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Abstract. Employee panel surveys, which are essential for measuring ongoing labor market developments, are facing significant
challenges of respondent recruitment and retention. Even interviewer-administered panel surveys, historically considered the gold
standard form of data collection, are facing high costs and nonresponse issues that threaten their sustainability and inferential
capabilities. Supplementing interviewer-administration with online data collection is a popular method of reducing costs and may
improve contactability and reduce nonresponse in employee surveys. However, the effects of introducing online data collection in
an ongoing panel survey of the employed population have received little attention. We address this research gap by analyzing a
mode design experiment embedded in the fourth wave of a German employee panel survey. Individuals were randomly assigned to
the standard telephone-only design, or a sequential web-telephone mixed-mode design. An invitation letter experiment was also
conducted to test the effect of mentioning the telephone follow-ups in the web survey invitation. Introducing the mixed-mode
design led to a higher response rate (59.9% vs. 50.1%), similar levels of nonresponse bias, and lower costs compared to the
single-mode design. Mentioning the telephone follow-ups had no effect on participation in the web starting mode or the full
mixed-mode design. Implications of these findings for survey practice are discussed.
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1. Introduction

As a nation’s economic success depends on its em-
ployed population, many developed nations and re-
search institutions conduct employee panel surveys that
follow the same employees over time and measure
individual-level changes in their attitudes, behaviors,
and working conditions [1,2]. Examples of large em-
ployee panel surveys are the Labour Force Surveys of
Canada [3], the UK [4], the European Union, candi-
date and European Free Trade Association nations [5],
and the Further Training as a Part of Lifelong Learn-
ing study in Germany [6]. Employee panel surveys are
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often collected for purposes of industry classification,
comparisons between and within nations, and political
decision-making [7]. Such surveys have gained increas-
ing importance in employment research [8–10], espe-
cially due to shifts in labor market behavior caused by
the COVID-19 pandemic [11,12].

However, a major concern of panel surveys is non-
response and attrition, which reduce sample sizes and
can lead to biased estimates if respondents differ from
nonrespondents on the key survey variables [13]. As
nonresponse accumulates over time, the risk of non-
response bias increases, highlighting the importance
of strategies to minimize nonresponse and/or attrition
in panel studies [14–17]. The mode of data collec-
tion plays a major role in panel surveys. Historically,
interviewer-administered modes (e.g. telephone, face-
to-face) have been the gold-standard mode for max-
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imizing recruitment and retention in panel surveys.
However, with rising survey costs and the difficulty of
reaching certain subgroups – including employed in-
dividuals – interviewer-administered modes are often
supplemented (or replaced) with less-expensive, self-
administered modes, such as web surveys [18–20].

In the context of employee panel surveys, there
are multiple reasons why supplementing or replacing
interviewer-administration with online data collection
may be advantageous. First, for telephone panel sur-
veys, panelists without a valid telephone number (due
to number change or telephone disconnection) but with
a known postal (or email) address can continue to be
reached (e.g., by invitation letter with accompanying
login information for the online survey) as opposed
to being excluded due to the inability of establishing
telephone contact. It might also be possible to match
panelists with unknown telephone number to official
telephone lists, however, the amount of listed telephone
numbers (mobile and landline) has decreased rapidly
over the years and listed numbers are likely to be selec-
tive [21,22].

Second, introducing a web mode offers greater flex-
ibility to panelists, especially those who are busy and
work full-time, enabling them to complete the survey at
their own convenience. Panelists who work on internet-
enabled computers or other devices as part of their em-
ployment duties may even prefer to complete the web
survey during business hours (e.g. during their lunch
break), which saves time for other activities outside of
work.

On the other hand, transitioning to online data
collection in the middle of an ongoing panel sur-
vey may also have drawbacks. For example, panelists
have become accustomed to being interviewed in their
usual interviewer-administered mode and do not antic-
ipate this changing in the future. In fact, interviewer-
administration may have been the primary motivator for
initially joining the panel and continuing to participate.
Thus, it may come as a shock when they are pushed
to the web as part of a cost-cutting move, which may
reduce their motivation to participate further. Offering
a sequential mixed-mode design in which web nonre-
spondents are followed up with the original interviewer-
administered mode may mitigate the risk of nonre-
sponse during the transition, although this may depend
on whether panelists are explicitly informed from the
outset that their usual interviewer mode will be offered
later if they do not engage with the web mode.

Against this backdrop, the current study assesses the
initial effects of transitioning from telephone-only to

online and mixed-mode data collection on participa-
tion in an ongoing national employee panel survey in
Germany. Specifically, we report the results of a mode
design experiment in which panelists in the fourth wave
of the survey were randomly assigned to the traditional
telephone-only design, or a sequential mixed-mode de-
sign with web starting mode and telephone follow-
ups. A random subsample of employees assigned to
the mixed-mode design were also explicitly informed
about the planned telephone follow-ups in the invita-
tion letter to determine whether this knowledge affected
their participation in the survey. In addition to assessing
response rate effects, we utilize rich administrative data
to assess the impacts of introducing the mixed-mode
design on nonresponse bias and explore whether certain
subgroups (e.g. full-time workers) differentially partic-
ipate in the web starting mode and the full sequential
mixed-mode design relative to the telephone-only de-
sign. Potential cost savings are also assessed. Specifi-
cally, we address the following research questions:

1. Does mentioning the planned telephone follow-
ups in the invitation letter affect web take-up rates
and participation in the mixed-mode design?

2. Does switching from a single-mode telephone de-
sign to a sequential web-telephone mixed-mode
design in an ongoing employee panel survey affect
response rates in the initial wave of the switch?

3. Are there differences in nonresponse bias between
the telephone-only design and either the a) the
web starting mode or b) the full sequential web-
telephone mixed-mode design?

4. Does the likelihood of participation vary for spe-
cific employee subgroups (e.g. full-time workers)
across both modes and mode designs?

5. Does the mixed-mode design yield potential cost
savings (on a per-respondent basis) relative to the
single-mode design?

2. Background

2.1. Mixed-mode panel surveys

Panel surveys gained increasing importance at a time
when interviewer-administration was the primary data
collection method. Many panel surveys introduced dur-
ing these times continue to use telephone or face-to-
face interviewing as their primary mode of data col-
lection. Examples include the Panel Study of Income
Dynamics (PSID) [23], the German Socio-Economic
Panel (SOEP) [24], and the Swiss Household Panel
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(SHP) [25], although some panels were forced to scale
back certain forms of interviewer-administration (e.g.
face-to-face interviewing) to comply with lockdown
restrictions imposed during the COVID-19 pandemic
[12,26–28].

Unlike face-to-face panel surveys, telephone panel
surveys have had to cope with several widespread tech-
nological developments, such as declining penetration
of landline telephones [29], increasing use of telephone
screening devices [30], and the rise of mobile-only
households [31]. Additionally, households may change
their phone number or disconnect their service with-
out informing the survey organization. These develop-
ments have contributed to declining telephone partic-
ipation and very low response rates in telephone sur-
veys [32,33]. To illustrate this point, response rates
of US telephone surveys conducted by the Pew Re-
search Center have declined from around 28% in 2001
to around 6% in 2018 [34].

To counter these trends, many surveys supplement
(or mix) interviewer-administration with online data
collection given high rates of internet coverage in many
countries [35,36]. A popular mixed-mode strategy is
to deploy multiple modes sequentially, typically start-
ing with the least-expensive, usually self-administered
mode, and following up initial nonrespondents with
a more expensive interviewer-administered (e.g. tele-
phone or face-to-face) mode [30]. Sequential mixed-
mode designs have greater potential for cost savings
compared to concurrent mixed-mode designs as all
sample units are “pushed” to the less-expensive mode
from the outset [30,37,38], often not knowing that a
more expensive interviewer-administered mode will
be offered later if they do not engage with the ini-
tial mode(s). In addition to potential cost savings, in-
troducing a self-administered mode in an otherwise
interviewer-administered panel survey may afford par-
ticular benefits to panelists. Specifically, offering the
web mode provides panelists with the opportunity to
participate at their convenience. This is an essential
feature for many working professionals, and especially
full-time workers, who participate in panel studies but
are difficult to reach with traditional interviewer modes.
Employees who use computers at their workplace or
work from home can flexibly participate in the web
survey during the day without relying on an interviewer
to contact them.

However, changing the data collection mode in a
panel survey can also have potential negative effects.
For example, panelists who have developed a good rap-
port with their usual interviewer may lose interest in

participating if the study is pushing them to complete
the survey online. Further, panelists with lower digital
affinity may be put off by the mode switch and become
reluctant to adopt the web mode, which could reduce
their likelihood of further participation in the panel.
Low digital affinity is, however, less of an issue in west-
ern nations where the share of internet usage in the pop-
ulation is high (e.g. Netherlands: 95%, Germany: 91%,
Spain: 94%, France: 92%) [39].

Considering these potential strengths and drawbacks,
it is important to evaluate the effect of introducing web
on response rates, nonresponse bias, and the likelihood
of continued participation in ongoing employee panel
surveys. The present study addresses this understudied
area of research.

We note that altering the mode design can also have
implications for measurement mode effects [40–45].
While we acknowledge the importance of measurement
effects, this topic is not considered further and is left to
future work.

2.2. Effects of introducing web in panel surveys

A small set of large-scale population-based panel
studies have experimentally assessed the participatory
effects of introducing a web mode as part of a se-
quential mixed-mode design. In the fifth wave of the
UK Household Longitudinal Study Innovation Panel
(UKHLS-IP), panelists and refreshment cases were ran-
domly allocated to a sequential mixed-mode design
with web starting mode and face-to-face follow-ups,
or the usual face-to-face designs; unconditional incen-
tives were used in both mode designs. Switching pan-
elists to the mixed-mode design in the fifth wave did
not have a statistically significant effect on response
rates among fourth wave respondents (mixed-mode:
81%, face-to-face: 84%; p = 0.31) nor for the fourth
wave nonrespondents (mixed-mode: 36%, face-to-face:
33%; p = 0.69) [46]. However, from wave 6 onward,
the mixed-mode design began to outperform the single-
mode design in terms of response rates for both wave
four respondents and nonrespondents [47]. Regression
analyses revealed no demographic differences in the
likelihood of participation between the two mode de-
signs in the 5th wave. However, several subgroups (es-
pecially rural citizens and unemployed persons) were
more likely to participate via face-to-face compared
to web [46]. Potential cost savings were also observed
in the mixed-mode design [48], which led to the same
sequential mixed-mode design being implemented in
wave 7 of the main UKHLS survey to replace a primar-
ily face-to-face design [19].
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The US National Longitudinal Study of Adoles-
cent to Adult Health (Add Health) experimentally
tested a mixed-mode design in its 5th wave (2016–
2018) [41,42]. Panelists were randomly allocated to ei-
ther a web/mail choice protocol followed by face-to-
face follow-ups for a subsample of initial nonrespon-
dents, or the traditional face-to-face single-mode de-
sign. The mode design experiment was crossed with in-
centive experiments. The mixed-mode design achieved
a slightly lower response rate (69%) than the single-
mode design (72%), with a relatively high take-up rate
for the web/mail modes (50%). Overall, the mixed-
mode design achieved considerable cost savings in com-
parison to the single-mode design.

In 2014, the SOEP, an annual primarily face-to-face
panel survey, explored the effects of introducing web
on response rates by experimenting with households
that had previously participated in at least four waves
of the face-to-face panel survey “Families in Germany”
(FiD). In 2014, funding for the FiD study expired and
the panelists were integrated into the SOEP core study.
The FiD sample consisted of a cohort and a screen-
ing sample. The main difference between the samples
was that all cohort households had children under 8
years, while all screening households had children un-
der 18 years [49]. The screening sample was assigned
to a sequential web-face-to-face mixed-mode design,
while the cohort sample was allocated to a face-to-face
single-mode design. The mixed-mode design had a neg-
ative effect on the response rate (face-to-face: 82%,
web-face-to-face: 70%), but lowered costs relative to
the single-mode design [50]. However, these results
could be influenced by the aforementioned differences
in household composition.

The SHP – an annual telephone panel survey – con-
ducted an extensive mode (design) experiment over two
waves in 2018 and 2019. Unconditional incentives were
used in all experimental groups. Here, we describe only
a side experiment in which Swiss households were in-
terviewed primarily by telephone or face-to-face (in
the case of unknown telephone number) in 2018, while
these respondents were randomly allocated to telephone
and face-to-face (in case of missing telephone numbers)
(70% of households) or a web single-mode design (30%
of households) in 2019. Households assigned to the web
mode yielded a similar response rate (75%) compared
to those assigned to the interviewer-administered mode
(77%), which was not a statistically significant differ-
ence [51,52], suggesting that the switch to web did not
have an immediate negative effect on participation in
the panel.

The US Panel Study of Income Dynamics (PSID),
a biennial telephone survey, evaluated the implemen-
tation of self-administered modes in 2014. Individuals
who completed the 2013 wave of the PSID were invited
by mail to complete a supplemental study in 2014. All
individuals who reported in the 2013 wave that they
had connected to the internet at home in the past year
(73%) were assigned to a web-only design, while the
remaining individuals were assigned to a web-mail se-
quential mixed-mode design. The invitation letter sent
to the mixed-mode group stated that the survey could
be completed via a paper questionnaire that would be
mailed to them if they did not complete the web survey
within two weeks. Response rates were presented for
three randomly allocated prepaid incentive groups ($0,
$5, $10). Response rates in all three incentives groups
were higher in the web-only design ($0: 16%; $5: 26%;
$10: 30%) compared to the web-mail design ($0: 9%;
$5: 16%; $10: 21%) [53], suggesting that mentioning
the follow-up paper mode had a negative effect on the
response rate and may have given the impression that
individuals were free to choose between either mode,
akin to a concurrent mixed-mode design, as opposed to
being “pushed” to the web mode.

The PSID additionally conducted a targeted invita-
tion letter experiment in 2016 with panel members at
least 30 years of age by assigning the whole sample to
a sequential web-paper mixed-mode design. The ex-
periment made use of two invitation letter variations.
While the first variation (mentioning group) informed
the individuals that a paper questionnaire would be sent
in two weeks if they did not complete the web survey,
the second invitation letter variation (hiding group) did
not mention the paper follow-up stage. Panel members
with a predicted web response probability greater than
70% were assigned to the hiding group, while individu-
als with a web response probability less than 30% were
allocated to the mentioning group. Panel members with
a predicted web response probability between 30% and
70% were randomly allocated to both invitation letter
variations. Both invitation letter variations produced
similar response rates for individuals with web response
probability between 30% and 70% (hiding group: 68%
vs. mentioning group: 71%; p = 0.49). For cases with
the highest web response probability (> 70%), the hid-
ing group invitation letter variation yielded a response
rate of 78%. For cases with the lowest web response
probability (< 30%), the mentioning group invitation
letter variation yielded a response rate of 75% [54].
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Fig. 1. Diagram of the mode design experiment. Note: The invitation letter sent to groups B and D did not mention planned telephone follow-ups,
whereas the invitation letter sent to group E did mention the telephone follow-ups.

2.3. Summary of previous findings and research gaps

Some conclusions can be drawn from the aforemen-
tioned literature on introducing a web-first phase in an
interviewer-administered panel survey. First, the liter-
ature suggests that introducing a web-first phase in a
traditional interviewer-administered panel survey does
not always increase the response rate in the wave the
web mode was introduced. Second, the literature sug-
gests that introducing a web-first phase in a traditional
interviewer-administered panel survey reduces survey
costs [42,48,50].

However, nearly all of these results are gathered from
general population surveys and some of these studies
used incentives. Further, not all of these studies tested
for statistically significant differences between response
rates. Thus, it is unclear if results from these studies
can be transferred to other surveys, including employee
surveys that do not use incentives. For instance, as pre-
viously mentioned, employees may be more likely to
participate via web compared to the general population
as they are busier during the day and may use internet-
enabled devices during work hours. Thus, studies are
needed to experimentally test the effects of introducing
web in a telephone employee panel survey. Not only
are effects on response rates important, but also nonre-
sponse bias and whether certain employee subgroups
(e.g. full-time workers, commuters) differ in their likeli-
hood to participate via web and/or mixed-mode design,
compared to single-mode interviewer-administration.

What is also unknown is the effect of mentioning the
follow-up interviewer-administered mode in the invi-
tation letter. Keeping in mind that all panel cases were
originally recruited and responded at least once in the
interviewer-administered mode, they may be more in-
clined to stand pat and wait for this mode to be offered
if it is mentioned in the invitation letter, which may re-
duce the likelihood of taking up the web starting mode
and negate the intended effects of the “push-to-web”
design. Given that one of the intended effects of a push-
to-web design is to reduce costs, it is important to test
whether mentioning the follow-up mode from the outset
affects web survey participation.

3. Data and methods

3.1. Study design

A mode design experiment was carried out in the
fourth wave of the German employer-employee panel
survey, the Linked Personnel Panel (LPP). The first part
of the LPP is a biennial employer survey (conducted
by the survey institute Kantar) that started in 2012 and
covers topics related to human resources and digitaliza-
tion. The second part is an employee survey that started
in 2013 and collects biennial data on topics related to
employment and human resource issues, financial as-
pects, and physical and mental well-being. The em-
ployee sample is drawn from establishments that once
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participated in the LPP employer survey. All employee
interviews of the first three waves (2013, 2015, 2017)
were conducted via telephone by the Institute of Ap-
plied Social Sciences (infas). The LPP employee survey
is representative of all employees subject to social in-
surance in Germany who work in private establishments
with at least 50 employees excluding the agricultural,
fishing, and forestry sectors. As our focus is on the em-
ployee survey, we use the term LPP to refer exclusively
to the LPP employee survey.

To address issues of declining response and cover-
age [55–57], the LPP experimentally implemented a se-
quential mixed-mode design in its fourth wave (2019).
A total of 5,118 panelists from 1,662 establishments
were randomly allocated to either a telephone single-
mode design or a sequential mixed-mode design with
web starting mode and telephone follow-ups. Figure 1
shows the experimental design. At the first stage, the
employee panel sample can be distinguished between
employees whose survey data can be linked to the LPP
employer survey (n = 2,148) and those that cannot be
linked (n = 2,990). Panel employees are classified as
non-linkable if: 1) their employer did not respond to
the previous wave employer survey, or 2) the employee
did not consent to link their data to the employer survey
in the previous wave (employers were not asked for
linkage consent).

The mode design experiment was conducted sepa-
rately for the linkable employees (randomly allocated
into experimental groups A, B) and non-linkable em-
ployees (randomly allocated to experimental groups
C, D, E) to control for possible differences between
these two sets of employees. Employees were ran-
domly allocated to either the sequential web-telephone
mixed-mode design (groups B, D, E) or the conven-
tional single-mode telephone design (groups A, C).
Postal letters were mailed to the home addresses of the
panel members on the 16th of April 2019. No email
addresses were available. While the postal letter in-
formed the single-mode groups about upcoming tele-
phone calls, non-linkable members of the mixed-mode
design (groups D, E) received one of two invitation let-
ter variations as part of an invitation letter experiment
(sample size considerations prevented the same exper-
iment from being implemented in the linkable mixed-
mode group). Both invitation letter variations included
a link and password for the web survey, but only the
second variation (group E) mentioned that telephone
contact attempts would start in three weeks’ time if the
online survey was not completed by then. There was
no variation in the envelope design between the experi-

mental groups nor did the envelope design differ from
previous waves. No incentives were offered to panelists.

All mixed-mode groups that did not complete the
survey using the web starting mode within the first
two weeks were sent one reminder on the 30th of April
2019. The reminder mentioned that telephone follow-
up contact attempts would start in one week if the web
survey was not answered during that time. Completing
the survey online was possible for the entire field period,
even after the telephone follow-up phase started. Infas
conducted on average 11.6 and 12.9 calls per panelist
in the single-mode telephone design and the telephone
follow-up stage of the mixed-mode design, respectively.
The mean interview duration was shorter in the web
starting mode (31.5 minutes) than in the telephone mode
(37.4 minutes).

3.2. Data

To aid in evaluating the mode design experiment,
including estimating nonresponse bias and determinants
of survey participation, five external data sources are
used. Table 1 provides an overview of the data sources,
variables used, and variable coding and labeling.

The first data source consists of administrative data
from the German Institute for Employment Research
(IAB) (reference year 2019) available for all employees
subject to the German social insurance system [58].
From these first administrative data source, three vari-
able groups can be formed: demographics, employment,
and benefits. The demographics variable group consists
of sex, age (in years; < 40, 40–55, 56+), German citi-
zenship (yes, no), secondary education (less than uni-
versity entrance qualification, university entrance qual-
ification), and higher education (less than university
degree, university degree). The employment variable
group consists of employment contract (full-time, part-
time), average daily earnings (in Euros; < 93, 93–141,
142+), occupation (production, business or adminis-
tration, other), and years working for current employer
(< 10, 10–19, 20+). The benefits variable group com-
prises receipt of unemployment benefits at least once in
the last 10 years (yes, no) and being registered as a job
seeker with the German Federal Employment Agency
(BA) at least once in the last 10 years (yes, no).

The second data source is the Community Directory
(CD) of the German Federal Office of Statistics (ref-
erence year 2019), which includes geodata (e.g. mean
longitude and latitude, population size) of each German
municipality. The CD data are used to generate vari-
ables on urbanicity (number of inhabitants in the city
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Table 1
Variables, data sources, and variable categories

Variables Value labels
Demographics (source: IEB)

Sex Male, female
Age Years: < 40, 40–55, 56+
German citizenship Yes, no
Secondary education Less than university entrance qualification, university entrance qualification
Higher education Less than university degree, university degree

Employment (source: IEB)
Employment contract Full-time, part-time
Daily earnings Euros: < 93, 93–141, 142+
Occupation Production, business/administration, other
Years working for employer < 10, 10–19, 20+

Benefits (source: IEB)
Benefits last 10 years Yes, no
Job seeking last 10 years Yes, no

Geodata (Source CD, BA)
Region North, West, South, East
Urbanicity Population: < 13,000, 13,000–119,999, 120,000+
Commute Kilometers: < 17, 17+
Fast internet % of households with 100 or more Mbit/s: < 50, 50–100

LPP Survey
Teleworking Yes, no
General trust Low, high
Household size 1, 2, 3+ person
Big Five: Openness Low, medium, high
Big Five: Extraversion Low, medium, high
Big Five: Agreeableness Low, medium, high
Big Five: Conscientiousness Low, medium, high
Big Five: Neuroticism Low, medium, high
Employee linkage consent Yes, no

LPP Paradata
Contact attempts wave 3 < 4, 4–8, 9+
First interview wave Wave 1, wave 2, wave 3
Item nonresponse wave 3 0, 1–2, 3+
Employer linkage Yes, no

of residence) and commuting distance to work. Com-
muting distance (fastest way by car between the geo-
graphic center of the employer’s and employee’s resi-
dence postal code) was calculated using the R-package
gmapsdistance.

The third data source is the Broadband Atlas (BAT)
[59] (reference year 2019) of the German Federal Min-
istry of Transport and Digital Infrastructure, which con-
tains data about internet quality and speed at the postal
code level. These data are used to generate the percent-
age of households within the employee’s residential
postal code that have access to fast internet speeds of
at least 100 megabits per second. The CD and BAT
data comprise the geodata variable group consisting
of region (north, west, south, east), urbanicity (popu-
lation count; < 13,000, 13,000–119,999, 120,000+),
commute (kilometers; < 17, 17+), and fast internet
(percent; < 50, 50–100).

The fourth data source consists of LPP survey data
collected from previous waves. We use the follow-

ing variables: whether the employee teleworks (yes,
no), level of general trust (low, high), household size
(1, 2, 3+ person), the Big Five personality traits (the
Big Five is a well-known taxonomy of personality
groupings) [60,61]: extraversion, agreeableness, open-
ness, conscientiousness, neuroticism (each coded low,
medium, high), and employee linkage consent (yes, no).

The fifth data source is the LPP paradata collected
during the third wave. These data include the variables:
number of item missings in wave 3 (0, 1–2, 3+), num-
ber of contact attempts in wave 3 (< 4, 4–8, 9+), first
wave of participation (wave 1, wave 2, wave 3), and em-
ployer linkage (yes, no) in wave 3. While the employer
linkage variable is coded as yes if the employer partici-
pated in wave three (and no if not), the employee link-
age consent is coded as yes if the employee gave link-
age consent in wave 4 (and no if not). The correlation
between the employer linkage consent and employee
linkage consent is very low (correlation coefficient =
0.04), suggesting there is no risk of multicollinearity
between these two outcomes.
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Question wordings and response options (translated
to English) for each survey variable (Table S1), infor-
mation about coding and handling of missing values for
each survey variable (Table S2), as well as descriptive
statistics and distributions of each survey and admin-
istrative variable (Table S3) are available in the online
appendix.

All of these variables were selected based on their
prior usage in methodological research on nonresponse,
mode effects, and employee samples, as well as their
potential interactions with the mode design on survey
participation. Sociodemographic characteristics (e.g.
age, gender and education) are commonly used to study
panel attrition [17,62–64] and mode effects on non-
response [51,65–67]. Employment characteristics are
also used to study nonresponse and other errors of non-
observation [68–73].

Research has identified paradata [74–76] and Big
Five personality traits [62,77–79] as predictors of panel
attrition. These variables could also interact with the
mode design indicator. For instance, difficult to reach
employees requiring many telephone contact attempts
in wave 3 could be more likely to participate via web
compared to telephone. In addition, employees with
high scores on the Big Five personality trait openness
could also more likely to participate via web compared
to telephone, as these individuals are likely to adopt
changes more quickly (i.e. introduction of new tech-
niques like mobile phones) [60,61]. We note that all
administrative demographic, employment, and benefit
variables are measured similarly in the LPP employee
survey and thus serve as suitable proxies for estimating
nonresponse bias.

4. Methodology

This chapter describes the methodology used to ana-
lyze the mode design experiment and invitation letter
experiment. The key outcomes of interest are response
rates, nonresponse bias, predictors of survey partic-
ipation (including interactions with mode and mode
design), and survey costs. This section describes how
these outcomes were calculated.

All analyses of the mode (design) experiment are
presented separately for the telephone single-mode de-
sign, the web starting mode (treating telephone follow-
up respondents as nonrespondents), and the full web-
telephone sequential mixed-mode design. Note that the
web starting mode is simply the first phase of the full
web-telephone sequential mixed-mode design, with the

telephone follow-ups conducted in the second phase.
Decomposing both phases of the mixed-mode design
allows for: 1) disentangling the effects of the web start-
ing mode from the full mixed-mode sequence; and 2)
performing single-mode comparisons between the web
starting mode of the mixed-mode design and the tele-
phone mode of the single-mode design.

Employees that answered every question are classi-
fied as respondents. As web interviews were possible
during the entire field period, we classified employees
who responded via the web starting mode after the tele-
phone follow-up phase had started as web respondents
in the forthcoming analysis. The online supplement in-
cludes the final disposition codes for both mode designs
(see Table S4).

As the main focus of this study is on randomiza-
tion rather than representation and because nonresponse
adjustment weights were not available for the exper-
iment, all analyses are performed unweighted using
Stata 16 [80] and R [81].

4.1. Outcome rate calculations

Response rates are calculated using the AAPOR [82]
Response Rate 1 definition, which is the proportion of
the fielded sample that completed the interview:

Response Rate =
(1)Interviews

Interviews + Noncontacts + Refusals
Contact and cooperation rates are also reported but

only for the telephone-only design and the telephone
follow-up stage of the mixed-mode design, as we have
no definitive information about contacts and refusals
for the web starting mode. The contact rate is calcu-
lated as the proportion of the fielded sample that was
successfully contacted (target person or household) and
the cooperation rate is the proportion of successfully
contacted employees who completed the interview:

Contact Rate =
(2)Interviews + Refusals

Interviews + Noncontacts + Refusals

Cooperation Rate =
Interviews

Interviews + Refusals
(3)

4.2. Estimating nonresponse bias

Nonresponse bias is estimated for the following ad-
ministrative variable groups: demographics, employ-
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ment, benefits, and geodata. Estimates of nonresponse
bias are constructed by calculating the difference be-
tween the proportion of a variable category (c) based on
the respondents (ȳc,r) and the corresponding proportion
based on the full sample (ȳc,s):

Nonresponse Bias (ȳc) = ȳc,r − ȳc,s (4)

The absolute nonresponse is also reported which sim-
plifies comparisons between different variable cate-
gories:

Absolute Nonresponse Bias (ȳc)= |ȳc,r−ȳc,s|(5)

In addition, we report the absolute relative nonre-
sponse bias, which assesses the magnitude of nonre-
sponse bias in the survey estimate relative to the full
sample estimate [83]:

Absolute Relative Nonresponse Bias (ȳc) =∣∣∣∣ ȳc,r − ȳc,sȳc,s

∣∣∣∣ (6)

As summary measures of nonresponse bias, we
present the average absolute nonresponse bias (AANB)
and the average absolute relative nonresponse bias
(AARNB) by dividing the sum of the absolute (and ab-
solute relative) nonresponse bias estimates by the num-
ber of total bias estimates computed across all variable
categories (C):

Average Absolute Nonresponse Bias =∑C
c=1 |ȳc,r − ȳc,s|

C
(7)

Average Absolute Relative Nonresponse Bias =∑C
c=1

∣∣∣ ȳc,r−ȳc,s

ȳc,s

∣∣∣
C

(8)

These summary measures are calculated separately
for each variable group and overall across all variables.
These aggregate estimates are used to facilitate the com-
parisons between the different mode designs.

4.3. Modeling survey participation

Logistic regression models are used to examine pre-
dictors of survey participation, including the mode de-
sign indicator, all employee characteristics described
in the data section, and interactions between both. The
regression models are fitted separately for the single
mode comparisons (telephone-only vs. web starting
mode) and mode design comparisons (telephone-only
vs. web-telephone), where the single mode comparison
involving the web starting mode treats the telephone

follow-up respondents as nonrespondents. Both a main
effects model and an interactions model are fitted to
test for mode (design) effects for specific subgroups
and overall. All variables described in section 3.2 are
included as predictors of survey participation (1 = re-
sponse, 0 = nonresponse) along with a mode (design)
indicator variable (1 = web starting mode, mixed-mode,
0 = telephone-only). Multilevel models are used to ac-
count for employees nested within establishments. The
regression model can be expressed as:

log

(
Pij

1− pij

)
= α+Xijβ + Zijγ

(9)
+XijZijτ + µj

where pij denotes the probability of participation for
employee i nested within establishment j. The model
intercept is denoted by α. The coefficient of the mode
(design) indicator Xij is represented by β. γ refers to
a vector of coefficients corresponding to the individual
variables Zij , the interaction coefficients of the individ-
ual characteristics Zij and the mode (design) indicator
are represented by the vector τ . The random effect term
µj is normally distributed with mean 0 and variance σ2

u.

4.4. Estimating survey costs

Survey costs are estimated per respondent for the
telephone single-mode design, the web starting mode,
and the full web-telephone mixed-mode design. Though
the true costs are unknown, hypothetical (yet realistic)
values informed by the survey institute are applied. The
web starting mode comprises mainly postal commu-
nication costs, which are 0.95 Euro for one invitation
letter and 0.80 Euro for one reminder letter [84]. Print-
ing, enveloping, and letter handling are assumed to cost
0.05 Euro per letter. The telephone mode costs con-
sist of the aforementioned postal communication costs
plus interviewer expenses, including interviewer hourly
payment (11.12 EUR; [85]) and the incidental wage
cost (27% of the gross earnings; [86]). Based on this
information, the labor cost of one telephone interviewer
per hour is approximately 14.12 EUR (= 11.12 EUR
+ (11.12 EUR × 0.27)). Assuming that one telephone
contact attempt takes on average one minute, the cost of
one completed telephone interview (by using the mean
telephone interview duration of 37.4 minutes) and one
contact attempt is as follows:
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Table 2
Outcome rates for web starting mode and full web-telephone design, by invitation letter version

Experimental group D
(Telephone mode not mentioned)

Experimental group E
(Telephone mode not mentioned)

Web starting mode Web-telephone Web starting mode Web-telephone
Sample size 997 997 996 996
Respondents (total) 324 580 308 597

Telephone 0 256 0 289
Web 324 324 308 308

Response (%) 32.50 58.17 30.92 59.94
Contact (%) N/A 86.87 N/A 86.93
Cooperation (%) N/A 46.63 N/A 50.52

Notes: χ2 tests were performed to compare the response, contact, and cooperation rates between
experimental groups D and E. The response rates for the web starting mode in groups D and E did not
significantly differ from each other (χ2 = 0.57; p = 0.450), and the same was true for the full mode
sequences (χ2 = 0.64; p = 0.423). The contact rates (χ2 = 0.00; p = 0.973) and cooperation rates
(χ2 = 1.70; p = 0.192) also did not significantly differ between the telephone follow-up stages of the
mixed-mode design.

Cost of telephone interview =
(10)

14.12 ∗ 37.4

60
= e8.8

Cost of telephone contact attempt =
(11)

14.14 ∗ 1

60
= e0.24

We note that both survey modes (web starting mode
and telephone) also include fixed costs (e.g. question-
naire programming) which are not accounted for in
these cost calculations. As we have no realistic infor-
mation about fixed costs our focus lies solely on the
variable costs.

5. Results

Before we present the results of the experiment, we
note that we did not find substantial differences between
the linkable and non-linkable groups when analyzed
separately. The separated results are available as tables
in the online supplement (outcome rates: S5 and S6;
nonresponse bias: S7, S8, S9, and S10; participation
effects: S11 and S12). Thus, all mode (design) analyses
are based on the comparison of the combined single-
mode telephone groups (A and C) vs. the combined
sequential mixed-mode (web starting mode followed
by telephone) groups (B, D, and E).

5.1. Effect of mentioning follow-up mode in invitation
letter

The results of the invitation letter experiment con-
ducted in mixed-mode design groups D (telephone
follow-ups not mentioned) and E (telephone follow-ups

mentioned) are shown in Table 2. In short, there are no
significant differences between the two groups with re-
spect to response rates in the web starting mode (Group
D: 32.50%; Group E: 30.92%) or the full web-telephone
sequence (Group D: 58.17%; Group E: 59.94%), or the
contact (Group D: 86.87%; Group E: 86.93%) and co-
operation rates (Group D: 46.63%; Group E: 50.52%)
of the telephone follow-ups.

The same conclusions were drawn when stratifying
the analysis by wave of joining the panel. Table S13
shows that the respondent compositions were also sim-
ilar in both invitation letter groups. Given the lack of
differences between the two invitation letter groups, we
combine both groups in all subsequent analyses.

5.2. Outcome rates

Table 3 shows the response, contact, and cooperation
rates for the mixed-mode design (combined groups B,
D, E) and the telephone-only design (combined groups
A, C). There are three key results. First, the response
rate of the web starting mode (32.46% including all lo-
gin attempts that occurred before and after the telephone
follow-up phase started) was significantly lower than
the telephone-only design (50.10%), indicating that the
web mode is an insufficient replacement for the con-
ventional telephone single-mode design. However, im-
plementing the full web-telephone sequence yielded a
statistically significantly higher response rate (59.91%)
compared to the single-mode telephone design. Sec-
ond, the telephone contact rates for the web-telephone
(87.51%) and telephone-only (88.60%) designs were
quite similar. Third, the telephone cooperation rate for
the telephone-only design (56.54%) was higher than
for the telephone follow-up stage of the mixed-mode
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Table 3
Response rates by mode and mode design

Single-mode
(Groups A and C)

Mixed-mode
(Groups B, D and E)

Telephone Web starting mode Web-telephone
Sample size 2,062 3,056 3,056
Respondents 1,033 992 1,831

Telephone 1,033 0 839
Web 0 992 992

Response (%) 50.10 32.46 59.91
Tel. contact (%) 88.60 N/A 87.51
Tel. cooperation (%) 56.54 N/A 48.47

Notes: All employees (106 out of 992) who participated via the web starting mode
after at least one telephone follow-up contact attempt were classified as web respon-
dents. Statistically significant response rate differences were evident between the
telephone single-mode design and the web starting mode (χ2 = 160.1586; p <
0.001) and web-telephone design (χ2 = 48.16; p < 0.001). While telephone contact
rate differences between the telephone single-mode and web-telephone designs were
not evident (χ2 = 1.14; p = 0.285), telephone cooperation rates varied significantly
between both designs (χ2 = 23.23; p < 0.001).

Table 4
Average absolute nonresponse bias (AANB) and average absolute relative nonresponse bias (AARNB), by variable
group and overall

Single mode
(Groups A and C)

Mixed-mode
(Groups B, D and E)

Variable group Telephone Web starting mode Web-telephone
AANB (%) AARNB (%) AANB (%) AARNB (%) AANB (%) AARNB (%)

Demographics 2.37 8.71 4.93 24.58 1.99 7.53
Employment 1.54 4.32 4.99 15.61 1.78 5.41
Benefits 2.96 11.81 9.76 34.24 3.37 11.95
Geodata 1.11 4.06 2.04 7.88 1.02 3.62
Overall 1.72 5.87 4.37 16.70 1.70 5.83

design (48.47%), indicating that some employees with
high willingness to participate already responded via
the web starting mode. The same conclusions were
drawn when stratifying the analysis by wave of joining
the panel. In summary, we conclude that transitioning a
telephone employee panel to a web-telephone sequen-
tial mixed-mode panel has a positive effect on response
rates.

5.3. Nonresponse bias

As a higher response rate decreases the risk of non-
response bias [83], one might assume that the web-
telephone mixed-mode design yielded lower nonre-
sponse bias, on average, than the telephone single-mode
design. We now check this assumption by contrast-
ing the mode designs on their average absolute non-
response bias (AANB) and average absolute relative
nonresponse bias (AARNB), overall and for each ad-
ministrative variable group. The results, presented in
Table 4, reveal two main findings. First, and unsur-
prisingly, aggregate nonresponse bias is higher in the

web starting mode for each variable group and overall
(overall: AANB: 4.37%; AARNB: 16.70%) in com-
parison to the telephone single-mode design (overall:
AANB: 1.72%; AARNB: 5.87%). Second, aggregate
nonresponse bias is similar overall between the web-
telephone design (overall: AANB: 1.70%; AARNB:
5.83%) and the telephone single-mode design. Differ-
ences between the mode designs for the individual vari-
able groups are rather small. The AANB for the em-
ployment and benefits variable groups are slightly lower
for the telephone single-mode design than for the web-
telephone mixed-mode design, while the opposite is
true for the demographic and geodata variable groups.
Overall, we may conclude that the single- and mixed-
mode designs yield comparable levels of aggregate non-
response bias. Similar conclusions can be drawn from
examining median nonresponse biases (Table S14).

Next, we examine nonresponse bias (NB), absolute
nonresponse bias (ANB), and absolute relative non-
response bias (ARNB) for specific variables between
the mode (designs), presented in Table S15 of the On-
line Supplement. The table reveals three main findings.
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First, the ANB is higher for 23 out of 28 administrative
variables in the web starting mode compared to the tele-
phone single-mode. The web starting mode yielded par-
ticularly higher ANB (than the telephone single-mode)
for two categories (< 93 Euros; 142+ Euros) of the
variable daily earnings and for individuals who were
registered as job seekers in the past 10 years. In con-
trast, the ANB for full-time workers is a bit lower in the
web starting mode compared to the telephone-only de-
sign. Second, introducing the telephone follow-up stage
for web nonrespondents reduces the ANB (compared to
the web-starting mode) for 24 out of 28 variable cate-
gories. The most substantial bias reduction can be seen
for employees with university entrance degree as well
as the lowest and highest daily earnings groups. This
is contrasted by increasing nonresponse bias for 4 out
of 28 variable categories with the largest increase for
the middle earning category (93–141 Euros). Third, the
web-telephone design yields a lower ANB for 14 out of
28 variable categories than the telephone single-mode.
While the ANB for full-time work and employees with
university degree is larger in the telephone single-mode
(compared to the web-telephone design), the variable
category of occupation (business/administration) and
employees registered as job seeker in the past 10 years
have, in contrast, a lower ANB in the telephone single-
mode design than in the web-telephone design.

To recap, our results show that switching an em-
ployee telephone panel survey to a web-telephone de-
sign does not affect aggregate levels of nonresponse
bias. However, for half of the variable categories (14
out of 28) the nonresponse bias is lower for the web-
telephone mixed-mode design compared to the tele-
phone single-mode design. While nonresponse bias es-
timates for demographic variables tended to be lower
for the web-telephone mixed-mode design compared to
the telephone single-mode design, the telephone single-
mode produced lower nonresponse bias estimates (com-
pared to the web-telephone mixed-mode design) on
variables related to employment and benefits. For the
geodata variables we did not observe a clear pattern.

5.4. Mode effects on survey participation

In this section, we evaluate the likelihood of survey
participation by mode (design) and its interaction with
employee characteristics by presenting the multilevel
modeling results. The results of the main effects and in-
teraction effects models are presented separately for the
telephone single-mode vs. web starting mode compari-
son and the telephone single-mode vs. web-telephone
mixed-mode comparison.

5.5. Telephone-only vs. web starting mode

We start with the results of the telephone-only vs.
web starting mode comparison, presented in Table 5.
The most relevant finding of the main effects model (2nd

column) is that employees assigned to the mixed-mode
design are less likely to respond via the web starting
mode than those assigned to the single-mode telephone
design. The results of the interaction model (3rd and 5th

column) reveal two significant results: employees with
high conscientiousness scores are significantly more
likely to participate via web than telephone, while past
job seekers are more likely to respond via telephone
compared to web. All other variables, including demo-
graphics, employment, geodata, and paradata do not
interact with the mode indicator.

5.6. Interaction effects: Telephone vs. web-telephone

The results of the telephone single-mode vs. web-
telephone mixed-mode comparison are presented next.
The most important finding from the main effects model
(Table 5, 3rd column) is that assignment to the web-
telephone mixed-mode design is associated with a sig-
nificantly higher likelihood of survey participation com-
pared to the telephone single-mode design. The inter-
action model (Table 5, 4th column) reveals no signif-
icant interactions between the mode design and em-
ployee characteristics. The nonexistence of interactions
between the mode design and various employee char-
acteristics is a key finding for survey practitioners, as it
suggests that transitioning to a web-telephone sequen-
tial mixed-mode design does not alter the respondent
composition in an ongoing employee panel survey.

5.7. Cost comparison

The outcomes of the cost analysis (Table 6) reveal
three principal findings. First, the web-telephone mixed-
mode design (e27,113.28) produces higher total costs
than the telephone single-mode design (e16,359.72)
and the web starting mode (e5,414.75). However, when
looking at the costs per respondent, a different picture
emerges. The cost per respondent, calculated as the ratio
of the total cost to the number of completed interviews,
is lowest for the web starting mode (e5.46) followed by
the web-telephone design (e14.81) and the telephone
single-mode design (e15.85). Hence, the mixed-mode
design yields a small potential cost savings (of about
7%) relative to the single-mode telephone design.
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Table 5
Log-odds ratios of survey participation: Telephone single-mode vs. web starting mode and web-telephone mixed-mode

Telephone vs. web starting mode
(Groups A and C vs. B, D and E)

Telephone vs. web-telephone
(Groups A and C vs. B, D and E)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Intercept 0.04(0.26) 0.68(0.38) 0.62(0.24)∗ 0.68(0.38)
Experimental group (EG)

(Ref. Telephone-Only)
Web −0.8(0.06)∗∗∗ −1.98(0.52)∗∗∗ 0.41(0.06)∗∗∗ 0.33(0.50)

Sex
(Ref. Male)
Female −0.04(0.09) 0.09(0.13) 0.02(0.08) 0.09(0.13)

Age
(Ref. < 40)
40–55 0.33(0.10)∗∗∗ 0.29(0.14)∗ 0.26(0.09)∗∗ 0.29(0.14)∗

56+ 0.15(0.10) 0.04(0.16) 0.04(0.10) 0.04(0.16)
German citizenship

(Ref. Yes)
No −0.39(0.22) −0.15(0.30) −0.08(0.20) −0.15(0.30)

Secondary education
(Ref. Less than university entrance)
University entrance 0.31(0.09)∗∗∗ 0.22(0.14) 0.21(0.09)∗ 0.22(0.14)

Higher education
(Ref. Less than university degree)
University degree 0.20(0.10)∗ 0.21(0.16) 0.16(0.10) 0.21(0.16)

Employment contract
(Ref. Part-time)

Full-time −0.17(0.11) −0.26(0.17) −0.15(0.10) −0.26(0.17)
Daily earnings

(Ref. < 93)
93–141 0.18(0.08)∗ 0.05(0.13) 0.02(0.08) 0.05(0.13)
142+ 0.34(0.10)∗∗∗ 0.24(0.16) 0.23(0.10)∗ 0.24(0.16)

Occupation
(Ref. Production)
Business/Administration 0.07(0.08) −0.09(0.13) 0.07(0.08) −0.09(0.13)
Other −0.03(0.12) 0.01(0.12) 0.04(0.08) 0.01(0.12)

Years working for employer
(Ref. < 10)
10–19 −0.05(0.09) −0.17(0.14) −0.10(0.09) −0.17(0.14)
20+ 0.03(0.10) −0.07(0.15) −0.04(0.10) −0.07(0.15)

Benefits last 10 years
(Ref. No)
Yes −0.42(0.11)∗∗∗ −0.49(0.16)∗∗ −0.34(0.10)∗∗∗ −0.49(0.16)∗∗

Job seeking last 10 years
(Ref. No)
Yes −0.03(0.08) 0.16(0.13) 0.03(0.08) 0.16(0.13)

Region
(Ref. North)
West 0.09(0.10) 0.12(0.15) 0.00(0.09) 0.12(0.15)
South 0.04(0.10) 0.02(0.15) −0.06(0.10) 0.02(0.15)
East −0.11(0.11) −0.12(0.16) −0.17(0.10) −0.12(0.16)

Urbanicity
(Ref. < 13,000)
13,000–119,999 0.01(0.07) 0.04(0.11) 0.06(0.09) 0.04(0.11)
120,000+ −0.05(0.09) −0.03(0.14) −0.01(0.09) −0.03(0.14)

Commute
(Ref. < 17)
17 + 0.02(0.09) 0.08(0.10) 0.09(0.06) 0.08(0.10)

Fast internet
(Ref. 50–100)
< 50 −0.10(0.09) −0.10(0.14) −0.05(0.09) −0.10(0.14)
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Table 5, continued
Telephone vs. web starting mode
(Groups A and C vs. B, D and E)

Telephone vs. web-telephone
(Groups A and C vs. B, D and E)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Teleworking
(Ref. No)
Yes 0.22(0.08)∗∗ 0.07(0.13) 0.11(0.08) 0.07(0.13)

General trust
(Ref. Low)
High 0.06(0.07) −0.05(0.10) 0.03(0.06) −0.05(0.10)

Household size
(Ref. 3+ Person)
2 Person 0.05(0.07) −0.04(0.11) −0.15(0.07)∗ −0.04(0.11)
Single −0.04(0.10) −0.03(0.15) −0.14(0.09) −0.03(0.15)

Openness
(Ref. Low)
Medium 0.11(0.10) 0.01(0.16) −0.08(0.10) 0.01(0.16)
High 0.02(0.12) 0.04(0.18) −0.07(0.12) 0.04(0.18)

Extraversion
(Ref. Low)
Medium −0.25(0.08)∗∗∗ −0.18(0.12) −0.27(0.08)∗∗∗ −0.18(0.12)
High −0.27(0.14)∗∗ −0.16(0.14) −0.34(0.09)∗∗∗ −0.16(0.14)

Agreeableness
(Ref. Low)
Medium 0.06(0.09) 0.04(0.14) 0.03(0.09) 0.04(0.14)
High 0.13(0.09) 0.13(0.14) 0.06(0.09) 0.13(0.14)

Conscientiousness
(Ref. Low)
Medium −0.11(0.11) −0.32(0.17) −0.11(0.11) −0.32(0.17)
High −0.08(0.10) −0.29(0.15) −0.11(0.10) −0.29(0.15)

Neuroticism
(Ref. Low)
Medium −0.08(0.07) −0.06(0.10) −0.04(0.07) −0.06(0.10)
High 0.03(0.09) 0.02(0.14) 0.05(0.09) 0.02(0.14)

Employee linkage consent
(Ref. Yes)
No −0.28(0.12)∗ −0.42(0.18)∗ −0.33(0.11)∗∗ −0.42(0.18)∗

Item nonresponse wave 3
(Ref. 0)
1–2 −0.13(0.06) −0.09(0.10) −0.11(0.06) −0.09(0.10)
3 −0.23(0.10)∗ −0.22(0.15) −0.26(0.10)∗∗ −0.22(0.15)

Contact attempts wave 3
(Ref. < 4)
4–8 −0.19(0.07**) −0.29(0.11)∗∗ −0.23(0.07)∗∗∗ −0.29(0.11)∗∗

9+ −0.32(0.08)∗∗∗ −0.48(0.12)∗∗∗ −0.4(0.08)∗∗∗ −0.48(0.12)∗∗∗

First interview wave
(Ref. Wave1)
Wave2 −0.00(0.08) 0.03(0.12) −0.01(0.08) 0.03(0.12)
Wave3 −0.17(0.08)∗ −0.19(0.12) −0.27(0.07)∗∗∗ −0.19(0.12)

Employer linkage
(Ref. No)
Yes 0.04(0.06) 0.03(0.10) 0.07(0.06) 0.03(0.10)

Interactions Estimate Std. error Estimate Std. error
Sex × EG

(Ref. Male)
Female −0.21(0.18) −0.10(0.17)

Age × EG
(Ref. < 40)
40–55 0.08(0.20) −0.06(0.19)
56+ 0.18(0.21) −0.01(0.20)
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Table 5, continued
Telephone vs. web starting mode
(Groups A and C vs. B, D and E)

Telephone vs. web-telephone
(Groups A and C vs. B, D and E)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

German citizenship × EG
(Ref. Yes)
No −0.62(0.47) 0.10(0.40)

Secondary education × EG
(Ref. Less than University entrance)
University entrance −0.16(0.18) −0.03(0.18)

Higher education × EG
(Ref. Less than University degree)
University degree 0.02(0.21) −0.05(0.21)

Employment contract × EG
(Ref. Part-time)
Full-time 0.14(0.22) 0.19(0.21)

Daily earnings × EG
(Ref. < 93)
93–141 0.24(0.18) −0.06(0.17)
142+ 0.22(0.21) −0.00(0.21)

Occupation × EG
(Ref. Production)
Business/Administration 0.28(0.17) 0.27(0.17)
Other −0.07(0.16) 0.04(0.16)

Years working for employer × EG
(Ref. < 10)
10–19 0.22(0.19) 0.11(0.18)
20+ 0.20(0.20) 0.05(0.20)

Benefits last 10 years × EG
(Ref. No)
Yes 0.13(0.22) 0.26(0.20)

Job seeking last 10 years × EG
(Ref. No)
Yes −0.34(0.17)∗ −0.22(0.17)

Region × EG
(Ref. North)
West −0.06(0.20) −0.19(0.19)
South −0.01(0.20) −0.14(0.20)
East −0.00(0.21) −0.08(0.20)

Urbanicity × EG
(Ref. < 13,000)
13,000–119,999 −0.06(0.14) 0.03(0.14)
120,000+ −0.02(0.19) 0.03(0.19)

Commute × EG
(Ref. < 17)
17+ −0.10(0.13) 0.02(0.13)

Fast internet × EG
(Ref. 50–100)
< 50 −0.01(0.19) 0.08(0.18)

Teleworking × EG
(Ref. No)
Yes 0.22(0.17) 0.06(0.17)

General trust × EG
(Ref. Low)
High 0.21(0.14) 0.12(0.13)

Household size × EG
(Ref. 3+ Person)
2 Person 015(0.14) −0.18(0.14)
Single −0.07(0.20) −0.20(0.19)
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Table 5, continued
Telephone vs. web starting mode
(Groups A and C vs. B, D and E)

Telephone vs. web-telephone
(Groups A and C vs. B, D and E)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Main effects model
estimate (SE)

Interaction model
estimate (SE)

Openness × EG
(Ref. Low)
Medium 0.18(0.21) −0.15(0.21)
High −0.03(0.25) −0.19(0.24)

Extraversion × EG
(Ref. Low)
Medium −0.11(0.16) −0.15(0.16)
High −0.19(0.19) −0.33(0.19)

Agreeableness × EG
(Ref. Low)
Medium 0.04(0.18) 0.00(0.18)
High 0.01(0.19) −0.12(0.18)

Conscientiousness × EG
(Ref. Low)
Medium 0.39(0.22) 0.36(0.22)
High 0.40(0.20)∗ 0.33(0.20)

Neuroticism × EG
(Ref. Low)
Medium −0.01(0.14) 0.04(0.13)
High 0.03(0.19) 0.04(0.18)

Employee linkage consent × EG
(Ref. Yes) 0.25(0.24) 0.14(0.23)
No

Item nonresponse wave 3 × EG
(Ref. 0)
1–2 −0.05(0.13) −0.03(0.13)
3 −0.03(0.21) −0.05(0.20)

Contact attempts wave 3 × EG
(Ref. < 4)
4–8 0.15(0.14) 0.09(0.14)
9+ 0.26(0.16) 0.13(0.16)

First interview wave × EG
(Ref. Wave 1)
Wave2 −0.04(0.16) −0.06(0.16)
Wave3 0.04(0.16) −0.13(0.16)

Employer linkage × EG
(Ref. Yes)
No 0.02(0.13) 0.08(0.13)

N 5,118 5,118 5,118 5,118
AIC 6,471.4 6,495.5 6,804.8 6,868.8
BIC 6,772.3 7,084.1 7,105.6 7,457.5
Wald-Test (χ2) 431.83 469.79 284.57 303.96
Wald-Test (p-value) < 0.00 < 0.00 < 0.00 < 0.00
Random effect (establishment) < 0.00 < 0.00 < 0.00 < 0.00
ICC (empty model) 0.04(0.01) 0.04(0.01) 0.02(0.01) 0.02(0.01)

Note: ∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05.

6. Discussion

Telephone panel surveys are facing technical and so-
cietal changes that lead to rising survey costs and de-
clining response rates. To compensate for this, some
panel surveys have experimented with introducing on-
line data collection. This paper reported on a mode (de-
sign) experiment conducted in the fourth wave of a Ger-
man employee panel survey, where panel employees

were randomly allocated to a telephone single-mode
or a sequential mixed-mode design with web starting
mode and telephone follow-ups. To our knowledge this
is the first study that analyzed the effects of introducing
a web starting mode in an ongoing telephone employee
panel survey.

Our results can be summarized into five key findings.
First, the different invitation letter variations (mention-
ing vs. not mentioning the telephone follow-ups) did
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Table 6
Cost analysis by mode and mode design

Single-mode
(Groups A and C)

Mixed-mode
(Groups B, D and E)

Telephone Web starting mode Web-telephone
Invitation letters e2,062 e3,056 e3,056
Reminder letters 0 e2,358.75 e2,358.75
Contact attempts e4,193.63 0 e5,583.05
Interviews e10,104.08 0 e16,115.49
Total costs e16,359.72 e5,414.75 e27,113.28
Interviews (N) 1,032 992 1,831
Avg. cost per respondent centered e15.85 e5.46 e14.81

not significantly affect response rates and respondent
composition to the web starting mode or full mixed-
mode sequence, indicating that it makes no difference
whether the interviewer-administered follow-up mode
is disclosed in the web survey invitation letter. Sec-
ond, introducing the sequential web-telephone design
yielded a roughly 10-percentage point higher response
rate compared to the traditional single-mode telephone
design. Third, although aggregate nonresponse bias was
higher in the web starting mode compared to the tele-
phone single-mode design, following up the web non-
respondents with telephone reduced the aggregate non-
response bias to a level that was comparable to the tele-
phone single-mode design. The effect on the individual
nonresponse bias estimates was split, with half of the
estimates having a lower nonresponse bias in the tele-
phone single-mode than in the web-telephone mixed-
mode design, and the other half having a higher nonre-
sponse bias in the telephone single-mode (compared to
the web-telephone mixed-mode design). Fourth, only
two employee subgroups were differentially affected by
the web starting mode – employees with a high consci-
entiousness were significantly more likely to participate
via the web starting-mode, while past job seekers were
less likely to respond via the web starting-mode. None
of the employee subgroups differed in their likelihood to
participate in the web-telephone mixed-mode design or
the telephone single-mode design. Finally, (estimated)
per-respondent survey costs were about 7% lower in
the web-telephone design compared to the telephone
single-mode design, indicating a small potential cost
savings of mixing modes.

We note that our results are in contrast to those
reported in earlier mode (design) experiments con-
ducted with general population samples, which found
a higher response rate for the traditional interviewer-
administered mode compared to the web-first mixed-
mode design in the initial wave of the mode change
[46,50]. The different results may be at least partially
explained by the population under study. Employees

(especially full-time workers and commuters) are a busy
and hard-to-reach group, who can benefit from the pos-
sibility of participating online independent of the time
of day. However, we note that other study design fea-
tures can also influence mode differences in other stud-
ies, such as the use of incentives, paper vs. email invi-
tations, and the layout and wording of the invitations,
among other features. Disentangling the effects of these
specific design features in mode design experiments
is a topic for future research. From a practical view-
point, our results suggest that transitioning to a web-first
mixed-mode design in the middle of a telephone em-
ployee panel can increase response rates and decrease
survey costs with little to no effect on the recruitment
of employee subgroups. The lack of subgroup effects
suggests that there is little difference in which mode
design is used. However, in an environment of declining
response rates and increasing costs [32,33], the sequen-
tial web-telephone design may be preferred in ongoing
employee panel surveys to address these concerns.

We acknowledge some limitations of the present
study. First, the target population consisted of employ-
ees subject to social insurance in Germany excluding
certain sectors (e.g. civil service, agricultural) and types
of work (e.g. self-employed). Although we have no
reason to believe the study conclusions would have
changed without these exclusions, it would be prudent
to replicate these findings with broader employee pop-
ulations. Second, we examined the effects of transition-
ing to a mixed-mode design only for the initial wave of
the transition to mixed mode. An important topic for
future research is to assess the long-term effects of the
transition on nonresponse and attrition in subsequent
waves of the LPP as the panel continues to mature. An-
other topic for future research is to study the measure-
ment effects of mixing web and telephone modes [87].
Such effects could affect panel analyses and estimates
of change which may have consequences for substan-
tive analyses [88]. Thus, any improvements in response
rates and costs should be weighed against the possible
impacts of measurement mode effects.
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In conclusion, we did not identify serious drawbacks
of participation in the initial phase of the transition from
a single-mode telephone design to a web-telephone se-
quential mixed-mode design in an ongoing employee
panel survey, with some advantages in terms of re-
sponse rates and costs. The current challenges facing
panel studies (e.g. declining participation and increas-
ing survey costs) highlights the importance of research
on exploring alternative mode designs. While our re-
sults show promise in this regard, it is only a first step
in evaluating the transition. More research is needed
to identify the long-term impacts of introducing online
and mixed-mode data collection on continuing survey
participation and attrition, as well as consequences for
measurement quality and panel data analyses, which
are important points to be discussed with data users as
part of the transition.
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