Netherlands (Klingwort
et al. 2018) and Denmark (Christensen et al. 2015; Jezek et al. 2025)
showed that people who responded after receiving reminders were socio-
demographically similar to non-respondents in previous survey waves.
These late respondents also exhibited less favorable health behavior com-
pared to early respondents. However, Christensen et al. (2015) found that
sending more than one (postal) reminder did not change the overall char-
acteristics of respondents compared to non-respondents. Aerny-Perreten
et al. (2015) found that reminders helped recruit more primary health care
professionals with heavier workloads and with lower perceived relevance
of the survey topic. Along similar lines, late respondents who only replied
to an online survey after two email reminders offered harsher assessments
of the nation’s prevailing economic conditions compared to early
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respondents who responded before a reminder was sent (Rao and
Pennington 2013). However, while early and late respondents differed in
sociodemographic characteristics, late respondents were also different
from non-respondents, indicating that nonresponse bias can only be
reduced to a certain degree. A recent study by Klee et al. (2024) reported
very little difference in sociodemographic characteristics and substantive
answers between people who reacted to the online survey right away and
those who responded after a reminder.

Along the lines of the “continuum of resistance” model, one might be
concerned that late respondents who show lower motivation and need
one or even more reminders to be convinced to participate might produce
data of lower quality compared to early respondents (Munoz-Leiva et al.
2010). The empirical findings about the effect of reminders on data quality
in online surveys among households and individuals are somewhat mixed.
Goritz and Crutzen (2012) found in their meta-analysis no effect of
reminders on item omission and non-differentiation in multi-item scale
questions. However, reminded respondents were more likely to start the
survey and break-off compared to individuals who started the survey
before the reminder. Munoz-Leiva et al. (2010) and Sanchez-Fernandez
et al. (2012) did not find any differences in item nonresponse depending
on the number of reminders that were sent. One exception is the study by
Rao and Pennington (2013), which reported an increase in item missing-
ness with each additional reminder.

Finally, in panel studies where sample members are invited to partici-
pate repeatedly over multiple waves, the effect of reminders might go
beyond the current wave. Roose et al. (2007) suggested that reminders are
a means to establish trust in the survey organization that should increase
the panel members’ willingness to take part in future waves. The
reminders could also contribute to creating a more habitual participation
behavior among panel members (Becker 2022, 2023), in line with the idea
of panel conditioning. However, there is very little empirical research on
the long-term effects of reminders in panel studies. While Klee et al.
(2024) showed that respondents who participated after the reminder were
significantly less likely to participate in subsequent waves of the survey
compared to respondents before the reminder, this study did not experi-
mentally vary the use of reminders. Thus, this effect can probably be
attributed to self-selection, that is, reluctant respondents who required a
reminder to respond in the first wave are then also less likely to participate
in the next wave. The causal effect of reminders on long-term panel partic-
ipation has not been studied yet.
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2.2 Reminders in Business Surveys

As mentioned earlier (section 1), business surveys differ in a number of
ways compared to surveys targeting households and individuals, including
potential difficulties in identifying the right person or multiple persons in
an organization who can provide the requested information and the low
priority of surveys in day-to-day business operations (Willimack et al.
2002; Snijkers and Haraldsen 2013; Langeland et al. 2023). From a theoret-
ical standpoint, one could argue that reminders, and especially multiple
reminders, might be less effective in a business survey context because if
an initial survey invitation did not reach the right person within the
organization, for example, because a gatekeeper blocks access, then a
reminder might not change this.

Compared to the relatively large body of evidence supporting the use of
reminders in surveys of households and individuals, the literature on
reminders in business and other establishment surveys is much scarcer,
especially when it comes to online business surveys. Bavdaz et al. (2020)
provided an overview of the current state of the literature on business sur-
vey data collection, including a summary of a few experiments involving
reminders. However, most of these studies suffer from various confound-
ing factors, which make it impossible to isolate the causal effect of
reminders on participation and data quality. Tuttle et al. (2018) reported
two experiments conducted by the U.S. Census Bureau that varied the
number and timing of reminders in business surveys. In the first experi-
ment in the Business Professional and Classification Survey (SQ-CLASS),
a postal pre-due-date reminder significantly increased the likelihood of
participants accessing the online survey platform before the due date by
almost 30 percentage points. The difference did not change much once a
post-due-date reminder was mailed and telephone follow-up for nonres-
pondents started. A second experiment in the Annual Retail Trade Survey
(ARTS) replicated the pre-due-date reminder experiment and crossed it
with an experiment that varied the point at which the post-due-date
reminder was mailed. The additional pre-due-date reminder increased the
response rate by approximately 15 percentage points before the first post-
due-date follow up was sent and remained significantly higher even after
further mail and telephone follow-ups. The earlier post-due-date reminder
only led to a temporarily significant increase in the response rate until fur-
ther follow-up efforts were made. Snijkers et al. (2023) provided a sum-
mary of findings from several business studies, including the quarterly
survey Finances of Enterprise and Balance of Payments conducted by
Statistics Netherlands (CBS). They reported that “all surveys using
reminder strategies saw increases in returns in the days closely following
a reminder” (p. 430). Using paradata, they found that even for businesses
that did not return their questionnaire shortly after the reminder, there
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was increased activity in the online questionnaire. Finally, Pielsticker and
Hiebl (2020) conducted a meta-analysis of 126 published studies that col-
lected survey data from family businesses using a range of online and off-
line modes. Surveys that did not use a reminder yielded higher response
rates than those with reminders. Note, however, that the studies included
in the analysis did not experimentally vary the use of reminders, thus no
conclusions about the causal effect of reminders can be drawn.

To the best of our knowledge, there is no empirical evidence of the
effect of multiple reminders on participation behavior, nonresponse bias,
data quality, and long-term effects in longitudinal online business surveys.

2.3 Research Questions

With our study, we address this clear research gap in the literature by con-
ducting the first controlled experiment that varies the number of
reminders in online business surveys. Specifically, we study the following
four research questions:

RQ1. Does a second, last-minute reminder increase the response to
an online business survey?

RQ2. Do firms that respond before the second reminder differ from
those that respond after the reminder?

RQ3. How does data quality differ between firms that respond before
versus after the second reminder?

RQ4. What is the long-term effect of a second, last-minute reminder
on participation in future survey waves?

3. DATA AND METHODS
3.1 The Bundesbank Online Panel—Firms (BOP-F)

To answer our four research questions, we use data from the Bundesbank
Online Panel—Firms (BOP-F). The panel was launched by the Deutsche
Bundesbank (i.e., the German central bank) in spring 2020 to closely mon-
itor the economic situation of firms during the COVID-19 pandemic. After
a one-year pilot phase with waves collecting data every other month, the
survey has been conducted monthly since July 2021. The field phase for
each wave lasts about fifteendays and answering the questions takes
roughly twenty minutes. Approximately 3,000 firms participate in each
wave. The start date of the survey is usually the first business day of the
month. As of July 2023, thirty waves had been carried out. In total, more
than 46,000 different firms had participated in the survey and more than
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123,000 observations have been collected. For more information on BOP-
F, see Boddin et al. (2022) and Boddin and Kohler (2024).

BOP-F uses a rotating panel design with monthly waves where any
given firm is only invited once every three months. This has the advantage
of minimizing the burden on firms while still generating panel data. The
sample of firms contacted for the survey usually consists of panel firms
and newcomers and is drawn for an entire quarter. The sample of firms
included in the analysis is derived from official administrative data main-
tained by the Bundesbank. This dataset contains all firms in Germany that
either have one employee that is subject to social security contributions or
have an annual turnover of at least 17,500 euros. The sample is updated
monthly and designed to be representative of the population of German
firms with respect to firm size, region, and industry. Specifically, the sam-
pling process ensures alignment with the population distribution across
three firm size categories, four regional categories, and six industry catego-
ries. The response rate typically falls within the range of 15 percent to 20
percent (calculated as AAPOR RR1; see AAPOR (2023)), while the share
of panel participants is nearly 90 percent. The break-off rate, defined as
the proportion of firms that—in a given wave—started but did not com-
plete the survey, is relatively low, at 19 percent in Wave 6. Potential partic-
ipants are informed that the data are officially collected by the Deutsche
Bundesbank, but that participation is voluntary. The fact that the
Deutsche Bundesbank operates under government authority may influ-
ence participation rates compared to commercial or academic survey
contexts.

Firms in the sample receive survey invitations in two different ways: by
post and by email. All new firms are invited with a letter addressed to the
company management. The letter contains a unique access code and a
link to the online questionnaire. When participating in the survey for the
first time, firms are asked whether they are willing to participate in future
waves of the panel. Participation is voluntary and firms do not face any
negative consequences if they decide against participating. If firms provide
their email address during the survey, future communication is done via
email. Panel firms that have not provided an email address will continue
to be contacted by post. The standard protocol of the BOP-F is to send out
one reminder email or letter after a field phase of about one week to firms
that have not participated at that point.

The survey contains three types of questions. First, recurring core ques-
tions are asked about the economic situation of the firm, their expectation
for the future, and general issues related to financing, etc. Second, special
questions that differ from quarter to quarter and often deal with current
issues—for example, the effects of the COVID-19 pandemic (e.g., liquidity
constraints, effects of VAT cuts), climate change, digitalization, and supply
shortages are included in the questionnaire. Third, the survey collects
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information on the characteristics of the firm and the respondent such as
firm type, respondent type, employment, turnover, region, and industry.
In addition, the survey collects paradata on the duration of the interview,
the operating system of the device used for responding, and whether the
interview was interrupted. A major advantage of the BOP-F is the possibil-
ity of matching the survey information with the Bundesbank’s official
administrative data including, for example, information on turnover,
employment, economic sector, and region. Firms are required by law to
report such figures, which ensures that the data are highly reliable and
less prone to misreporting.

3.2 Experimental Design

To study the effect of a last-minute reminder, we implemented an experi-
ment in Wave 6 (July 2021) of the BOP-F among firms that had previously
participated in the survey and consented to be contacted by email
(n=3,118). This selection is necessary because email addresses are the only
means of contact that enable the short notice required for last-minute
reminders. These firms identified a designated contact person, typically a
member of the company’s management team, who could be reached via
email. This typically ensures that the same contact person responds to the
survey each time. The reminders were specifically addressed to this individ-
ual. We randomly split the sample of firms that had not completed the sur-
vey two business days before the survey ended into two groups. Importantly,
this means that we only conducted the randomization among firms that had
not yet completed the survey two business days before the survey ended,
ensuring that all subsequent analyses compare firms with similar response
timing patterns. The treatment group (1,527 firms) received a second email
reminder on Friday, July 23, 2021 at around 11 am, while the control group
(1,591 firms) did not receive a second reminder. The survey closed on
Tuesday, July 27, 2021 at around 9 am. The timeline in figure 1 shows a
chronological overview of the field phase.

In the reminder, firms are notified that the survey will close within the next
two business days, making it clear that this is a last-minute reminder. We refer
to the reminder as “last-minute” given the short two-business-day period
before the survey deadline. Our experimental design cannot separate if the
effects are driven by the timing (urgency created by the approaching deadline

July 5, 2021 July 13, 2021 July 23, 2021 July 27, 2021
Start of the First reminder Second reminder End of the
field phase field phase

Figure 1. Timeline of the Field Phase.
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and last-minute delivery) or by the additional contact opportunity. The exact
wording of the reminder, both in German and its English translation, can be
found in Appendix section S1, please see the supplementary data online.

Friday was selected as the reminder day for administrative reasons, align-
ing with the guideline to send reminders two business days before the end of
the field period. While earlier research has shown that the day of the week a
survey invitation is sent has only little effect on participation rates (Lindgren
et al. 2020), it is possible that the impact of these reminders is reduced
because Friday is the last business day of the week. The effects might be
more pronounced if reminders were sent earlier in the week. In this context,
the observed effect can be interpreted as a lower bound.

The random split guarantees that the sample is well balanced, that is,
firms that received a second reminder are independent and identically dis-
tributed for a wide range of firms (employment category, turnover category,
sector, region) and respondent characteristics (respondent’s area and posi-
tion). A variable overview can be found in table S3, please see the supple-
mentary data online in the Appendix. Table 1 reports the results of y* tests
for categorical firm and respondent characteristics (both self-reported as
well as from administrative records) for treated and control firms. The p-val-
ues are all well above the five percent-level, meaning that firm and respond-
ent characteristics are independent of the second reminder. Additionally, it
is important to note that both the treatment and control groups are identical
in the sense that they both consist of firms that had previously participated

Table 1. Chi-Square (y?) Test for Various Characteristics for Treated and
Control Firms

Variables 7 p-value
Employment category

Self reported 2.7470 .601

Official statistics 2.1711 704
Turnover category

Self reported 4.6335 .327

Official statistics 2.1861 702
Sector

Self reported 23.6087 .168

Official statistics 24.0261 .089
Region

Self reported 12.7942 .618

Official statistics 12.7056 .625
Respondent area 2.5274 470
Respondent position 4.9937 .288

Source.— Bundesbank Online Panel—Firms, wave 6, own calculations.
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in the survey at least once. A logistic regression using reminder as the
dependent variable and the firm and respondent characteristics as predictors
confirms that the randomization was successful (see section S3, please see
the supplementary data online in the Appendix).

3.3 Analytical Strategy

To answer our four research questions, we compare different groups based
on four outcomes. For RQ1, we compare the response rates—calculated as
the number of respondents who completed the survey divided by the
number of invited firms—in the treatment and control groups after the
reminder was sent. Note that the denominator here is not all sample mem-
bers invited to the wave but only those who had not responded before the
second reminder. To test for statistical significance, we conduct a ;(2 test of
association between survey participation and reminder treatment.

Regarding the effect of the reminder on nonresponse bias (RQ2), we
compare firms that completed the survey before receiving a second
reminder with those that participated after receiving the reminder. We
perform y* tests to examine whether there are systematic differences
between the two groups in terms of firm (employment category, turnover
category, sector, region) and respondent characteristics (respondent area
and position).

We also test whether receiving the second reminder influences data
quality (RQ3). We do so by comparing the response behavior of firms that
did not receive a second reminder but completed the survey, including
those that participated in the survey even before the reminder was sent,
with those that completed the survey after receiving the second reminder,
using both objective and subjective measures of data quality. As objective
measures of data quality, we use item nonresponse, measured as the num-
ber of items left unanswered in the questionnaire, response duration,
measured in seconds, and break-off (i.e., starting the survey but not com-
pleting it). For item nonresponse and response speed, we use t-tests, and
for break-off we conduct y* tests.

As subjective measures of data quality, we use two evaluation questions
that were asked at the end of the survey. We use a y* test to study the associ-
ation between self-reported feedback on difficulty and length of the survey,
asked with fully-labeled, five-point rating scales (1 = very difficult/much too
long, 2 =rather difficult/somewhat too long, 3 =partly difficult/just right,
4 =rather easy/somewhat too short, 5=very easy/much too short), and
reminder treatment. Note that the perception scales for feedback on diffi-
culty and length should not be directly compared and must be considered
independently. For the length scale, option 3, “just right”, is generally con-
sidered the ideal outcome. However, this may not apply to the difficulty
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scale, where options 5 and 4 (“very easy” or “rather easy”) may represent
more favorable responses. In this analysis, we compare whether the judg-
ments of firms that participated after receiving a second reminder differ
from those that participated without a reminder in any of the perception
categories.

Finally, to answer RQ4 we investigate whether the second reminder has
a long-term effect on survey participation in the subsequent survey wave
(Wave 9). It should be borne in mind that due to the rotating panel design
a given firm is only contacted once every three months. This means that
the next wave using the same sample of firms is Wave 9. Waves 7 and 8
involve a different sample of firms, aligned with those from Waves 10 and
11, respectively. To assess the long-term effect, we use a y? test to study
the association between receiving a second reminder and participating in
the next wave.

It is important to note that the analytical approach for RQ2 and RQ3
differs from that used for RQ1 and RQ4. While RQ1 and RQ4 exploit the
randomized assignment among firms that had not responded two business
days before survey closure, RQ2 and RQ3 require a different comparison
strategy. To assess nonresponse bias and data quality effects, we must
compare firms that responded before the second reminder was sent with
those that participated after receiving it. This timing-based comparison
means that the randomization cannot be leveraged for these research
questions, as the comparison group necessarily includes firms that had
already completed the survey before the second reminder was sent.
Consequently, the analyses for RQ2 and RQ3 are descriptive in nature and
do not establish causal effects of the second reminder on nonresponse bias
or data quality.

In additional analyses, we specify multivariate models that control for
firm and respondent characteristics that may affect the firms’ propensity
to participate in the survey. We report the specification of these models
and their results in section S4, please see the supplementary data online,
of the Appendix. All multivariate models confirm the findings of our
bivariate analyses.

All data preparation and analysis were done using Stata Version 18."

4. RESULTS

4.1 Effect of Reminder on Participation
Figure 2a descriptively illustrates the number of survey participants for

both treatment and control groups during the last survey days—after the

1. StataCorp. 2023. Stata Statistical Software: Release 18. College Station, TX: StataCorp
LLC.
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Figure 2. Survey Participation. (a) Participation after 2nd reminder. (b)
Overall participation. Notes.— The figure depicts the number of survey comple-
tions over time both for the treatment and control group. The vertical dashed lines
indicate the time at which the reminders were sent. Source.— Bundesbank Online
Panel—Firms, wave 6, own calculations.

second reminder was sent to the treatment group (marked by the vertical
dashed line). The blue solid line shows the treatment group which
received the second reminder, while the red dashed line represents the
control group that did not receive the second reminder. As can be seen,
the number of participants in the treatment group increases sharply
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compared to the control group. Immediately after the reminders were sent
(Friday, July 23), the participation of the reminded firms increased drasti-
cally. On that day, ninety firms finished the survey in the treatment group.
This proportion corresponds to 5.9 percent of all treatment firms that had
not taken part in the survey up to this point. At the same time, only six
firms in the control group finished the survey (corresponding to 0.4 per-
cent of all control firms). Another strong increase can be observed on
Monday (July 26), the first business day after the reminder was sent.
However, participation for the treatment group also increases noticeably
during the weekend. Figure 2b shows the cumulative number of partici-
pants throughout the field phase.

Overall, after the reminder was sent, 148 firms in the treatment group
and only fourteen firms in the control group completed the survey. The
final response rates of the treatment and control group after the second
reminder was sent were 9.7 percent and 0.9 percent, respectively. This
means that the second reminder increased the response rate for firms that
had not participated at this point by over ten times. A y* test shows that
this difference is statistically significant (y* = 123.95; df=1; p <.001).
Note that while this number may seem small, the total case count for our
experiment is 3,118, consisting of firms either in the treatment group
(who received a second reminder) or in the control group (who did not
receive a reminder). One hundred forty-eight firms in the treatment group
participated versus fourteen firms in the control group. This difference is
both statistically meaningful and significant. Post hoc power analysis indi-
cates sufficient power close to one (and thus well above the standard
threshold above 0.80) to detect the observed effect sizes. In terms of the
entire sample of Wave 6, the increase in participation after the second
last-minute reminder translates to an increase in the total response rate
for this wave of 0.81 percentage points.

In additional analyses we run both logistic regression models that con-
trol for firm and respondent characteristics that may affect the firms’ pro-
pensity to participate in the survey as well as a series of propensity score
estimations in which we pair each reminder firm with otherwise very sim-
ilar firms that did not receive a reminder, based on a number of back-
ground characteristics. Depending on the specification, we find that
receiving a second reminder increases the likelihood of participating by
between 8.9 and 9.1 percentage points, confirming the results from the
bivariate analyses. Appendix section S.4.1, please see the supplementary
data online, provides a detailed description of the multivariate analyses.
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Table 2. Chi-Square (;°) Test for Various Characteristics of the Firms
That Took Part in the Survey Before the Second Reminder Was Sent and
Those That Participated After Receiving the Second Reminder

Variables b p-value
Employment category

Self reported 1.2079 .877

Official statistics 3.3221 .505
Turnover category

Self reported 6.7341 151

Official statistics 2.1897 .701
Sector

Self reported 4.1643 .526

Official statistics 1.4294 921
Region

Self reported 22.5833 .093

Official statistics 22.8495 .087
Respondent area 1.0022 .801
Respondent position 1.9169 751

Source.— Bundesbank Online Panel—Firms, wave 6, own calculations.

4.2 Reminder and Non-Participation Bias

We assess the selectivity of firms that participated before receiving a second
reminder and those that participated after receiving a reminder, examining
whether they differ based on a range of firm and respondent characteristics.
To do so, we perform y? tests to determine whether there are any statistical
differences between the two groups (see table 2 for results). However, for all
characteristics, we find no significant differences, suggesting that the
reminders do not appear to be more effective for a specific type of firm but
generally work across all firm categories. This also suggests that the inclu-
sion of additional firms does not increase or reduce any bias in our sample.
In additional unreported analyses, we also separately examined whether
characteristics of the group of firms that participated after the second
reminder differ from those of the ones that participated either before the first
reminder or between the first and second reminders. For these subsets as
well, we find no significant differences.

4.3 Reminder and Data Quality

The previous sections showed that sending a second email reminder at the
end of the field phase (i) positively affects the participation rate and (ii)
does not increase bias through selective participation of specific groups of
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firms. One potential concern is that firms participating after receiving a
second reminder may be less motivated and thus provide data of lower
quality. To test this assumption, we compare the group of firms that par-
ticipated after the second reminder with those that participated before it,
using various objective and subjective quality indicators.

4.3.1 Item non-response.

First, we investigate whether firms that responded after the second
reminder exhibit higher item nonresponse rates compared to those who
replied before the second reminder. The concern is that firms that require
a reminder might have lower initial interest or engagement, leading to
incomplete responses. However, t-tests show no significant difference in
item nonresponse rates between the two groups, with a p-value of .292,
suggesting that receiving a second reminder does not significantly affect
response quality.

4.3.2 Response duration.

Reminded firms may rush through the survey and provide less thoughtful
responses. If this were the case, we would expect that firms that partici-
pated after receiving a reminder would take significantly less time to com-
plete the survey. However, the analysis shows that the completion time
does not differ significantly between these firms and those that partici-
pated before the second reminder (mean duration difference =-62.29,
p=.272). Therefore, we can conclude that the reminded firms approach
the survey with a similar level of care and attention.

4.3.3 Break-offs.

Further analysis reveals that firms receiving a second reminder have a
higher break-off rate compared to those who participated before the
reminder was sent (y> = 21.051; df = 1; p < .001). It should be borne in mind
that in previous analyses we focused solely on completed interviews when
assessing the effect of the reminder on participation. When considering
break-offs, the activation effect of the reminder appears even larger; how-
ever, more firms tend to leave the survey unfinished. One possible explana-
tion is that the small proportion of firms that only participate after receiving
two reminders may be less motivated. They might check the survey and
then decide not to complete it. An alternative explanation could be that the
second reminder may trigger responses from firms where coordination is dif-
ficult—for instance, firms where questions necessitate information retrieval
from records or where the initial recipient must hand off the survey to a
more appropriate colleague. If the reminder prompts such internal handoffs
or additional information retrieval, this process involves coordination
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challenges and access to records that are not immediately available, thus cre-
ating more opportunities for the survey to be abandoned midway.

As noted, we define any participation as a break-off where the survey is
not completed. On average, firms that stopped the survey after receiving a
short-term reminder still answered 23.5 percent of the survey, thus deliv-
ering partial data that—depending on the context—could still be used and
be of value. This break-off pattern implies slightly longer participation
before discontinuation compared to firms without a second reminder,
where break-off firms on average responded to 20 percent of the survey.

4.3.4 Survey perception.

Finally, we examine whether receiving the second reminder influences
survey perception as a subjective measure of data quality. Chi-squared
(¢*) tests show that the second reminder has no significant effect on sur-
vey perception, neither on perceived difficulty (4> = 0.785; df=4;
p =.940) nor on perceived length (y* = 0.082; df = 4; p = .994).

For all four data quality outcomes, additional analyses using (logistic)
regression models confirm our bivariate findings (see Appendix sections
S.4.2, please see the supplementary data online). In additional unreported
analyses, we separately examined whether the outcomes for the group of
firms that participated after the second reminder differ from the ones for
those that participated either before the first reminder or between the first
and second reminders. For these subsets as well, we found no significant
differences in response quality, which further supports our previous
findings.

4.4 Long-Term Effect of Reminder

To investigate whether the second reminder has an effect on survey partic-
ipation in the following survey wave (RQ4), we compare the relative fre-
quency of firms that participated in July (Wave 6) and in October (Wave
9), conditional on whether they received a second reminder in July.
Among those organizations that had received a second reminder in July,
27.5 percent responded to the survey in October while only 24.5 percent of
those who did not receive the second reminder in July responded in the
October wave. This effect is significant at the 10 percent-level (y* = 3.682;
df =1; p=.055) which indicates that reminders could have longer-lasting
effects. In Appendix section S.4.3, please see the supplementary data
online, we provide additional results from logistic regression and propen-
sity score models that confirm our bivariate findings. We extended the
analysis to examine long-term effects for two waves (i.e., six months) after
the initial reminder was sent and found no significant effects. This may be
due to panel attrition, which reduced the sample size of firms that
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participated in both the initial wave as well as in the new wave.
Additionally, firms in both treatment and control groups may have
received subsequent second reminders one wave after the initial reminder,
which complicates the empirical strategy and makes interpretation chal-
lenging as effects become confounded.

5. CONCLUSION

Online business surveys are increasingly used to study the current state of
the economy. While a plethora of empirical research has shown that email
reminder messages are a cost-efficient and easy way of increasing
response rates in online surveys targeting individuals and households,
there is a paucity of literature regarding business and other establishment
surveys. Business and other establishment surveys differ from other types
of surveys because a member of the organization first has to be identified
who is willing, able, and has the time to respond on behalf of the organiza-
tion. It is therefore unclear whether the empirical results on the effective-
ness of reminders can easily be transferred to business surveys.

We address this research gap with data from the Bundesbank Online
Panel—Firms (BOP-F) in Germany. Using a randomized experiment, we
find that a second last-minute email reminder (i) leads to a nine percent-
age point increase in participation among firms that had not responded
before the second reminder in the survey and (ii) that late responders do
not systematically differ from early responders in observable characteris-
tics. Our findings thus demonstrate that our knowledge about the effec-
tiveness of additional reminders in online surveys extends from individual
and household surveys to surveys targeting businesses. Our observed
effect size for the second reminder in our experiment is in line with the
effects found for additional reminders in web surveys of households and
individuals (Sauermann and Roach 2013; van Mol 2017; Becker 2022).
This is good news for survey practitioners who want to use email
reminders as an efficient tool for increasing response rates. Even in the
unique context of business surveys and other establishment surveys with
complex organizational structures, a second reminder has a substantial
and significant effect without leading to an increase in bias.

We also find (iii) that firms responding after the second reminder show
largely similar data quality patterns compared to early respondents. While
we see slightly higher break-off rates for firms that started the survey after
the second reminder compared to those before the second reminder, item
nonresponse rates, survey duration, and survey perception are equivalent
before and after the second reminder. We can thus conclude that the qual-
ity of the data from participants who have been reminded twice is not
compromised.
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Finally, the second reminder in our study (iv) had a small long-term
effect on the next panel wave three months after the original survey wave.
This finding is not only novel for business surveys but for online panel
surveys in general, where the long-term effect of reminders has not been
experimentally studied.

While our study builds on a rigorous experimental design that allows us
to infer the unbiased causal effects of a second email reminder on partici-
pation in online business surveys, there are certain limitations to our
study. First, we did not test whether there is a ceiling effect when sending
more than two reminders, as demonstrated in earlier research for individ-
ual and household surveys (Manfreda et al. 2008; Sanchez-Fernandez
et al. 2012). Second, our study design did not allow us to tease apart the
exact mechanism that leads to the increase in participation after the sec-
ond reminder. That is, we cannot say whether the observed effect can be
attributed to the last-minute timing of the reminder—creating a sense of
urgency or scarcity of the participation opportunity—or merely to the exis-
tence of the additional reminder. Third, and likewise, our study cannot
empirically distinguish between the various psychological mechanisms
that may drive the observed effects of last-minute reminders. While we
theoretically invoke salience, urgency, and cognitive dissonance as poten-
tial explanations, the experimental design does not allow us to isolate
these mechanisms. Fourth, our findings are based on panel members with
known email contacts, which may limit generalizability. Reminder effec-
tiveness may be larger for existing panel members than for first-time par-
ticipants as the former likely have greater familiarity with the survey
organization and process. Future research should examine reminder
effects in fresh samples and across different contact modalities.

One potential path for future methodological research on online busi-
ness surveys is to employ factorial designs varying message content, tim-
ing, and framing to better understand (i) which psychological factor is
most influential and (ii) whether the exact timing or the existence of an
additional reminder drives increased participation in business survey con-
texts. We also encourage future research to further investigate the poten-
tial long-term effects of reminders in panel studies, both in a business
survey context and for surveys targeting households and individuals.
Nevertheless, our study clearly shows that additional email reminders are
an effective and cost-efficient method to increase participation without
jeopardizing data quality, and we thus strongly encourage sending a sec-
ond reminder in online business surveys.

SUPPLEMENTARY MATERIALS

Supplementary materials are available online at academic.oup.com/jssam.
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