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CONCURRENT, WEB-FIRST, OR WEB- 
ONLY? HOW DIFFERENT MODE SEQUENCES 
PERFORM IN RECRUITING PARTICIPANTS FOR A 
SELF-ADMINISTERED MIXED-MODE PANEL STUDY

PABLO CHRISTMANN �

TOBIAS GUMMER 
ARMANDO H€ARING  
TANJA KUNZ 
ANNE-SOPHIE OEHRLEIN 
MICHAEL RULAND  
LISA SCHMID 

During the COVID-19 pandemic, many survey programs switched to self- 
administered modes of data collection, often offering respondents both web- 
based and paper-based questionnaires. However, there is little guidance as to 
when to offer which mode, especially when the aim is to recruit participants 
for a panel survey. This study examines the effectiveness of different mode- 
sequence designs by analyzing an experiment implemented in the recruit-
ment wave of the German panel study “Family Research and Demographic 
Analysis.” We randomly assigned 108,256 individuals aged 18–49 years to 
one of three mode-sequence-design conditions: concurrent, web-first includ-
ing a paper-based questionnaire with the second reminder (web-first-2), and 
web-first including a paper-based questionnaire with the third reminder 
(web-first-3). A fourth, simulated group did not receive a paper-based 

PABLO CHRISTMANN is a Senior Researcher with the GESIS—Leibniz Institute for the Social 
Sciences, Mannheim, Germany. TOBIAS GUMMER is a Senior Researcher with the GESIS— 
Leibniz Institute for the Social Sciences, Mannheim, Germany and Professor at the School of 
Social Sciences, University of Mannheim, Mannheim, Germany. ARMANDO H€ARING is a Senior 
Researcher with the infas Institute for Applied Social Science, Bonn, Germany. TANJA KUNZ is a 
Senior Researcher with the GESIS—Leibniz Institute for the Social Sciences, Mannheim, 
Germany. ANNE-SOPHIE OEHRLEIN is a Doctoral Researcher with the GESIS—Leibniz Institute for 
the Social Sciences, Mannheim, Germany. MICHAEL RULAND is a Senior Researcher with the infas 
Institute for Applied Social Science, Bonn, Germany. LISA SCHMID is a Senior Researcher with 
the GESIS—Leibniz Institute for the Social Sciences, Mannheim, Germany.
This work was funded by the German Federal Ministry of Education and Research (BMBF) as 
part of FReDA (grant number 01UW2001B). 
This study design and analysis were not preregistered.
�Address correspondence to Pablo Christmann, GESIS—Leibniz Institute for the Social 
Sciences, Mannheim, Germany; E-mail: pablo.christmann@gesis.org.

https://doi.org/10.1093/jssam/smae008 
# The Author(s) 2024. Published by Oxford University Press on behalf of the American Association for Public Opinion Research. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons. 
org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is 
properly cited. 

Journal of Survey Statistics and Methodology (2024) 00, 1–26 

D
ow

nloaded from
 https://academ

ic.oup.com
/jssam

/advance-article/doi/10.1093/jssam
/sm

ae008/7625006 by G
esis user on 28 M

arch 2024

https://orcid.org/0000-0003-0458-9572
https://orcid.org/0000-0001-6469-7802
https://orcid.org/0000-0001-8460-2583
https://orcid.org/0000-0003-2617-7296
https://orcid.org/0000-0002-6328-5176


questionnaire (web-only). We analyzed how different mode-sequence 
designs affected outcome rates, sample composition, response distributions, 
data quality, share of paper-based questionnaires, postage costs, number of 
postal mailings in the recruitment wave, and participation in the first regular 
wave. Our results show no differences in response distributions and small 
differences in sample composition across the four mode-sequence designs. 
As the web-first-2 and simulated web-only designs yielded comparatively 
good response and recruitment rates at reasonable costs, we recommend 
their use when surveying adults between 18 and 49 years old.

KEY WORDS: Mixed-mode; Mode-choice design; Panel survey; 
Recruitment experiment; Self-administered modes.

1. INTRODUCTION

Even before the outbreak of the COVID-19 pandemic, large-scale cross-sec-
tional survey programs, such as the Generations and Gender Programme, the 
European Social Survey, and the European Values Study, had started experi-
menting with self-administered modes (e.g., Cernat and Revilla 2021; Luijkx 
et al. 2021; Wolf et al. 2021; Cernat et al. 2022; Piccitto et al. 2022). This was 
prompted primarily by declining response rates and the rising cost of 
interviewer-administered modes (de Leeuw and de Heer 2002; Brick and 
Williams 2013; de Leeuw et al. 2018; Olson, Smyth et al. 2021; Wolf et al. 
2021). Disruptions to face-to-face data collection during the pandemic also 
forced ongoing and planned survey programs to switch to self-administered 
modes (e.g., the German Institute for Employment Research Establishment 

Statement of Significance  
This study examines the effectiveness of four mode-sequence designs 
by analyzing an experiment implemented in the recruitment wave of 
the German panel study “Family Research and Demographic 
Analysis.” The first group received a paper-based questionnaire with 
the invitation letter. The second group received a paper-based ques-
tionnaire with the second reminder only, while the third group 
received a paper-based questionnaire only with an additional third 
reminder. A fourth simulated group did not receive a paper-based 
questionnaire. Our results show no differences in response distribu-
tions and little differences in sample composition across the designs. 
As the second and fourth groups yielded good response and recruit-
ment rates at reasonable costs, we recommend their use when survey-
ing adults aged 18–49 years.
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Panel [Sakshaug et al., 2020] and Understanding Society—The UK 
Household Longitudinal Study [Burton et al. 2020]).

Some probability-based panel studies in the social sciences have been using 
self-administered modes to survey their panel members for about 10 to 
15 years. Examples include the Longitudinal Internet Studies for the Social 
Sciences (LISS) panel in the Netherlands and the German Internet Panel (GIP) 
and the GESIS Panel in Germany. These panel studies rely on self- 
administered modes mainly for reinterviews in the ongoing panel. In the 
recruitment stages, interviewers usually conduct interviews face-to-face and 
directly obtain respondents’ consent to join the panel (e.g., Blom et al. 2015; 
Bosnjak et al. 2018). During recruitment, interviewers serve two main pur-
poses: first, to motivate respondents to give their consent to be reinterviewed 
(i.e., to increase panel consent rates); second, to establish a relationship 
between the panel study and the respondents (i.e., to increase panel retention 
rates). However, declining response rates and increasing survey costs associ-
ated with the face-to-face mode are also a challenge for this recruitment strat-
egy. Consequently, probability-based panel studies such as the GIP have 
recently begun exploring whether recruitment surveys can also be conducted 
in self-administered (mixed) modes rather than face-to-face (Cornesse et al. 
2022).

There is considerable leeway regarding the modes that can be offered to 
respondents to participate in a survey and—if multiple modes are offered— 
their optimal sequencing. The most common self-administered modes in gen-
eral population surveys rely on web-based and paper-based questionnaires. 
Several different strategies for designing mode sequences can be distinguished 
(de Leeuw 2018). In mixed-mode designs, respondents are offered a choice of 
multiple modes to participate in the survey. If there are several contact 
attempts, a basic distinction can be made between concurrent and sequential 
mixed-mode designs. In a concurrent (or simultaneous) mixed-mode design, 
respondents are offered several modes at the same time during the initial con-
tact. In a sequential mixed-mode design, only one mode is offered initially, 
and other modes are offered only in later contact attempts (Dillman 2017). If 
in this case a web-based questionnaire is offered first, the strategy is referred 
to as “web-first,” “push-to-web,” or “web-push.” If a paper-based question-
naire is offered first, it is typically called “paper-first.” In a single-mode 
design, by contrast, only one mode is offered across all contact attempts, and, 
therefore, respondents do not have a choice of modes. If only the web mode is 
offered, the strategy is often called “web-only.” In panel studies, mode- 
sequence-design decisions are particularly important because they can affect 
not only participation behavior in the recruitment wave but also in subsequent 
waves.

The present study contributes to the literature by analyzing a survey experi-
ment on the effects of four different mode-sequence designs (one concurrent, 
two web-first, and one web-only) for the recruitment of participants for a panel 
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study. We perform several analyses based on a comprehensive set of key per-
formance indicators, including response rates, sample composition, distribu-
tions of substantive variables, data quality, share of paper-based 
questionnaires, and survey costs. In addition, we analyze how these mode- 
sequence designs impact panel consent, recruitment rates, and participation 
behavior in the first regular wave. Thus, we ask two research questions:

(1) How does the mode-sequence design affect participation behavior and key 
performance indicators in the panel recruitment wave? 

(2) How does the mode-sequence design in the recruitment wave affect panel 
consent and participation behavior in the first regular wave? 

2. PREVIOUS RESEARCH

In the total survey error (TSE) framework, Groves et al. (2009) distinguish 
two dimensions of possible sources of error that can affect the quality of sur-
vey statistics: measurement and representation. The representational dimen-
sion comprises all steps that lead from the target population to the survey 
respondents and the extent to which the latter accurately reflect the characteris-
tics of the target population. Regarding representation, our primary interest 
lies in evaluating nonresponse and nonresponse error to determine whether 
survey statistics are impacted by varying participation within the different 
mode-sequence-design groups. In survey practice, nonresponse is often 
assessed through response rates, although Groves (2006) and Groves and 
Peytcheva (2008) demonstrated that there is no strong statistical relationship 
between nonresponse bias and response rates.

Studies based on cross-sectional surveys have found that “web-intensive” 
mode-sequence designs have negative effects on overall response rates. Wolf 
et al. (2021) reported a higher response rate with a concurrent design com-
pared with a sequential web-first design. Holmberg et al. (2010) found that a 
concurrent design achieved higher response rates than web-first and paper- 
only designs. Patrick et al. (2018) found that a web-first design yielded lower 
overall response rates compared with paper-only and sequential paper-first 
designs. In the 2018 recruitment round of the GIP, Cornesse et al. (2022)
tested four self-administered mode-sequence designs: concurrent, web-first, 
paper-first, and web-only. They found that the response rate for their recruit-
ment survey was highest in the concurrent design followed by the sequential 
paper-first and web-first designs. The lowest response rate was in the web- 
only design.

Previous research shows that offering respondents different ways of partici-
pating in a survey increases their likelihood of doing so. Each mode caters to 
different respondent preferences (e.g., for privacy, which may reduce their 
motivation to participate via the web) and abilities (e.g., to use a smartphone 
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or computer to participate via the web). The various mode-sequence designs 
differ in the number of options that are offered simultaneously or sequentially: 
concurrent designs offer at least two modes from the start, whereas sequential 
designs usually offer only one mode initially and further modes in subsequent 
contact attempts. Consequently, in the present study, we expect that the con-
current design will lead to a higher response rate than the two web-first 
designs, and that the web-only design will lead to a lower response rate than 
the other three designs.

There is limited research on the recruitment of participants for self- 
administered mixed-mode panel studies. As part of the 2018 GIP recruitment 
process, participants in an initial recruitment survey were invited to take part 
in a subsequent online registration survey, where they were asked for their 
consent to become a member of the online panel (Cornesse et al. 2022). To 
evaluate the success of the panel recruitment process, the authors estimated 
panel registration rates for each initial experimental group, which they defined 
as the number of completed interviews in the online registration survey div-
ided by the number of eligible cases in the gross sample of the recruitment sur-
vey. The highest panel registration rate was achieved in the web-only design, 
followed by the web-first and the concurrent designs; the paper-first design 
lagged far behind. One limitation of the study by Cornesse et al. (2022) is that 
panel registration was possible only via an online registration survey, even if 
respondents had chosen the paper-based option in the initial recruitment 
survey.

Other studies that also relied on panel data mixed interviewer-administered 
modes (i.e., face-to-face, telephone) and self-administered modes (e.g., 
Klausch et al. 2017; Mauz et al. 2018; Sakshaug et al. 2019; Lynn 2020; 
Legleye and Charrance 2021). For example, Rao et al. (2010) found that a 
sequential paper-first design with a telephone follow-up resulted in higher 
response and recruitment rates compared with a telephone-only mode. 
However, using telephone follow-up interviews impairs the generalizability of 
the results to panels recruited using only self-administered modes. Based on 
the limited body of research, we were unable to formulate clear expectations 
on how the different mode-sequence designs in our study would impact 
recruitment rates.

Approaches to assessing nonresponse error often compare survey data with 
auxiliary data from the gross sample, for example, R-indicators (Schouten 
et al. 2009); or they compare sociodemographic characteristics with reliable 
population statistics to indicate sample balance. Again, evidence is limited, 
although Gummer et al. (2022) and Cornesse et al. (2022) found that different 
self-administered mode-sequence designs led to similarly representative sam-
ples in terms of sociodemographic characteristics. Whereas both studies 
focused on the general population, we focus on a younger population (aged 
18–49 years) who are likely to be more tech savvy, and who live in Germany, 
a country with high internet penetration and smartphone coverage rates 
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(Poushter 2016; Taylor and Silver 2019). Thus, we expect no large differences 
in sample composition across the four mode-sequence designs, as most 
respondents will be able to participate via a web-based questionnaire.

The second dimension of the TSE framework is measurement. Mixed-mode 
designs face the risk of “measurement mode effects,” which may arise from 
variations in question presentation across modes that may cause systematically 
different answers to the same questions from the same respondents (de Leeuw 
2005). Previous research has shown that mode effects are more problematic 
when mixing between rather than within interviewer-administered and self- 
administered modes (Klausch et al. 2013; Cernat et al. 2016). As we compare 
mode-sequence designs that rely solely on self-administered modes, we expect 
that substantive key variables will be similarly distributed between these dif-
ferent designs.

Another indicator for measurement error is item nonresponse. A recent 
meta-analysis on item nonresponse in survey modes found it to be higher in 
paper-based questionnaires than in web-based questionnaires (�Cehovin et al. 
2023). Patrick et al. (2018) found that item nonresponse was lower in web-first 
designs than in paper-first and paper-only designs, and that it was generally 
higher in paper-based than in web-based questionnaires. We reason that com-
pleting a questionnaire via the web is less difficult for respondents, as the ques-
tionnaire is displayed in sections (on separate screens), and respondents are 
not burdened with branching instructions. Due to the lower respondent burden 
in web surveys, we expect that fewer web respondents will use item nonres-
ponse as a strategy to make the response process easier (e.g., Olson et al. 
2018; Silber et al. 2021). In mode-sequence designs that elicit a higher share 
of paper-based questionnaires (see below), more item nonresponse should 
occur. Consequently, we expect item nonresponse to be highest in the concur-
rent design, followed by the two web-first designs and the web-only design.

Mixing modes means respondents have different ways of answering ques-
tions (i.e., using web-based or paper-based questionnaires). Mode sequence 
has been shown to impact the share of respondents in each mode. Patrick et al. 
(2018) reported that a web-first design encouraged participation via the web, 
which Holmberg et al. (2010) and Wolf et al. (2021) also found to be substan-
tially higher in a web-first than in a concurrent design. We reason that this is 
simply the result of offering respondents the chance to participate in these 
modes: If parts of the sample have already been pushed to web in earlier con-
tacts in a sequential design, fewer invitees are later offered the possibility to 
use a paper-based questionnaire. Based on this reasoning and on existing evi-
dence, we expect the concurrent design to result in a higher share of paper- 
based questionnaires than the web-first designs.

Finally, the lack of research on recruiting participants for self-administered 
mixed-mode panel studies is compounded by a general lack of research on sur-
vey costs. As argued by Olson et al. (2021), considering survey costs is impor-
tant, as they constrain survey design and operation decisions (e.g., incentive 
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amount, number of postal mailings, use of paper-based questionnaires). 
Although cost calculations are seldom comparable, the share of paper-based 
questionnaires is one of the main cost drivers, and web-intensive mode- 
sequence designs have thus been shown to be more cost-efficient (Holmberg 
et al. 2010; Patrick et al. 2018; Gummer et al. 2022). In the present study, 
depending on how often paper-based questionnaires are sent to invitees, we 
expect the concurrent mode-sequence design to be more expensive than the 
two web-first designs, and the two web-first designs to be more expensive than 
the web-only design.

3. METHODS AND EXPERIMENTAL DESIGN

3.1 Data

We implemented an experiment on mode-sequence designs in the 2021 
recruitment wave of “Family Research and Demographic Analysis” 
(FreDA)—The German Family Demography Panel Study, a new data infra-
structure project in Germany (Schneider et al. 2021). Data for the present 
study come mainly from the first recruitment wave (W1R) of FReDA, in 
which 37,783 respondents participated in a short survey of approximately 
10 minutes (Bujard et al. 2022). Replication materials are available at: https:// 
doi.org/10.7802/2648. A Preferred Reporting Items for Complex Sample 
Survey Analysis (PRICSSA) checklist (Seidenberg et al. 2023) is provided in 
table A1 in the supplementary data online.

FReDA is designed as a probability-based self-administered mixed-mode 
panel study with biannual surveys using both web-based and paper-based 
questionnaires. The two-stage sampling procedure for FReDA started in 2020 
by drawing a stratified random sample comprising 320 sampling points in 268 
municipalities. This selection process followed a probability-proportional-to- 
size (PPS) sampling approach considering the municipality’s population aged 
18–49 years. In the second stage, addresses were randomly selected from each 
sampling point. In the case of household duplicates—that is, more than one 
person from the same household—one person was randomly selected and the 
other was excluded. To account for individuals’ unequal inclusion probabil-
ities, design weights calculated as the inverse of the inclusion probability are 
provided. The sampling procedure resulted in a gross sample of N¼ 108,256. 
To avoid potential regional bias, the experimental groups within each sam-
pling point were randomized.

In April 2021, invitation letters were sent by postal mail to the entire gross 
sample. In addition to the invitation letter and accompanying information for 
respondents (e.g., study flyer and privacy information), the mailings also 
included an unconditional prepaid incentive of e5. The mailings were identical 
in all experimental groups, except that, depending on the mode-sequence 
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design, a paper-based questionnaire was enclosed and mentioned in the invita-
tion letter. During the field period, up to three reminder letters were sent by 
mail at 2-week intervals to all invitees who had not participated by that time. 
The number of reminder letters depended on the different mode-sequence- 
design strategies in each experimental group (see below). W1R was fielded 
from April 7, 2021, to June 25, 2021.

The questionnaire in W1R was specifically designed for the purpose of 
recruiting respondents for the FReDA panel. Thus, it was kept short (duration 
approximately 10 minutes) and included key sociodemographic questions 
(e.g., age, gender, family status, nationality), as well as 27 questions deemed 
interesting and motivating for participants. The W1R questionnaire concluded 
with a question asking respondents for their consent to be contacted again as 
part of the FReDA panel.

All 26,725 respondents who gave their panel consent in W1R were invited 
to participate in the first regular wave of the FReDA panel (W1A). In W1A, 
respondents were offered a web-based and paper-based questionnaire in a 
“tailored” mode-sequence design. In brief, “tailored” means that respondents 
in W1A were assigned to the respective mode-sequence designs depending on 
which mode they had chosen in W1R (see section 3.1 for a detailed explana-
tion). W1A followed soon after W1R and was fielded between July 7, 2021, 
and September 14, 2021.

3.2 Experimental Design

Our recruitment experiment comprised three randomized experimental groups 
and one simulated group, each representing a distinct mode-sequence design.  
Figure 1 provides an overview of our experimental design. Regardless of the 
group, all invitation letters and all reminder letters included a web link and QR 
code to access the web-based questionnaire.

The first experimental group (“concurrent” design) received an invitation 
letter with an enclosed paper-based questionnaire and a stamped return enve-
lope. Two weeks later, invitees (who had not yet participated in the survey) 
received a first reminder letter, without a paper-based questionnaire. Four 
weeks after the initial invitation letter, those invitees who had still not 
responded received a second reminder letter. This time, the paper-based ques-
tionnaire was enclosed again.

In the second and third experimental groups, we implemented two variants 
of a sequential web-first design. The second experimental group (“web-first-2” 
design) received an invitation letter and two reminder letters. The paper-based 
questionnaire was enclosed only with the second reminder letter and was men-
tioned neither in the invitation letter nor in the first reminder letter.

The third experimental group (“web-first-3” design) received an invitation 
letter and three reminder letters. Respondents received the third reminder letter 
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6 weeks after the initial invitation letter if they had not participated by then. 
The paper-based questionnaire was enclosed only with the third reminder let-
ter and was not mentioned in the previous letters. Thus, in the web-first-3 
design, even more effort was made to push respondents to the web than in the 
web-first-2 design. However, the web-first-3 group also received a larger num-
ber of mailings (i.e., treatments) than the other groups, which limits compara-
bility somewhat.

We simulated a fourth group (“web-only” design), which comprised those 
respondents from the third experimental group who had received the initial 
invitation letter and up to two reminder letters. Respondents who received a 
third reminder letter with an enclosed paper-based questionnaire were 
excluded from the simulated group and treated as noncontacts. The simulated 
group therefore allows us to make statements about what the results would 
have looked like with a purely web-based recruitment approach and a short-
ened but still realistic field period of 6 weeks. Due to the simulation approach, 
the respondents in the simulated group are a subset of our third experimental 
group. This must be considered in the analyses.

Based on experiences reported in a previous experimental study in 
Germany (Wolf et al. 2021; Gummer et al. 2022), we expected the web-first-2 
design to perform best in terms of the trade-off between the share of paper- 
based questionnaires, response rates, survey costs, and survey errors. 
Therefore, members of the gross sample were randomly allocated to one of the 
three experimental groups (concurrent, web-first-2, web-first-3) in a ratio of 
1:2:1.

From W1A (i.e., the first regular wave) onward, FReDA implemented a 
“tailored” mode-sequence design (see figure A1 in the supplementary data 
online). Respondents who returned a paper-based questionnaire in W1R were 
assigned to the concurrent group in W1A. Web respondents who were in the 
concurrent group in W1R were transferred to the web-first-2 group in W1A. 
All other respondents remained in their initial groups. Because of this tailor-
ing, we compare only the cumulative response rates in W1A and do not com-
pare any other outcome measures.

3.3 Measures

We used a variety of measures to investigate differences among the three 
experimental groups and the simulated group with respect to key performance 
indicators, such as survey outcome rates in W1R and W1A and the share of 
paper-based questionnaires, data quality, sample composition, survey costs, 
and fieldwork effort in W1R. To determine statistical significance, we per-
formed independent sample t-tests for all comparisons, except for comparisons 
between the web-first-3 group and the simulated web-only group. For these, 
paired t-tests were performed, as mean values of the same individuals were 
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compared at two points of time (i.e., after 6 weeks and after 11 weeks). When 
we use the term “all differences significant,” we mean that all possible com-
parisons between the groups were significant at the p < .01 level.

We used a set of indicators to measure survey outcomes. First, we calcu-
lated the response rate in the experimental groups and the simulated group for 
the recruitment wave W1R (American Association for Public Opinion 
Research [AAPOR] Response Rate 2; see American Association for Public 
Opinion Research [AAPOR] 2023). Completed cases include respondents 
who completed the questionnaire fully or partially (at least 50 percent). Our 
adaptation of the AAPOR final disposition codes for Germany can be found in 
table A2 in the supplementary data online. The panel consent rate was com-
puted as the number of participants who completed the W1R questionnaire 
and gave their consent to be surveyed again (panel consent) divided by all 
completed cases in W1R. The panel consent question was identical in the web 
and paper modes (for the wording see table A2 in the supplementary data 
online).

To compute the recruitment rate, the number of participants who completed 
the W1R questionnaire and gave their consent to be surveyed again was div-
ided by the number of all persons who received an invitation letter to partici-
pate in W1R. Hence, the recruitment rate represents the total number of cases 
that gave their panel consent, regardless of whether they answered the ques-
tionnaire completely or partially, or broke off the questionnaire (i.e., answered 
less than 50 percent of essential questions). The formulas for all response rates 
can be found in table A3 in the supplementary data online. The cumulative 
response rate was computed as the number of respondents who completed the 
W1A questionnaire divided by the number of respondents who received an 
invitation letter to participate in W1R. We estimated the cumulative response 
rate based on respondents' initial experimental group assignment in W1R. 
Cases coded as “non-contacts” in the web-only group in W1R were also coded 
as “non-contacts” in W1A.

Second, we computed the share of paper-based questionnaires as the pro-
portion of respondents among all completed cases who participated via the 
paper-based questionnaire in W1R. Third, we calculated the share of no 
answers as the proportion of eligible questions (N¼ 66) left unanswered in 
W1R (“don’t know” responses were possible for 7 questions and were consid-
ered valid answers; administrative data and questions relating to the survey 
itself were excluded from the analysis). There was no forced response in the 
web-based questionnaire.

Fourth, following prior studies (e.g., Gummer 2019; Gummer and 
Roßmann 2019) that used dissimilarity indices to assess differences between 
the composition of the survey sample and reference distributions, we calcu-
lated Duncan’s dissimilarity index (Duncan and Duncan 1955) for a set of key 
demographic variables: age, gender, education, employment status, household 
income, marital status, household size, nationality, and number of inhabitants 
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in the municipality. We used the German Microcensus 2020 to derive refer-
ence distributions for the variables of interest. Duncan’s dissimilarity index 
can be interpreted as the percentage of cases that would have to be redistrib-
uted to other categories of a variable in order to match the reference distribu-
tion. It is calculated as follows: 

D ¼
1
2

Xn

i¼1

si � rij j;

where n is the number of categories, si is the share of category i in the sample 
of interest (FReDA), and ri is the share of category i in the reference sample 
(i.e., German Microcensus 2020). It should be noted that the dissimilarity 
index is not a directional measure and does not indicate where differences 
exist between categories. For this analysis, we excluded missing categories for 
each variable to compare our net data with the reference sample and thus 
reveal potential bias. Our conclusions are based on a comparison of the magni-
tude of differences in the dissimilarity index and, wherever necessary, on 
detailed comparisons presented in tables A4–A12 in the supplementary data 
online, where we display differences between the respective samples in the 
experimental groups and the German Microcensus 2020 for all variables of 
interest. A weighted analysis of sample composition is presented in table A13 
in the supplementary data online.

Fifth, to assess differences in distributions of substantive responses, we cal-
culated mean values and variances (with their respective confidence intervals) 
across the experimental groups and the simulated group for all substantive var-
iables in the questionnaire that were measured with rating scales (n¼ 27 items; 
see table A14 in the supplementary data online for the respective question 
texts). These items cover various satisfaction variables, gender values, inter-
generational values, COVID-19 variables, and subjective household income. 
For comparability, we rescaled all questions to range from 0 to 1. A weighted 
analysis of the item means is presented in figures A7 and A10 in the supple-
mentary data online.

Sixth, to provide a comparable indication of survey costs, we calculated 
fieldwork effort and postage costs. As an indicator of fieldwork effort, we first 
estimated the total number of letters sent (initial invitation letter and all 
reminders) for the experimental groups and the simulated group. To compare 
the fieldwork effort in the different mode-sequence designs, the different gross 
sample sizes and outcome rates of the groups had to be considered. For this, 
we calculated the total number of letters sent per completed case and standar-
dized the indicator using the concurrent group as the reference category.

To compute postage costs, the postage rates charged by the German postal 
service, Deutsche Post, in 2021 were used. These postage rates were multi-
plied by the number of letters sent (distinguishing between standard and large 
letters and including the number of returned paper-based questionnaires) and 
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then added up to provide the overall postage costs. Next, we estimated the 
postage costs per complete case, and again we standardized the indicator using 
the concurrent group as the reference category.

Postage costs were chosen as an indicator for describing survey costs for 
several reasons. First, they are one of the main drivers of costs in self- 
administered surveys that invite participants via postal mail. Second, they are 
a good proxy for potential savings, as they are one of the most important fac-
tors determining differences in costs between mode-sequence designs. The 
third reason is comparability. Whereas the actual costs of printing, program-
ming, and data collection vary by survey design and sample size, current post-
age rates are readily available to everyone and can be applied easily to other 
survey contexts.

4. RESULTS

4.1 Survey Outcome Rates

Table 1 displays the outcome rates with the respective confidence intervals for 
W1R and W1A. We started by comparing response rates in W1R between the 
experimental groups and the simulated group (top row).

We found that the concurrent design had the highest response rate (37.4 per-
cent), the web-first-2 design (33.6 percent) and the web-first-3 design (35.1 
percent) took intermediate positions, and the web-only design (30.4 percent) 
had the lowest response rate (all differences significant at p < .01). Although 
the web-only design achieved the lowest response rate, it was still surprisingly 
high, considering the simulated—and thus shortened—field period of 6 weeks. 
In the web-first-3 design, offering a paper-based questionnaire with an addi-
tional third reminder letter increased the response rate of the web-only group 
by 4.7 percentage points to 35.1 percent. The comparison of the web-first-3 
with the web-first-2 design, by contrast, shows a difference in response rates 
of only 1.5 precentage points, which casts doubt on whether sending an addi-
tional reminder letter is justified. In figure A2 in the supplementary data 
online, we illustrate the response rates after a field period of 2, 4, 6, and 
11 weeks.

To address our second research question on how mode-sequence designs 
are related to panel outcomes, we explored panel consent rates and recruitment 
rates in W1R, as well as cumulative response rates in W1A. Considering the 
panel consent rates in W1R (row 2 in table 1), the pattern observed for the 
response rates appears to be reversed, leading to a reduction in group differen-
ces. At 74.3 percent, the web-only design achieved the highest panel consent 
rate compared with all other groups (differences significant at p < .01). The 
web-first-2 design again took an intermediate position (71.0 percent), followed 
closely by the web-first-3 design with a panel consent rate of 70.3 percent, and 
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the concurrent design with the lowest panel consent rate of 68.8 percent (dif-
ferences between these three groups were not statistically significant, except 
for the web-first-2 design and the concurrent design, which are significant at p 
< .01). This pattern appears to be related to the mode of participation, as the 
panel consent rate was considerably higher in the web mode than in the paper 
mode, although the consent question was identical in both modes. Whereas 
across all groups, 74.0 percent of the respondents who participated via the 
web-based questionnaire gave their panel consent, only 55.3 percent of 
respondents who completed the paper-based questionnaire gave their panel 
consent (difference significant at p < .01; see also figure A3 in the supplemen-
tary data online).

A look at the recruitment rate in W1R (row 3 in table 1) reveals a similar 
pattern to the response rate. The concurrent design performed best, with a 
recruitment rate of 25.8 percent, followed closely by the web-first-3 design 
with 24.8 percent and the web-first-2 design with 24.0 percent, whereas the 
web-only design yielded the lowest recruitment rate with 22.7 percent (all dif-
ferences significant at p < .01). Offering a paper-based questionnaire in a 
fourth contact in the web-first-3 design resulted in an increase in the 

Table 1. Response Rates, Recruitment Rates, and Panel Consent Rates with 95 
Percent Confidence Intervals

Concurrent Web-first-2 Web-first-3 Web-only
Rate Mean Mean Mean Mean

[95% CI] [95% CI] [95% CI] [95% CI]

AAPOR Response  
Rate 2 (W1R)

37.40a,b,c 33.60a,d,e 35.10b,d,f 30.36c,e,f

[36.83; 37.98] [33.20; 34.00] [34.54; 35.67] [29.82; 30.91]
Panel consent  

rate (W1R)
68.80a,c 71.03a,e 70.26f 74.32c,e,f

[67.90; 69.71] [70.37; 71.69] [69.34; 71.18] [73.38; 75.27]
Recruitment rate  

(W1R)
25.84a,b,c 24.04a,d,e 24.83b,d,f 22.71c,e,f

[25.31; 26.36] [23.68; 24.40] [24.31; 25.34] [22.21; 23.21]
Cumulative  

AAPOR Response  
Rate 2 (W1A)

21.20a,c 19.70a,d 20.92d,f 19.60c,f

[20.71; 21.69] [19.36; 20.03] [20.44; 21.41] [19.12; 20.07]

NOTE.—Statistical significance observed at the p < .01 level is based on independent 
sample t-tests for the following comparisons:
aConcurrent versus web-first-2.
bConcurrent versus web-first-3.
cConcurrent versus web-only.
dWeb-first-2 versus web-first-3.
eWeb-first-2 versus web-only.
fPaired t-tests were performed for the comparisons between web-first-3 versus web- 
only (reported at the p < .01 level).
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recruitment rate of 2.1 percentage points compared with the simulated web- 
only group.

Finally, if we look at the cumulative response rate in W1A (row 4 in  
table 1), we find that the initial advantage of the concurrent design has been 
diminished. The concurrent and web-first-3 designs yielded similar cumulative 
response rates of 21.2 percent and 20.9 percent, respectively, followed by the 
web-first-2 (19.7 percent) and the web-only design (19.6 percent). Differences 
between the concurrent and web-first-3 designs were both significantly differ-
ent from the web-first-2 and web-only designs at p < .01. In the web-first-3 
design, the paper-based questionnaire with a third reminder letter resulted in 
an increase of 1.3 percent in the cumulative response rate compared with the 
web-only design (difference significant at p < .01). Looking at the two mode- 
sequence designs with the largest initial differences in response rates in W1R, 
the initial superiority of the concurrent design over the web-only design in the 
response rate in W1R has shrunk from 7 percentage points to just 1.6 percent-
age points in the cumulative response rate in W1A. This reduction in the dif-
ferences between the two mode-sequence designs was due primarily to the 
significantly higher consent rate in W1R in the web-only design. The conver-
gence of cumulative response rates in W1A between the concurrent design on 
the one hand and the web-first-2 and web-first-3 designs on the other was 
similar.

4.2 Share of Paper-Based Questionnaires

We investigated whether and to what extent different mode-sequence-design 
strategies resulted in different shares of paper-based questionnaires in each 
group. We found that the concurrent design resulted in 46.7 percent of the par-
ticipants completing the paper-based questionnaire, whereas the web-first-2 
and the web-first-3 designs led to much lower shares of paper-based question-
naires (8.6 and 11.3 percent, respectively; differences significant at p < .01; 
see figure A4 in the supplementary data online). Based on this metric—and 
apart from a web-only design, where the share of paper-based questionnaires 
is 0 percent by design—a web-first-2 and a web-first-3 design are clearly pref-
erable to a concurrent design when it comes to increasing the share of respond-
ents who participate via a web-based questionnaire. On the other hand, 
compared with the web-first-2 design, our web-first-3 design pushed only a 
marginally larger percentage of respondents to the web-based questionnaire 
(þ2.6 percentage points; difference significant at p < .01).

4.3 Data Quality

Overall, the share of no answers in W1R was low, which may also reflect our 
deliberate effort to provide a short, easy, and interesting questionnaire in 
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W1R. However, important differences were observed between the groups: the 
concurrent design yielded the highest share of no answers (2.4 percent), fol-
lowed by the web-first-2 (1.4 percent) and the web-first-3 designs (1.3 per-
cent). At 0.9 percent, the web-only design achieved the lowest share of no 
answers (all differences significant at p < .01, except in the web-first-2 and 
web-first-3 designs; see figure A5 in the supplementary data online with the 
average share of no answers across all substantive variables included in W1R). 
The share of no answers was generally larger for paper-based questionnaires 
(4.5 percent) than for web-based questionnaires (0.9 percent; differences sig-
nificant at p < .01; see figure A6 in the supplementary data online). As 
described above, the concurrent design had the highest proportion of respond-
ents who completed the paper-based questionnaire. Therefore, the higher share 
of no answers in the concurrent design is likely due to this high proportion of 
no answers in the paper-based questionnaires. Thus, paper-based question-
naires have a lower data quality as measured by the share of no answers, which 
also has a negative effect on the data quality of the concurrent design.

4.4 Sample Composition

We assessed the magnitude of differences between the sample composition of 
the mode-sequence-design groups and reference distributions for a set of key 
demographic variables (see table 2). For this purpose, we calculated Duncan’s 
dissimilarity index. We found only tiny differences in sample composition 
between the mode-sequence designs for employment status, marital status, and 
urbanity. We found small differences for gender, with the concurrent design 
attracting slightly more female participants, thus moving the proportion farther 
from the benchmark (see table A4 in the supplementary data online). We also 
found small differences for age, with the concurrent design showing smaller 
deviations from the reference distribution for those aged 35–40 and 45– 
50 years (see table A5 in the supplementary data online). Similarly, we found 
a small difference in education, with the concurrent design representing 
International Standard Classification of Education 2011 Levels 3 and 4 slightly 
better than the other mode-sequence designs (see table A6 in the supplemen-
tary data online). Regarding household income, the web-first-3 design per-
formed marginally better compared with the other designs, as deviations from 
the reference distribution were smaller in high- and low-income categories 
(see table A8 in the supplementary data online). Regarding household size, 
one-person households were better represented in the web-first-3 and web- 
only designs than in the other mode-sequence designs (see table A10 in the 
supplementary data online). Finally, a small difference appears to exist for 
nationality between the concurrent design and the other designs. However, a 
comparison of the eight nationality categories in table A11 in the supplemen-
tary data online reveals no clear picture and only minimal fluctuations.
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In summary, we conclude that no substantial differences exist between the 
experimental groups across a range of sociodemographic variables. Moreover, 
the simulated web-only design performed equally well, which indicates that 
offering an additional paper-based questionnaire did not improve the sample 
composition for our relatively young sample (aged 18–49 years). A weighted 
analysis of the sample composition led to the same conclusions (see table A13 
in the supplementary data online).

4.5 Substantive Outcomes

Turning to the substantive outcomes in W1R, we compared mean values and 
variances between the experimental groups and the simulated group (see fig-
ures 2 and 3; detailed values are provided in tables A15 and A16 in the supple-
mentary data online). Regarding means, we found no substantial differences 
between the groups, even though a range of variables were covered in the anal-
ysis (i.e., life satisfaction, relationship satisfaction, satisfaction with employ-
ment status, experiences during the COVID-19 pandemic, family values, 
gender values, and care values). The application of the design weights led to 
the same results (see figure A7 in the supplementary data online). Similarly, 
we found no substantial differences in variances between groups. 
Consequently, the different mode-sequence designs did not affect the means 
and variances of the variables analyzed.

As a further robustness test, we also investigated differences in mean values 
between the web and paper modes across the experimental groups and the simu-
lated group (see figure A8 in the supplementary data online). Although there 
were small differences on a few variables, point estimates were still very close. 
Hence, researchers would likely come to the same conclusions, regardless of sur-
vey mode. Turning to variances in the variables of interest (see figure A9 in the 

Table 2. Sample Composition of the Experimental Groups and the Simulated 
Group for Key Demographic Variables Calculated Using Duncan’s Dissimilarity 
Index

Variable Concurrent Web-first-2 Web-first-3 Web-only

Gender 0.065 0.058 0.057 0.052
Age group 0.019 0.025 0.023 0.028
Education level 0.161 0.175 0.171 0.178
Employment status 0.052 0.051 0.054 0.054
Household income 0.055 0.050 0.039 0.052
Marital status 0.040 0.042 0.041 0.036
Household size 0.064 0.063 0.057 0.056
Nationality 0.123 0.115 0.111 0.111
Urbanity 0.040 0.036 0.039 0.039
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supplementary data online), we found slightly more variation in the paper-based 
questionnaires compared with the web-based questionnaires. However, when 
considering the direction of means, we found no systematic pattern as to which 
variables showed differences between the web mode and the paper mode. Here 
too, the application of design weights led to the same results regarding the item 
mean values (see figure A10 in the supplementary data online).

4.6 Survey Costs and Fieldwork Effort

The different mode-sequence designs used in FReDA recruitment wave W1R 
resulted in different survey costs and fieldwork effort. As stated earlier, post-
age costs were a main cost driver. They varied systematically by group: first, 
they varied substantially depending on whether a paper-based questionnaire 
was enclosed. Sending or receiving a paper-based questionnaire required a 
large letter (e1.55), which is almost twice as expensive in terms of postage as 
sending a standard letter (e0.80). Second, the number of reminder letters dif-
fered between the groups. Because the number of reminder letters affects the 
number of postal mailings, the fieldwork effort also varied depending on the 
mode-sequence design.

Looking at the postage costs per completed case in table 3, the concurrent 
design was the most costly, as a paper-based questionnaire was sent to invitees 
twice using large letters—with the initial invitation letter and the second 
reminder letter—depending on participation behavior. Furthermore, the 
concurrent design also led to the highest number of returned paper-based ques-
tionnaires, which further increased postage costs. In the web-first-2 design— 
where the paper-based questionnaire was sent only with the second reminder, 
and where we received back substantially less letters with paper-based ques-
tionnaires—postage costs per completed case were about 18 percent lower 
than in the concurrent design.

Interestingly, due to the additional third reminder letter with the paper- 
based questionnaire, postage costs per completed case in the web-first-3 design 
were similar to those in the concurrent design (92 percent of the postage costs 
in the concurrent design). The web-only design was the least expensive—post-
age costs per completed case were 71 percent of those in the concurrent 
design. However, the web-only design, and even more so the web-first-3 
design, required the highest number of postal mailings per completed case, 
especially compared with the concurrent design.

5. CONCLUSIONS

With the present study, we set out to investigate how best to recruit a self- 
administered mixed-mode panel study. In an experiment implemented in the 
recruitment wave of the German panel study FReDA (W1R), we tested three 
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different mode-sequence designs—concurrent, web-first including a paper- 
based questionnaire with the second reminder (web-first-2), and web-first 
including a paper-based questionnaire with the third reminder (web-first-3)— 
as well as a fourth, simulated web-only design. We examined the effects of 
different mode-sequence designs in W1R and the first regular wave (W1A). 
To evaluate the performance of the different mode-sequence designs, we ana-
lyzed a comprehensive set of key performance indicators of relevance when 
setting up panel studies. Concerning sample composition and substantive out-
comes, we found only small deviations from the reference distributions across 
a range of sociodemographic variables, and no differences (in means and var-
iances) in distributions of substantive responses, which can be considered the 
parameters that matter most to users of panel data.

As expected from previous findings, the web-first-2 design performed well. 
However, when all key performance indicators were considered, the web-only 
design proved to be an equally viable recruitment strategy for the FReDA tar-
get group (18–49-year olds). Both designs yielded comparatively good 
response and recruitment rates at reasonable survey costs.

By contrast, the concurrent design was less cost-efficient but resulted in 
more cases participating in W1R, making it potentially more attractive for 
cross-sectional surveys when judged by the response rate. However, this sub-
stantial initial advantage in terms of participation (especially compared with 
the web-only design) largely diminished in the context of the FReDA panel 
study because of the lower panel consent rate in the concurrent design (espe-
cially among respondents who used the paper-based questionnaire) and a 
sharper decline in participation rates in W1A. This puts the concurrent design 
on par with the web-first-3 design with respect to the cumulative response rate 
in W1A, while still being ahead of the web-first-2 and web-only designs by a 
small margin. However, the concurrent design resulted in a huge share of 
paper-based questionnaires, which we found to be associated with lower data 
quality in terms of no answers. This significantly limits the recommendation 
of the concurrent design. Furthermore, based on our findings, we prefer the 
web-first-2 design over the web-first-3 design, as the small gains in participa-
tion in the latter do not justify the substantial increase in survey costs and field-
work effort.

Our study has some clear messages for survey-based demographic research 
and the recruitment of participants for a self-administered mixed-mode panel 
study using web-based and paper-based questionnaires. First, given how well 
the web-first-2, web-first-3, and web-only designs performed, it seems worth-
while to step up efforts to adapt existing survey programs to web-based sur-
veying and to benefit from the use of web-based questionnaires. In contrast to 
paper-based questionnaires, web-based questionnaires are more flexible in 
terms of (i) the inclusion of audio-visual content; (ii) the use of dependent 
interviewing to reduce response burden and increase data quality; (iii) the 
implementation of (survey) experiments to facilitate causal analyses; and (iv) 
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the use of complex filters and branching to tailor the questionnaire to sub-
groups (Couper and Bosnjak 2010).

Second, our study highlights the fact that designing a survey—especially a 
complex panel study—involves trade-offs between different aspects deemed 
relevant by the researchers. Notably, we found that the performance of the 
mode-sequence designs differed profoundly in terms of survey outcome rates, 
survey costs, and fieldwork effort.

Third, survey costs remain understudied in survey research (Olson et al. 
2021), which is unfortunate as costs are an important constraint when it comes 
to making design decisions. This lack of information is probably also due to a 
lack of comparability of cost structures across different settings. The calcula-
tion of postage costs provided in the present study can easily be applied to 
other survey contexts and should serve as a good indication for overall differ-
ences between the designs. However, we were not able to neatly distinguish 
other costs. Nonetheless, it can be safely said that by adopting a web-only 
design, costs can be further reduced, as there is no need to create a paper- 
based questionnaire, no need to input the returned questionnaires, and no need 
to harmonize and integrate data sets from web-based and paper-based data 
collections.

Our study has several limitations. First, we would caution that our results 
are probably not generalizable to population-wide surveys, as we targeted only 
people aged 18–49 years. There is evidence for Germany that when offered a 
choice between a web-based and a paper-based questionnaire, older age 
groups are more likely to choose the paper-based option (Wolf et al. 2021). In 
our view, it would be worthwhile studying how different mode-choice designs 
can be combined for different (age) groups. A more widespread implementa-
tion of the adaptive survey design paradigm (Wagner 2008; Schouten et al. 
2018) would be an important step forward.

Second, the fact that our findings are based only on German data might 
impair their generalizability to other contexts. We would welcome replication 
studies in other countries to gather insights into structural and contextual dif-
ferences (e.g., internet penetration rate or smartphone coverage rates) that 
facilitate the use of specific mode-sequence designs.

Third, we compared only a limited number of mode-sequence designs, and 
the employed designs differed both in terms of fieldwork duration and the 
number of reminder letters sent. On the one hand, the simulated web-only 
group was evaluated based on a shortened field period of 6 weeks, so slightly 
higher response and recruitment rates can be expected with a longer fieldwork 
duration. On the other hand, the web-first-3 group received a larger number of 
mailings than the other groups. Thus, increasing the number of reminder let-
ters sent in the concurrent and the web-only designs to three might increase 
response and recruitment rates. Ideally, our experiment would have also 
included a paper-only group, but we dismissed this option as too expensive. 
Due to the possibility of respondents self-selecting into the different modes, 
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mode effects cannot be clearly distinguished from composition effects. For 
this reason, we compared only the mail mode with the web mode in the sup-
porting analysis.

Fourth, we focused on the recruitment process for a family demography 
panel study and also evaluated participation in the first regular wave after 
recruitment. Panel studies are designed for long-term data collection, and it 
seems worthwhile to conduct further analyses that cover longer periods of 
time. Because FReDA has adopted a “tailored” design—thereby reacting to 
respondents’ mode preferences and altering offered mode choices accord-
ingly—an experimental comparison across multiple waves was not possible.

Supplementary Materials

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