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1 Introduction 

Social sciences face a key challenge due to the impracticality of directly measuring hu-

man behavior, attitudes, and beliefs. Therefore, surveys serve as an essential research tool 

for systematically collecting data on various topics, including public health indicators, 

employment trends, educational outcomes, social attitudes, political preferences, environ-

mental issues, and housing conditions (Fowler 2014; Dillman 2020). The notion of a sur-

vey relates to a method of interviewing a random sample of the target population using 

standardized questionnaires (de Leeuw et al. 2008; Stoop and Harrison 2012).  

The first probability-based sampling surveys emerged in the 1930s and 1940s (Groves 

2011). Until the 1970s, face-to-face surveys were the predominant data collection method 

(Fowler 2014). During the 1970s, landline telephone technology became widely available 

in private households, supplanting face-to-face surveys as a more cost-effective data col-

lection method (de Leeuw et al. 2008; Steeh 2008). Since the 1990s, the emergence of 

new technologies such as telephone answering machines, caller identification, surveil-

lance cameras, and the prevalence of fenced properties, coupled with the increasing num-

ber of unlisted telephone numbers, have presented growing obstacles to reaching sampled 

households and individuals in interviewer-administered surveys (Groves 2011; Häder and 

Sand 2019). These challenges contributed to declining response rates and escalating sur-

vey costs, especially in telephone surveys (Rossi et al. 2013; Czajka and Beyler 2016; 

Kennedy and Hartig 2019). Over the last three decades, a new and widely adopted cost-

efficient technology emerged: the internet, providing a novel research possibility—web 

surveys (Callegaro et al. 2015; Biffignandi and Bethlehem 2021). Mixed-mode surveys, 

which begin with the web mode and follow up with interviewer-administered modes for 

nonrespondents, became an opportunity to reduce survey costs, nonresponse, and non-

coverage rates (Dillman 2017; de Leeuw 2018; Olson et al. 2021). However, while some 



1 Introduction 

  

2 

methodical research has investigated the consequences of introducing the web mode in 

an ongoing face-to-face survey (Lüdtke and Schupp 2017; Bianchi et al. 2017; Cernat and 

Revilla 2021), the effects of incorporating the web mode in a traditional telephone single-

mode survey remain under-researched, particularly in the context of employee surveys. 

Employee surveys enable policymakers to make informed decisions by proactively ad-

dressing emerging challenges, such as skill shortages, and tailoring interventions that res-

onate with the evolving needs of the employed population (Swiss Federal Statistical Of-

fice 2021; German Federal Ministry of Labour and Social Affairs 2019). Examples of 

employee surveys are the China Employer-Employee Survey (CEES) (Li et al. 2022), and 

the German Digitalization and Change in Employment Survey (Arntz et al. 2020). Several 

reasons highlight why supplementing or replacing telephone with web data collection 

may be beneficial in employee surveys. First, telephone surveys tend to underestimate the 

share of employees (Yan et al. 2004; Kreuter et al. 2010; Lugtig et al. 2011; Voorpostel 

et al. 2020), as employed individuals are more likely to be occupied during the day com-

pared to nonworking individuals (Knabe et al. 2010). Second, employees are more likely 

to have internet access at home than more general populations (German Federal Office of 

Statistics 2022; US Census Bureau 2022). Third, in contrast to telephone surveys, web 

surveys can be conducted at any time and any place, which could be especially beneficial 

for busy employee subgroups (e.g., commuters and full-time workers). Fourth, introduc-

ing the web in a conventional telephone-only survey allows employees with outdated or 

missing telephone numbers (in the sampling frame) to be included in the fielded sample. 

Summarized, introducing the web in a traditional telephone employee survey can poten-

tially increase the response rate for employees, especially for those who are difficult to 

reach via telephone (de Leeuw 2018). Moreover, cost savings can be achieved by pushing 

employees to the cost-effective web starting mode (Dillman 2017).  
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On the other hand, introducing a web starting mode in an ongoing telephone panel survey 

may entail drawbacks, especially for employees who are used to being interviewed over 

the telephone. These panelists might not feel motivated to switch to the web mode. In 

addition, interviewer-administration may have served as a motivating factor for initial 

survey enrollment and sustained participation. Following web nonrespondents up with 

the original telephone mode may mitigate the risk of nonresponse during the transition. 

However, the effects of introducing the web into a previously telephone-only survey of 

the employed population remain an understudied issue. To address this research gap and 

shed light on the impacts of introducing a web starting mode in a traditional telephone 

employee survey, particularly regarding response rates, coverage, and survey costs, I an-

alyze a mode design experiment (described in more detail later) conducted within a tra-

ditional employee telephone survey. As prior research demonstrates diverse effects of 

introducing a web mode in a traditional interviewer-administered survey on panelists and 

refreshment cases (Jäckle et al. 2015), I address each group separately. I structured my 

dissertation as follows. Chapter 1 provides a thorough overview of key aspects, such as 

survey modes, while identifying research gaps and situating my dissertation within the 

broader research context. Chapter 2 describes the methodologies, and findings of my three 

dissertation contributions, each addressing different effects of introducing the web start-

ing mode in a conventional telephone single-mode survey, shown in Chapters 3, 4, and 5. 

My first contribution (Chapter 3; refreshment sample) and my second contribution (Chap-

ter 4; panel sample) investigate the impact of introducing the web in a traditional em-

ployee telephone survey on nonresponse (rates and bias) and survey costs. Additionally, 

my second contribution reports on an invitation letter experiment conducted in the panel 

sample. My third contribution (Chapter 5; refreshment sample) focuses on known tele-

phone number coverage (bias), nonresponse (bias), and total selection bias before and 
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after introducing the web in a traditional telephone survey. Chapter 6 discusses the results, 

scientific contributions, limitations, and practical implications of my dissertation.  

 

1.1 Survey lifecycle from a quality perspective  

The main goal of a survey is to generate unbiased estimators with low variance for values 

in the population (e.g., voting behavior) by interviewing a sample of the target population. 

However, this objective is jeopardized by various potential errors that can occur over the 

survey lifecycle (de Leeuw et al. 2008; Groves et al. 2009).  

In Figure 1, Groves et al. (2009) depict the steps involved in conducting a survey (white 

rectangles) and potential errors that may occur during the survey process (blue boxes at 

the margins). The graphic categorizes the survey life cycle into two main sections: the 

measurement side and the representation side. The measurement section includes errors 

that arise from the creation of the questionnaire to the editing of the responses. An exam-

ple is the measurement error that occurs when, for instance, respondents systematically 

underestimate their working time in the survey (Fowler and Cosenza 2009). The repre-

sentation section highlights errors that arise from defining the population over the sam-

pling process and up to the responses. An example of such an error is the sampling error, 

which arises from drawing a sample instead of interviewing the entire population (Lohr 

2008).  

Three points are crucial for understanding survey errors and their impact on data quality. 

First, the listed errors include a systematic component, referred to as bias, as well as an 

unsystematic component, referred to as variance. While the bias denotes the systematic 

deviation of an estimator from the true value (Groves et al. 2009), the unsystematic com-

ponent arises when a survey is conducted multiple times, and a sample unit participates 

in one round while refusing to participate in another (Groves 2005). Since the bias is the 
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focus of survey research, my dissertation prioritizes the systematic aspect, while disre-

garding variance. In my dissertation, bias and error consistently refer to systematic devi-

ations from the true values. Second, individual errors do not necessarily result in biases, 

but when errors collectively exhibit a systematic direction, they result in biases. If, for 

instance, respondents consistently underestimate their income in a survey, the data are 

affected by measurement error, which is not the case if respondents randomly over- or 

underestimate their income. Third, the errors are variable-dependent, meaning that while 

one variable might be influenced by an error, others could remain unaffected by the same 

error. For instance, in an employee survey, we might observe an overrepresentation of 

highly educated employees among respondents compared to the sample (nonresponse 

bias), while there might be no nonresponse bias concerning the gender distribution. My 

dissertation focuses on two potential errors on the representation side, namely, nonre-

sponse and coverage error, which will be described in the following sections. I note that 

while both terms—coverage bias and noncoverage bias—appear in scientific publica-

tions, I will use the term coverage bias in my dissertation due to its greater recognition in 

the survey research field. 

  



1 Introduction 

  

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Survey life cycle from a quality perspective (Groves et al. 2009) 
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sampling frame. Second, the sampling frame includes incomplete information (e.g., miss-

ing postal addresses) for some members of the target population (Lohr 2008). My disser-

tation emphasizes the second case of inadequate representation, specifically addressing 

the absence of telephone numbers in the sampling frame. For simplicity, I use the term 

coverage bias, which refers to the known telephone number coverage bias. 

Consider an example of coverage bias, where researchers aim to estimate the proportion 

of employees who work from home at least one day per week via a telephone survey. The 

researcher may draw a simple random sample from a list of all employees in Germany. 

This list may lack telephone numbers for some employees. If employees who work from 

home are more likely to have a listed telephone number than employees who do not work 

from home (e.g., 90% vs. 70%), telecommuters would be overrepresented in the sampling 

frame (coverage bias).  

The coverage bias for a sample mean relates to the proportion of the target population not 

covered by the sampling frame and the difference in means of the covered and uncovered 

population and can be expressed as follows: 

 y̅
C

−  y̅ =
U

N
( y̅

C
−  y̅

U
) (1) 

with  y̅,  y̅
C

 and  y̅
U

 denoting the target population, the covered, and the uncovered target 

population, respectively. N refers to the total number of members in the target population, 

and U describes the total number of members in the target population uncovered by the 

sampling frame.  

1.1.2 Nonresponse (Bias) 

Nonresponse refers to missing information on specific variables (item nonresponse) and 

the complete absence of survey participation (unit nonresponse). Both item and unit non-
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response can introduce nonresponse biases (Weisberg 2009), which occur when the val-

ues of the respondents on a particular survey item deviate from those of the nonrespond-

ents (Groves and Peytcheva 2008). My dissertation focuses on unit nonresponse, subse-

quently referred to as nonresponse throughout this document. 

Consider the earlier example (Section 1.1.1), where researchers aim to assess the preva-

lence of telecommuting using a list-based telephone survey. If telecommuters are more 

inclined to participate in the survey (e.g., 50%) compared to non-telecommuters (e.g., 

10%) due to their higher contactability, the survey would result in an overestimation (non-

response bias) of telecommuting prevalence among the employed population. Moreover, 

the overestimation of the telecommuting prevalence would be compounded by the cover-

age bias (previous example). Thus, both errors addressed in my dissertation (coverage 

and nonresponse) could either offset or reinforce each other. 

The nonresponse bias (NB) for a sample mean is the product of the nonresponse rate and 

the disparity between the respondent and nonrespondent mean and can be expressed as 

follows: 

 y̅
𝑟

−  y̅
𝑠
 =

𝑚𝑠

𝑛𝑠
( y̅

r
−  y̅

m
) (2) 

where  y̅
𝑠
 is the mean of the sample,  y̅

𝑟
 is the mean of the respondents and  y̅

𝑚
 refers to 

the mean of the nonrespondents. The terms 𝑛𝑠 and 𝑚𝑠 refer to the total number of sample 

members and the total number of nonrespondents, respectively.  
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1.1.3 Outcome Rates and Biases 

Over the past few decades, survey response rates, which generally represent the propor-

tion of obtained interviews from the selected sample (AAPOR 2023), have steadily de-

clined (de Leeuw and de Heer 2002; Czajka and Beyler 2016; Luiten et al. 2020). This 

trend raises concerns as the nonresponse bias is often assumed to be lower when the re-

sponse rate is higher (Koch and Blohm 2015; Schnell 2019; Kantar 2023). However, an 

examination of the nonresponse bias calculation (Equation 1) reveals that the response 

rate can only indicate the potential for nonresponse bias. The higher the response rate, the 

lower the risk for nonresponse bias. But, even with a low response rate, the nonresponse 

bias may be small, especially if nonresponse occurs at random.  

Meta-analyses by Groves (2006, n = 30 publications), Groves and Peytcheva (2008, n = 

47 publications), and Dickson et al. (2023, n = 149 publications) address the relationship 

between response rates and nonresponse bias. The main finding from all meta-analyses is 

that the response rate alone is a weak predictor of the magnitude of nonresponse bias in a 

specific variable.  

Equation 2 (coverage bias) shows that an increasing coverage rate decreases the risk of 

coverage bias. As coverage bias is closely related to sampling frames (Weisberg 2009), 

meta-analyses on the connection between coverage rates and coverage bias are sparse. 

The next section elaborates on methodologies for identifying nonresponse and coverage 

errors. 
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1.1.4 Assessing Nonresponse Bias and Coverage Bias 

Various methods for estimating coverage and nonresponse bias are established in the lit-

erature (Groves 2006). I will concentrate on the most used ones and discuss their appli-

cation in my dissertation.  

A primary method for estimating nonresponse biases is the comparison of different sub-

groups, such as early and late respondents, respondents and converted refusals, or re-

spondents of the main questionnaire and participants of the refusal questionnaire. The 

underlying premise of this approach is that late respondents, converted refusals, and re-

spondents of the refusal questionnaire would have been nonrespondents without addi-

tional efforts (such as increased contact attempts or refusal conversion) (Schnell 1997; 

Groves and Couper 1998; Stoop 2005; Billiet et al. 2009; Weinhardt and Liebig 2015). 

The differentiation between early and late respondents can be based on the a) number of 

contact attempts, and b) field time (e.g., days) until the interview is completed (Yan et al. 

2004). However, it remains unclear to what extent a) late respondents, b) converted re-

fusals, or c) participants in a refusal questionnaire resemble final nonrespondents. As-

suming a continuum of nonresponse, the difference between respondents and a) converted 

refusals or b) participants of a refusal questionnaire on survey items can be interpreted as 

the lower limit of nonresponse bias (Lin and Schaeffer 1995; Schnell 1997; Billiet et al. 

2007; Kaminska et al. 2010). 

Nonresponse bias can also be assessed by contrasting survey results with comparable in-

formation from more reliable sources, such as census data. The nonresponse bias is then 

determined by examining the disparity between the distribution of the external data and 

the distribution of the survey data. Weaknesses of this method include the frequent limi-

tation of external data to a few variables and the possible divergent target populations and 
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data collection methods of survey data and external data (Schnell 1997; Groves 2006; 

Billiet et al. 2009; Stoop et al. 2010). 

Assessing nonresponse bias may entail comparing the characteristics of respondents and 

nonrespondents using individual non-survey data, such as the sampling frame or external 

sources. Moreover, when the sampling frame covers the entire target population but lacks 

specific information (e.g., telephone numbers) for certain cases, this approach facilitates 

estimating coverage bias by contrasting cases with known telephone numbers (covered) 

and those with unknown numbers (noncovered). The strength of this method lies in the 

availability of individual sampling frames or external data for the entire sample, enabling 

precise estimations of nonresponse and coverage bias. If there is a suspected link between 

the survey and individual non-survey data, the differences between respondents and non-

respondents or covered and noncovered cases indicate potential biases in the survey var-

iables (Schnell 1997; Groves 2006; Stoop et al. 2010). In my dissertation, I utilize sam-

pling frame and external data of the Institute for Employment Research (IAB), the Ger-

man Federal Office of Statistics (DESTATIS), and the German Federal Ministry of 

Transport and Digital Infrastructure (BMVI) to estimate nonresponse and coverage bias. 

The following section delves into the data collection methods employed in my disserta-

tion. 

 

1.2 Data Collection 

Survey data can be gathered through interviewer-administered (telephone and face-to-

face) or self-administered (web and mail) data collection methods. Since telephone and 

web data collection methods are used in my dissertation, this chapter focuses on these 

methods.  
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1.2.1 Telephone 

Telephone surveys are an interviewer-administered data collection method where inter-

viewers, often stationed in telephone studios, ask questions to respondents via telephone 

(whether mobile or landline). Responses are usually recorded using specialized telephone 

survey software (Biffignandi and Bethlehem 2021; Dutwin and Buskirk 2021). Telephone 

survey samples can be drawn by using random-digit dialing (RDD) and list-based meth-

ods. RDD telephone surveys entail calling randomly generated telephone numbers, 

whereas list-based surveys rely on sampling frames that include telephone numbers (Lav-

rakas 2010). In my dissertation, all telephone surveys utilized a dual-frame approach (in-

cluding both mobile and landline numbers), with samples selected from an employee list 

that included telephone numbers. 

Telephone surveys gained prominence as the primary data collection method in various 

research fields across the USA and Europe by the 1980s. This transition was largely mo-

tivated by their cost-effectiveness compared to face-to-face interviews (Lavrakas 2010; 

Groves 2011). Recent decades have seen telephone surveys facing growing challenges 

due to technological advancements, such as answering machines, caller identification, 

and call-blocking, which contributed to increased survey costs and nonresponse rates by 

necessitating more contact attempts to reach sampling units (Kempf and Remington 2007; 

Steeh 2008; Groves 2011). Besides the decreasing survey costs (Olson 2021; Olson et al. 

2021) and declining response rates (Czajka and Beyler 2016; Kennedy and Hartig 2019; 

Luiten et al. 2020), telephone surveys also face growing coverage issues, mainly due to 

two main developments. First, in the early 1990s, many European countries ceased the 

requirement for mandatory registration of telephone numbers (Beukenhorst 2012; Stähli 

2012; Kuusela and Simpanen 2012). Subsequently, the decline in listed telephone num-

bers has resulted in sampling frames with missing telephone numbers and higher survey 
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costs due to the need for additional telephone number research (Lipps et al. 2015; Dal 

Grande et al. 2016; Häder and Sand 2019). Second, the worldwide transition from land-

line to mobile telephone adoption (Worldbank 2023a, b) represented another challenge 

for telephone surveys as mobile numbers are often changed, and rarely listed in public 

telephone directories (Kempf and Remington 2007; Häder and Sand 2019). To counteract 

the outlined challenges, many telephone surveys have switched completely to a web sin-

gle-mode or introduced the web as an additional data collection method (Olson et al. 

2021). However, the effects of introducing the web mode in a traditional telephone single-

mode survey (e.g., on nonresponse and survey costs) remain insufficiently researched and 

constitutes a focal point of my dissertation.  

1.2.2 Web 

Web surveys are a self-administered data collection method where respondents answer a 

programmed questionnaire on a computer screen (e.g., classical computer or smartphone) 

without the presence of an interviewer (Groves 2011; Biffignandi and Bethlehem 2021). 

All web surveys utilized in my dissertation were conducted using traditional computers 

and smartphones, with responses stored in the web survey software. 

By the 1980s, the expansion of the internet—an electronic network of computers—facil-

itated the adoption of internet data collection methods (e.g., email surveys and down-

loadable questionnaires). The rising spread of the 1989 launched World Wide Web (ab-

breviated as web) pushed internet surveys further by offering computers connected to the 

internet access to websites. With rising internet penetration, web surveys have become 

the most important data collection method over the internet (Couper 2000; Couper and 

Bosnjak 2010). 

Web surveys present three significant advantages over interviewer-administered meth-

ods. First, the absence of interviewer costs makes web data collection an appealing option 



1 Introduction 

  

14 

for cost savings (Dillman 2017; Olson et al. 2021). Second, participation in web surveys 

is not restricted to the working hours of interviewers, a feature particularly advantageous 

for employees with long work schedules. Third, despite historical concerns regarding lim-

ited internet coverage impacting web survey feasibility (Zillien and Hargittai 2009; Mo-

horko et al. 2013; Haight et al. 2014; Couper et al. 2018), recent advancements have seen 

a notable increase in global internet accessibility, particularly among employed popula-

tions (German Federal Office of Statistics 2022; US Census Bureau 2022).  

These advantages of web surveys (compared to interviewer-administered ones) prompt 

the potential for pure web surveys. Conversely, previous research indicates that web sin-

gle-mode surveys produce more specific samples than telephone single-mode surveys 

(e.g., highly educated samples) (Lugtig et al. 2011; Laaksonen and Heiskanen 2014; 

Lesser et al. 2023; Szeitl et al. 2023). Thus, utilizing a combination of survey modes, such 

as starting with the web and following web nonrespondents by telephone, could address 

the diverse preferences of participants and potentially decrease nonresponse (rates and 

bias) as well as survey costs (Dillman 2017; de Leeuw 2018; Olson et al. 2021).  

1.2.3 Mixing Telephone and Web 

In a mixed-mode survey, two or more data collection modes are employed (Dillman and 

Edwards 2016). This includes, for instance, variations in survey modes across questions, 

such as using self-administered modes for sensitive questions in an otherwise interviewer-

administered survey or surveying different respondents via different modes by using a 

sequential or concurrent mixed-mode design (de Leeuw 2018). Concurrent mixed-mode 

designs offer two or more modes (e.g., web and telephone) at the same time, while se-

quential mixed-mode designs present different survey modes one after another (Couper 

2011; de Leeuw 2018; Biffignandi and Bethlehem 2021). In my dissertation, I utilize a 
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sequential mixed-mode approach, initially inviting participants to respond via the web 

and following the web nonrespondents by telephone. 

Until the 21st century, most surveys used a single-mode design. However, single-mode 

surveys are facing rising challenges as declining response rates and rising survey costs 

(Dillman and Messer 2010; Dillman 2017; Olsen et al. 2021). In response to these chal-

lenges, sequential mixed-mode designs are increasingly used to reduce survey costs by 

pushing respondents to an inexpensive mode (e.g., web) and increase response rates 

through following nonrespondents by more expensive interviewer-administered modes 

(e.g., telephone) (de Leeuw et al. 2008; Groves 2011; Callegaro et al. 2015; Dillman 

2017). 

However, while some conventional telephone surveys have incorporated the web mode 

(Olsen et al. 2021; Voorpostel et al. 2021), the actual effects of introducing the web on 

outcome rates (response, coverage), biases (nonresponse, coverage, and total selection), 

and survey costs remain unexplored. The next chapter summarizes the main findings of 

my three dissertation contributions, which aim to address these research gaps. 
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2 Summary of Dissertation Contributions 

Table 1 shows the research topics covered in my three dissertation contributions, which 

all explore different effects of introducing the web starting mode in a traditional employee 

telephone panel survey: the Linked Personnel Panel (LPP). I use the terms contribution 

and study simultaneously to denote my research contributions. The main effects of intro-

ducing web, studied in my first contribution “Introducing Web in a Telephone Employee 

Survey: Effects on Nonresponse and Costs”, and second contribution “Transitioning an 

Employee Panel Survey from Telephone to Online and Mixed-Mode Data Collection”, 

were nonresponse (rates and bias), and survey costs. In addition to focusing on wave 4 

refreshment cases in my first contribution and on wave 4 panel cases in my second con-

tribution, an invitation letter experiment was conducted in the latter to assess how men-

tioning upcoming telephone follow-ups in the web invitation impacts response rates and 

respondent composition. My third contribution “Going Online with a Telephone Em-

ployee Survey: Effects on Coverage, Nonresponse and Total Selection Bias”, focused on 

known telephone number coverage (bias), nonresponse (bias) and total selection bias as 

well as on survey costs in the refreshment samples before (wave 1 to 3) and after (wave 

4 to 5) introducing the web. To simplify, I use the term coverage bias to describe the 

known telephone number coverage bias. 

My three contributions employed an experimental design (conducted during waves 4 and 

5 in the LPP), assigning refreshment (Contribution 1 and 3) and panel employees (Con-

tribution 2) to either a single-mode (telephone) or a sequential mixed-mode (web-tele-

phone) design, as illustrated in Figure 1. To disentangle the effects of the web starting 

mode from the full web-telephone mixed-mode design and to evaluate single-mode com-

parisons, the analyses include a single-mode comparison: telephone from the single-mode 
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design vs. web starting mode from the mixed-mode design, and a mode design compari-

son: single-mode telephone vs. sequential web-telephone mixed-mode. Note that tele-

phone follow-up respondents of the web-telephone mixed-mode design were treated as 

nonrespondents in the web starting mode. I use the terms web starting mode and web 

single-mode to denote the web phase of the mixed-mode design. Additionally, the terms 

web-telephone and web-to-telephone are used in different dissertation chapters to de-

scribe the sequential mixed-mode design, where the survey begins with the web mode 

and follows up with telephone for web nonrespondents. To address my research ques-

tions, I utilized extensive administrative data, including information from the Institute for 

Employment Research (IAB), the German Federal Office of Statistics (DESTATIS), and 

the German Federal Ministry of Transport and Digital Infrastructure (BMVI), as well as 

previous survey responses and paradata (shown in Table 2). 

Joe Sakshaug and I collaborated on my three dissertation contributions. The first (Chapter 

3) is published in the Journal of Survey Statistics and Methodology (Mackeben and 

Sakshaug 2023a), the second (Chapter 4) in the Statistical Journal of the IAOS (Mackeben 

and Sakshaug 2023b), and the third (Chapter 5) was submitted to the Journal of Survey 

Statistics and Methodology (Mackeben and Sakshaug 2024) on April 11, 2024. 
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Table 1. Research Questions Addressed in my Dissertation Contributions 

 Outcome Rates Regression Models Data Quality Survey Features 

Coverage 

Rates 

Response 

Rates 

Known Tel. 

Number 

Survey Re-

sponse 

Coverage 

Bias 

Nonresponse 

Bias 

Selection 

Bias 

Survey Costs Inv. Letter 

Experiment 

Study 1  x (R)  x (R)  x (R)  x (R)  

Study 2  x (P)  x (P)  x (P)  x (P) x (P) 

Study 3 x (R) x (R) x (R)  x (R) x (R) x (R) x (R)  

Notes: Tel = telephone, R = refreshment sample, P = panel sample, Inv = invitation. 
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Figure 1. The Mode Design Experiment Conducted in Waves 4 and 5 of the LPP Employee Survey 

Note: Tel = telephone. The invitation letter sent to groups 2, 4, 7 did not mention telephone follow-ups, while the invitations sent to group 5 did mention telephone follow-ups. 
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Table 2. Variables used in my Dissertation Contributions 

Variables Study 1  Study 2 Study 3 

Demographics    

Sex X X X 

Age X X X 

German citizenship X X X 

Secondary education X X X 

Higher education X X X 

Employment    

Employment contract X X X 

Daily earnings X X X 

Occupation X X X 

Years working for employer X X X 

Benefit    

Benefits last 10 years X X X 

Job seeking last 10 years X X X 

Job seeking days last 10 years X   

Geodata    

Region X X X 

Urbanicity X X X 

Commute X X  

Fast internet X X  

LPP Survey data    

Teleworking  X  

General trust  X  

Household size  X  

Big Five: Openness  X  

Big Five: Extraversion  X  

Big Five: Agreeableness  X  

Big Five: Conscientiousness  X  

Big Five: Neuroticism  X  

Employee linkage consent  X  

LPP Paradata    

Contact attempts wave 3  X  

First interview wave  X  

Item nonresponse wave 3  X  

Employer linkage   X  
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2.1 Introducing Web in a Telephone Employee Survey: Effects 

on Nonresponse and Costs 

My first dissertation contribution examines the effects of introducing the web mode in 

the refreshment sample of a traditional employee telephone single-mode survey on re-

sponse rates, nonresponse bias, and survey costs. Newly drawn employees with known 

telephone numbers were randomly allocated to two groups: a single-mode telephone de-

sign (n = 7,197) and a sequential web-telephone mixed-mode design (n = 7,196) to ad-

dress the following research questions:  

1. To what extent do response rates differ between telephone and web modes, and 

between a single-mode telephone design and a sequential web-telephone mixed-

mode design for an employee survey? 

2. Does nonresponse bias vary between telephone and web modes, and between a 

single-mode telephone design and a sequential web-telephone mixed-mode de-

sign? 

3. Do certain types of employees (e.g., commuters, full-time workers) vary in their 

likelihood to participate via a web starting mode or a sequential web-telephone 

mixed-mode design versus a single-mode telephone design? 

4. To what extent do survey costs differ between a single-mode telephone design 

and a sequential web-telephone mixed-mode design? 

The results can be summarized into four points. First, the inclusion of a web starting mode 

(9.85%) or a full web-telephone sequence (13.04%) significantly increased the response 

rates compared to using the traditional telephone single-mode design (5.88%). Second, 

both the web starting mode (highest) and full web-telephone design (second highest) 

showed a higher aggregate nonresponse bias than the telephone single-mode design. 
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Third, the likelihood of participation varied among employee subgroups. Full-time em-

ployees and employees working in business or administrative occupations were signifi-

cantly more likely to participate via the web than by telephone. Fourth, the costs per re-

spondent were lowest in the web starting mode, followed by the web-telephone mixed 

mode design, and highest in the telephone single-mode. Overall, the study suggests that 

introducing a web starting mode in the refreshment sample of an employee telephone 

survey can improve response rates and cost efficiency but increase nonresponse bias. 

 

2.2 Transitioning an Employee Panel Survey from Telephone to 

Online and Mixed-Mode Data Collection 

My second dissertation contribution investigates the impact of incorporating the web into 

a traditional telephone employee panel survey, focusing on response rates, nonresponse 

bias, and survey costs. All panel cases were randomly divided into two groups: a tele-

phone single-mode design (n = 2,062) and a web-telephone mixed-mode design (n = 

3,056). In an additional invitation letter experiment, 997 employees allocated to the 

mixed-mode design received an invitation letter that did not mention upcoming telephone 

calls, while a second subgroup of employees (n = 996) in the mixed-mode group received 

invitations that mentioned upcoming telephone calls. The primary research questions ad-

dressed are as follows: 

1. Does mentioning the planned telephone follow-ups in the invitation letter af-

fect web take-up rates and participation in the mixed-mode design? 

2. Does switching from a single-mode telephone design to a sequential web-tel-

ephone mixed-mode design in an ongoing employee panel survey affect re-

sponse rates in the initial wave of the switch? 
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3. Are there differences in nonresponse bias between the telephone-only design 

and either a) the web starting mode or b) the full sequential web-telephone 

mixed-mode design? 

4. Does the likelihood of participation vary for specific 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? 

The study reveals five main findings. First, invitation letter variations, whether mention-

ing telephone follow-ups or not, did not significantly affect response rates and respondent 

composition for the web starting mode and the full web-telephone sequences. Second, the 

sequential web-telephone design yielded a higher response rate than the single-mode tel-

ephone design. Third, although aggregate nonresponse bias was larger in the web starting 

mode compared to the telephone single-mode, conducting telephone follow-ups with web 

nonrespondents reduced the aggregate nonresponse bias to a level that is comparable to 

that of the telephone single-mode design. Fourth, high conscientiousness individuals 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 compared to the telephone single-

mode. None of the other variable categories affected the likelihood of participating in the 

web starting mode vs. telephone single-mode and in the web-telephone mixed-mode de-

sign vs. the telephone single-mode design significantly. Fifth, the web starting mode 

(lowest) and the web-telephone design (second lowest) demonstrated a cost advantage 

over the telephone single-mode design. In summary, the study demonstrates that transi-

tioning a telephone employee panel survey to a sequential web-telephone mixed-mode 

design reduces nonresponse rates and survey costs, without impacting nonresponse bias 

for panel cases. 
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2.3 Going Online with a Telephone Employee Survey: Effects on 

Coverage, Nonresponse, and Total Selection Bias 

My third contribution focuses on three different aspects. First, known telephone number 

coverage in the refreshment samples of the LPP employee survey was examined over the 

course of the survey (wave 1: n = 43,616, wave 2: n = 38,191, wave 3: n = 31,374, wave 

4: n = 24,840, wave 5: n = 24,416). Second, known telephone number coverage, nonre-

sponse, and total selection bias in the refreshment samples of the LPP employee survey 

were explored during exclusive telephone survey periods (waves 1 to 3). Third, experi-

ments were conducted to understand the effects of introducing web in a traditional tele-

phone single-mode survey on total selection bias and survey costs in waves 4 and 5. For 

the experiment, employees with a known telephone number (wave 4: n = 14,393, wave 

5: n = 16,274) and those with an unknown telephone number (wave 4: n = 10,477, wave 

5: n = 8,142) were randomly allocated between a traditional telephone single-mode and a 

sequential web-telephone mixed-mode design. In the single-mode telephone group, em-

ployees with unknown telephone number were treated as noncovered, while in the web-

to-telephone mixed-mode group these cases were treated as covered by the web mode, 

which was the only feasible mode of interview. The following research questions were 

addressed: 

1. To what extent has the known telephone number coverage rate changed over the 

first five waves (8 years) of the LPP survey? 

2. Are specific employee subgroups more (or less) likely to have a known telephone 

number? Have these subgroup coverage patterns changed over time?  

3. How large are known telephone number coverage biases in the first three waves 

of the LPP survey, i.e., before introducing the web mode? 
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4. What is the magnitude of total selection bias (noncoverage and nonresponse bias) 

in the first three waves of the LPP, i.e., before introducing the web mode? Do 

coverage and nonresponse biases offset or reinforce each other? 

5. Does total selection bias differ between a single-mode telephone and a sequential 

web-to-telephone mixed-mode design? Is there a trade-off between coverage and 

nonresponse rates and bias? 

6. What is the impact of introducing the web mode on survey costs and potential cost 

savings? 

Addressing the research questions resulted in six main findings. First, known telephone 

number coverage rates generally declined over the survey waves. Second, some employee 

subgroups (e.g., high-income earners and non-German citizens) were significantly less 

likely to have a known telephone number compared to their reference groups. Third, cov-

erage bias was prevalent and increased before the adoption of the web mode. Fourth, 

coverage bias and nonresponse bias offset each other for most variable categories, result-

ing in selection bias that lies between nonresponse and coverage bias for most variable 

categories in the exclusive telephone survey data collections. Fifth, the web-telephone 

mixed-mode design yielded—despite increasing response rates and eliminating coverage 

bias—a higher aggregate a) nonresponse bias and b) total selection bias compared to the 

traditional telephone single-mode. Sixth, introducing the web resulted in cost savings per 

interview compared to the telephone single-mode. Overall, the study found that introduc-

ing the sequential web-telephone design reduced nonresponse rates and survey costs but 

increased total selection bias compared to the traditional telephone single-mode. 
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3 Introducing Web in a Telephone Employee Survey: Effects 

on Nonresponse and Costs 

 

Abstract  

Policy decisions in business and economic fields are often informed by surveys of em-

ployees. Many employee surveys use costly interviewer-administered modes to reach this 

special population. However, certain employee subgroups may be especially hard to reach 

using these modes. Thus, besides high administration costs, nonresponse bias is a con-

cern. To reduce costs and potential nonresponse bias, some employee surveys have intro-

duced web as part of a sequential mixed-mode design. However, the impact of introduc-

ing web on response rates, nonresponse bias, and costs in employee surveys is understud-

ied. The present study addresses this research gap by analyzing a mode design experiment 

in which employees selected for a national survey in Germany were randomly assigned 

to a single-mode telephone design or a sequential web-telephone mixed-mode design. 

The study revealed four main findings. First, introducing the web mode significantly in-

creased the response rate compared to the telephone single-mode design. Second, despite 

the higher response rate, aggregate nonresponse bias was higher in the mixed-mode de-

sign than in the single-mode design. Third, the likelihood of web participation varied 

across certain employee subgroups, including occupation type and employment contract. 

Lastly, potential cost savings were evident under the mixed-mode design. 
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3.1 Introduction 

In recent decades, surveys worldwide have experienced declining response rates (Luiten 

et al. 2020), with telephone surveys experiencing particularly steep declines (Brick and 

Williams 2013; Czajka and Beyler 2016). For example, the Pew Research Center, a major 

contributor of telephone surveys in the United States, reported a mean telephone response 

rate of 36 percent in 1997 and just 6 percent in 2018 (Kennedy and Hartig 2019). Tele-

phone surveys in other countries, including Germany, have also been affected by declin-

ing response rates (Häder and Häder 2019). The decreasing number of households with 

landline telephones and the use of screening technologies (e.g., answering machines, 

caller identification) may have partially contributed to diminishing telephone survey re-

sponse rates (Dillman 2017). Meanwhile, internet coverage has increased rapidly in west-

ern countries (Ryan 2017; Eurostat 2020; German Federal Office of Statistics 2020a), 

which has contributed to the growth of web surveys in these countries (Baker et al. 2010; 

ADM 2021). 

A significant advantage of web surveys is that they offer more cost-effective and timely 

data collection compared to telephone surveys (Galesic et al. 2006; Tourangeau 2017; de 

Leeuw 2018). Cost savings can also occur in sequential mixed-mode surveys when sam-

ple units are “pushed” to the less-expensive web mode while more expensive modes (e.g., 

telephone) are used only for nonresponse follow-up (Dillman 2017). The potential for 

cost savings has likely contributed to many surveys transitioning from primarily inter-

viewer-administered modes to web-first sequential mixed-mode designs. For example, 

the UK Household Longitudinal Study adopted a web-to-face-to-face sequential mixed-

mode design from wave 7 to replace a primarily face-to-face design (Kantar 2017). Fur-

ther examples are the labor force surveys of the Netherlands and Lithuania. Both surveys 
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transitioned from interviewer-administered designs to a web-first sequential mixed-mode 

design, with nonrespondents followed up by face-to-face or telephone (Eurostat 2018a). 

Introducing web as part of a mixed-mode design can also reduce errors of nonobservation, 

such as nonresponse (de Leeuw and Hox 2011; Dillman et al. 2014; de Leeuw 2018), 

especially in surveys where certain subgroups of the population may be difficult to reach 

via interviewer-administration. This is particularly relevant for employee surveys which 

several countries use to study characteristics of their workforce (Statistics Canada 2017; 

Eurostat 2018a). The employed population differs from the general population on key 

aspects which may influence take-up of the web mode in a mixed-mode design. First, the 

employed population is primarily an age-truncated subgroup of the general population, 

which underrepresents the oldest age groups who are less likely to use the web (Zillien 

and Hargittai 2009; Haight et al. 2014). Second, employed persons have a higher likeli-

hood of having internet access at home than the general population (US Census Bureau 

2019; German Federal Office of Statistics 2020a). Third, employees are more difficult to 

reach via interviewer-administration (Yan et al. 2004; Asef and Riede 2006; Kreuter et 

al. 2010; Guzy 2015), as they are more likely to be occupied during the day or evenings 

Knabe et al. 2010). Given these factors, the employed population may benefit the most 

from being offered an online mode as opposed to an interviewer-administered one.  

In this article, we study the effects of introducing a web starting mode on participation in 

a national employee telephone survey. Specifically, this study uses an experimental de-

sign where employees were randomly assigned to a single-mode (telephone) or a sequen-

tial mixed-mode (web-telephone) design. Extensive administrative data are used to eval-

uate indications of nonresponse bias and identify subgroups that are differentially affected 

by the two individual modes and both mode designs. The following research questions 

are addressed: 
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1. To what extent do response rates differ between telephone and web modes, and 

between a single-mode telephone design and a sequential web-telephone mixed-

mode design for an employee survey? 

2. Does nonresponse bias vary between telephone and web modes, and between a 

single-mode telephone design and a sequential web-telephone mixed-mode de-

sign? 

3. Do certain types of employees (e.g., commuters, full-time workers) vary in their 

likelihood to participate via a web starting mode or a sequential web-telephone 

mixed-mode design versus a single-mode telephone design? 

4. To what extent do survey costs differ between a single-mode telephone design 

and a sequential web-telephone mixed-mode design? 

The remainder of the article is organized as follows. Section 3.2 provides a detailed liter-

ature review on mixed-mode surveys with a focus on telephone and web modes. Section 

3.3 describes the mode experiment, data sources, and variables used in the analysis. The 

methodology and analysis procedures are introduced in Section 3.4. The study results are 

presented in Section 3.5 and a discussion of the results and their implications for survey 

practice is provided in Section 3.6. 

 

3.2 Background 

3.2.1 Mixed-Mode Surveys  

Mixed-mode surveys can either be implemented concurrently or sequentially (Couper 

2011). A concurrent design offers multiple modes simultaneously, whereas in a sequential 

design the modes are introduced in phases. In the first phase, all sampled units are offered 
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the same initial mode, whereas in the second phase, remaining nonrespondents are fol-

lowed up with a secondary mode. Some designs implement additional phases and modes 

for nonresponse follow-up. As stated earlier, a key advantage of sequential mixed-mode 

surveys is that sample units may be pushed to the more cost-effective (usually self-ad-

ministered) mode, which is typically offered in the first phase (de Leeuw 2018). For this 

reason, telephone surveys transitioning to a mixed-mode design tend to favor the sequen-

tial variant over the concurrent one (Olson et al. 2020a). 

In the context of the present study, a sequential web-telephone design has other potential 

advantages over a single-mode telephone design. In addition to potential cost savings 

(Dillman 2009), it can reduce coverage bias (de Leeuw and Hox 2011). For example, in 

telephone surveys, a list frame may contain outdated or missing telephone numbers. Of-

fering a web mode overcomes this coverage problem, if postal or email addresses are 

available, by allowing sampled units with invalid telephone numbers to participate online 

via the provided link. Further, introducing the web mode can potentially increase the re-

sponse rate for certain subgroups that are difficult to reach via interviewer-administration 

(de Leeuw 2018). This could be especially important for the employed population who 

are often unavailable during the days or evenings. While telephone calls are restricted to 

certain times of day, the web mode offers the convenience of participating at any time. 

Moreover, employees who work in occupations that rely heavily on using an internet-

enabled computer, such as business and administration, may participate in the survey dur-

ing work hours. We expect these occupations to have higher web take-up rates compared 

to occupations which are less reliant on internet-enabled computer use, such as produc-

tion. In short, introducing web in a sequential mixed-mode design may facilitate em-

ployee survey participation to a greater extent than a single-mode telephone design.  
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3.2.2 Effects of Telephone Versus Web on Survey Participation  

In line with rising internet penetration, the number of studies comparing web and tradi-

tional survey modes has also risen. Early studies, focusing on special populations with 

high internet coverage (e.g., university students), found no difference in response rates 

between web and telephone (Christian 2007; Smyth et al. 2008). More recent mode com-

parison studies, involving general population samples, found a higher response rate for 

telephone compared to web (Schouten et al. 2013; Laaksonen and Heiskanen 2014; Lipps 

and Pekari 2016). As noted in the introduction, employed persons differ on certain char-

acteristics from the general population that may make them more amenable to web survey 

participation. Consistent with this notion, Lugtig et al. (2011) found in an experimental 

mode comparison study that the web mode produced a higher share of employed respond-

ents than the telephone mode. Greene et al. (2008) experimentally compared two sequen-

tial mixed-mode designs in the second wave of an employee survey—web-telephone and 

telephone-web—and found that the web starting mode yielded a higher response rate than 

the telephone starting mode. However, this result was likely influenced by the fact that 

the first wave was conducted entirely online and participants were already accustomed to 

the web survey, which is unlikely to be the case for a general population sample of em-

ployees. 

Apart from the response rate, research has shown that web and telephone modes bring in 

different types of respondents (Revilla 2010; Lugtig et al. 2011; Laaksonen and 

Heiskanen 2014; Kappelhof 2015; Klausch et al. 2015). For example, experimental mode 

comparison studies have shown that the web mode produces a higher share of highly 

educated respondents compared to other modes (Link and Mokdad 2005; Lugtig et al. 

2011; Laaksonen and Heiskanen 2014). This result could be partially explained by the 

fact that higher educated individuals are more likely to have internet access at home than 
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lower educated ones (Eurostat 2018b), and internet activity and digital affinity increase 

with education (Zillien and Hargittai 2009; Haight et al. 2014; Herzing and Blom 2019). 

Greene et al. (2008) found no demographic differences between respondents of the web 

and telephone starting modes in their employee panel survey. Again, this result could be 

due to all employees being interviewed online in the previous wave. With respect to the 

employee population, other characteristics besides demographics may play a role in the 

decision to participate via web or telephone, such as those that are correlated with internet 

access (e.g., occupation) and availability to be contacted by an interviewer (e.g., working 

hours, commuting distance), which are explored less in the mixed-mode literature.  

3.2.3  Effects of Single-Mode Telephone Versus Sequential Web-

Telephone Designs on Survey Participation  

Aside from comparing individual modes, there is little research studying the impacts of a 

single-mode telephone design and a sequential web-telephone design on response rates 

and nonresponse bias. The sparse research shows that following up web nonrespondents 

by telephone increases the response rate in surveys of employees (Greene et al. 2008) and 

more general populations (Dillman et al. 2009), and that a web-telephone sequence may 

yield a higher response rate than a single-mode telephone design among employees 

(Greene et al. 2008). The fact that web and telephone modes tend to bring in different 

types of respondents also suggests that mixing web and telephone modes may potentially 

reduce nonresponse bias relative to a single-mode design. However, estimates of nonre-

sponse bias are seldom reported in the literature.  

In summary, there are only few studies comparing single-mode telephone and sequential 

web-telephone designs with respect to response rates and nonresponse bias, and even 

fewer that specifically target the employee population. Moreover, as noted earlier, some 

comparison studies are limited in their ability to compare the different mode designs. Our 
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contribution to the literature provides results from a mode design experiment embedded 

within a survey of the employed population in Germany, where sampled employees were 

randomized to a single-mode telephone or a sequential web-telephone design. The eval-

uation of the experiment makes use of extensive administrative employee data to generate 

proxy estimates of nonresponse bias and identify subgroups that vary in their likelihood 

to participate in either mode or mode design. The results of this analysis will inform prac-

titioners on the possible cost and data quality implications of introducing web in a tele-

phone survey of employees. We note that data quality can also be affected by differential 

measurement error caused by mixing modes (de Leeuw 2005, 2018). Although this is an 

important problem, we do not address measurement effects in the present study. 

 

3.3 Mode Experiment and Data Sources 

The data used in this study come from the cross-sectional sample of the fourth wave of 

the Linked Personnel Panel (LPP) employee survey and administrative data from the In-

stitute for Employment Research (IAB), the German Federal Office of Statistics 

(DESTATIS), and the German Federal Ministry of Transport and Digital Infrastructure 

(BMVI). 

3.3.1 LPP Employee Survey 

The LPP is a linked employer–employee panel survey in Germany, which is designed for 

research on personnel economics by simultaneously observing the employer and em-

ployee perspectives (Ruf et al. 2020). The study is sponsored by the IAB and the German 

Federal Ministry of Labour and Social Affairs (BMAS). The first component of the LPP 

is a face-to-face employer panel survey that covers topics related to digitalization, human 

resource development, and structural features. Its sampling frame comprises all establish-

ments that participated in a preceding survey—the IAB Establishment Panel (IAB-EP). 
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The IAB-EP is a representative employer survey of all establishments in Germany with 

at least one employee subject to social insurance contributions. Establishments excluded 

from the target population are (a) those with less than 50 employees subject to the social 

insurance system, (b) agricultural, fishing, forestry, and public sectors, and (c) nonprofit, 

charitable, or church institutions. The first wave (2012) of the LPP employer survey con-

sisted of a random sample of establishments that completed an IAB-EP interview in 2011. 

Responding LPP establishments were re-contacted in the second (2014), third (2016), and 

fourth (2018) waves. In reaction to panel attrition, refreshment samples were drawn in 

the third and fourth waves. 

The LPP employee panel survey forms the second component of the LPP and covers 

topics related to employee health and working conditions. In the first wave (2013), three 

months after the end of the LPP employer survey, a random sample of employees subject 

to social insurance was drawn from the responding establishments and recontacted in 

three subsequent waves. Due to panel attrition, refreshment samples of employees were 

drawn in waves 2 (2015), 3 (2017), and 4 (2019) from the responding establishments in 

these waves. Data collection was conducted solely via telephone through wave 3. In the 

wave 4 refreshment sample, a mode design experiment was carried out by introducing 

web into the telephone design (described in more detail later).  

The telephone numbers used in the LPP originate from two sources. The first source are 

employees who provided their telephone number to the German Federal Employment 

Agency (BA). These are, for instance, persons who were registered as job seekers in the 

past. These numbers, with additional information about the sample units (name, address), 

are sent to the survey institute in every wave. The second source are the results of tele-

phone number research conducted by the survey institute for the entire sample. The tele-

phone number research is conducted by merging the names and addresses of the sample 
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units to the German Postal Directory, which includes registered telephone numbers (Ger-

man Post 2021a). In 1992, the obligation to register every telephone number in Germany 

had been lifted, which led to a rapid decline of listed telephone numbers from 30.7 million 

in April 2000 (Häder et al. 2009) to 16.7 million in July 2016 (Häder and Sand 2019). In 

wave 3, about 22 percent of the LPP refreshment sample could be linked to a registered 

telephone number (infas 2018). If the telephone research and the BA search yield different 

telephone numbers, the number from the telephone research is used first. Due to data 

security and contractual regulations, it is not possible to distinguish employees who are 

contacted by a number from the BA or telephone research. 

3.3.1.1 Transition to Mixed-Mode in Wave Four 

At the beginning of the fourth wave, a number of developments prompted the LPP team 

to consider whether a single-mode telephone design was still an appropriate way of re-

cruiting and interviewing employees. It is important to mention that the LPP telephone 

number sources mainly consist of landline numbers and the distribution of landline tele-

phones has decreased steadily in Germany and rapidly among the younger population 

(German Federal Office of Statistics 2017, 2020a). The percentage of employees who 

were excluded from the LPP refreshment samples because of an unknown telephone num-

ber had increased over the first three waves (infas 2015, 2018). Moreover, as stated ear-

lier, telephone surveys are facing declining response rates worldwide and this is also the 

case for the LPP, with observed response rates of 24.5 percent, 14.8 percent, and 12.1 

percent in each of the respective waves (infas 2015, 2016, 2018). Meanwhile, the internet 

coverage for households in Germany increased from 79.4 percent in 2012 to 93.5 percent 

in 2019 (German Federal Office of Statistics 2017, 2020a). These developments moti-

vated the LPP team to experiment with introducing a web starting mode as part of a se-

quential web-telephone mixed-mode design. 



3 Introducing Web in a Telephone Employee Survey: Effects on Nonresponse and Costs 

  

46 

3.3.1.2 Mode Design Experiment 

To evaluate the effect of introducing web as a starting mode followed by traditional tele-

phone data collection, a mode design experiment was conducted in the refreshment sam-

ple of the fourth wave of the LPP employee survey. The refreshment sample consisted of 

24,840 employees (from 689 establishments) in total and 14,393 employees (from 679 

establishments) with a known telephone number. The majority (83.4 percent) of these 

employees could be linked to a BA telephone number. No information is available on the 

exact percentage of employees that were linked to a telephone number from the survey 

institute’s research, or the extent of the overlap between these two sources. 

Employees with an unknown telephone number were excluded from the experiment and 

interviewed online. We exclude this group from the analysis. Employees with a known 

telephone number were randomly allocated to either the traditional single-mode telephone 

design (n = 7,197) or a sequential web-telephone mixed-mode design (n = 7,196) with 

web used as the starting mode. Advance letters were mailed to both design groups on May 

23, 2019, introducing the LPP survey, its main topics, data protection, the survey institute, 

and the sponsor. For the single-mode group, the invitation letter announced upcoming 

contact attempts via telephone. For the mixed-mode group, the advance letter only in-

cluded a link and password for the online survey. Members of the mixed-mode group 

who did not complete the online survey within the first two weeks were sent one reminder 

on June 6, 2019. This reminder included once more the password and link to the web 

survey and announced upcoming telephone contact attempts if the online survey was not 

completed soon.  

Web nonrespondents, including those who logged in but did not complete the online ques-

tionnaire, were contacted by telephone one week after they received the reminder. Web 
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answers were saved and transferred to the telephone system in the case of partial comple-

tion. The web survey system remained open throughout the field period (May 23, 2019–

October 6, 2019) but interviewers did not mention this during the telephone follow-ups. 

The average number of telephone contact attempts was 5.8 in the single-mode design and 

5.9 in the telephone follow-up stage of the mixed-mode design. The average interview 

duration was 39.6 minutes in the web survey and 50.3 minutes in the telephone survey. 

All data collection was carried out by the Institute for Applied Social Sciences (infas). A 

detailed description of the fourth wave of the LPP employee survey can be found in infas 

(2020). 

3.3.2 Administrative Data 

To evaluate the selectivity of participation by mode and mode design, nonresponse bias 

analysis is carried out using employee characteristics from multiple non-survey data 

sources available for the drawn sample. The first source consists of individual-level ad-

ministrative data drawn from the Integrated Employment Biographies (IEB) of the IAB 

(Antoni et al. 2019). The IEB data are allocated into three summary variable groups: de-

mographics, employment, and benefits. The demographics group consists of five varia-

bles: sex, age (in years; <36, 36–54, 55+), German citizenship (yes, no), secondary edu-

cation (less than university entrance qualification, university entrance qualification), and 

higher education (less than university degree, university degree). The main difference 

between secondary education and higher education is that secondary education refers to 

the time pupils spend in basic education after primary schooling but before starting ter-

tiary (i.e., higher) education leading to award of an academic degree. In Germany, both 

forms of education are measured independently in surveys as it is possible to pursue 

higher education without receiving a university entrance qualification during secondary 
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education. Likewise, not all pupils who receive a university entrance qualification during 

their secondary studies pursue higher education or receive a university degree.  

The employment group has four variables: employment contract (full-time, part-time), 

daily earnings (in Euros; <121, 121–173, 174+), occupation (production, business or ad-

ministration, other), and years working for current employer (<5, 5–11, 12+). The benefits 

group has three variables: received unemployment benefits at least once in the last 10 

years (yes, no), registered as a job seeker with the BA at least once in the last 10 years 

(yes, no), and the number of days registered as job seeking with the BA during the last 10 

years (0, 1–150, 151+).  

The second set of administrative data originate from the Community Directory (CD) of 

the German Federal Office of Statistics. The CD includes information on the number of 

inhabitants, the postal code, and longitude and latitude of every municipality in Germany. 

These data are used to generate an urbanicity and commuting distance variable. The IAB 

possesses the postal code of the working and living place of each employee. The data 

protection legal team of the IAB approved the merging of this information to the CD by 

using the postal codes and in some cases the names of the cities. For the commuting var-

iable, we used the R-package gmapsdistance to calculate the fastest distance by car be-

tween the mean longitude and latitude of the working and living place (postal code). For 

the urbanicity variable, we used the number of inhabitants of the living place (city).  

The third set of administrative data stem from the Broadband Atlas of the German Federal 

Ministry of Transport and Digital Infrastructure. The Broadband Atlas includes data about 

internet quality at the postal code level (German Federal Ministry of Transport and Digital 

Infrastructure 2020). After merging these data to the LPP using the postal codes, we gen-

erated the variable “fast internet,” which measures the proportion of households within a 

postal code having access to at least 100 megabits per second. The variables constructed 
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from the CD and Broadband Atlas data sources comprise the fourth summary variable 

group: geodata. The geodata group consists of four variables: region (north, west, south, 

east), urbanicity (population; <13,000, 13,000–119,999, 120,000+), commuting distance 

(kilometers; <17, 17+), and fast internet (percent; <40; 40–100). Table 1 displays the 

distribution of each variable used in the analysis. The distributions are similar in both 

mode design groups, indicating that the randomization was successful.  

These 16 variables were selected for two main reasons. First, they are closely related to 

the variables collected in the LPP survey. For example, all administrative demographic 

(age, sex, gender, secondary education, higher education) and substantive (income, occu-

pation, job contract, years working for employer) variables are similarly measured in the 

LPP survey. Given their likely correlation with the actual survey items and potential in-

teraction with mode (design), these administrative variables serve as suitable proxies for 

nonresponse bias. And second, the selected variables have been used in previous substan-

tive and methodological research on employee samples. Sociodemographic characteris-

tics are commonly used to study mode effects and nonresponse bias (Greene et al. 2008; 

Dillman et al. 2009; Lugtig et al. 2011; Laaksonen and Heiskanen 2014; Klausch et al. 

2015; Lipps and Pekari 2016). Employment characteristics are also used to study nonre-

sponse and other errors of nonobservation (Gesell et al. 2007; Warnke 2015; Sakshaug et 

al. 2017; Sakshaug and Eckman 2017a, 2017b; Sakshaug et al. 2020). Commuting dis-

tance is a prime example of a variable that is correlated to many topics gathered in the 

LPP, including general life satisfaction and job satisfaction (Fordham et al. 2018; Clark 

et al. 2020), mental and physical well-being (Gimenez-Nadal and Molina 2019; Clark et 

al. 2020), and the number of sick days (Künn-Nelen 2016). A new variable is the availa-

bility of high-speed internet at the municipality level, which is likely to be related to up-

take of the web survey. Similarly, inhabitants of more-populated areas tend to have higher 
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response rates in web surveys compared to less populated areas (Brøgger et al. 2007; 

Laaksonen and Heiskanen 2014). 

Table 1. Variable Distributions, by Mode and Mode Design 

 

 

 

Administrative  

variable 

Single-Mode  

Telephone 

Mixed-Mode  

Web-Telephone 

 

 

χ2 test of 

samples, 

p-value 

 

Sample  

(%) 

 

Resp.  

 (%) 

 

Sample 

(%) 

Resp. 

Web 

(%) 

Resp.  

Web-Tel. 

(%) 

Demographics       

Sex       

Male 74.98 73.52 74.96 76.73 74.20 
0.981 

Female 25.02 26.48 25.04 23.27 25.80 

Age       

<36  32.71 26.71 31.95 25.67 25.05 

0.517 36–54 48.73 48.70 49.65 50.63 49.57 

55+ 18.56 24.59 18.40 23.70 25.37 

German citizenship        

Yes 92.77 95.51 92.38 96.90 96.59 
0.372 

No 7.23 4.49 7.62 3.10 3.41 

Secondary education        

Less than university en-

trance 65.99 54.85 66.51 47.53 50.43 
 

0.507 
University entrance  34.01 45.15 33.49 52.47 49.57 

Higher education        

Less than university degree 77.92 67.38 78.50 61.50 63.22 
0.399 

University degree 22.08 32.62 21.50 38.50 36.78 

Employment       

Employment contract        

Full-time 89.04 86.05 88.80 92.10 90.41 
0.650 

Part-time 10.96 13.95 11.20 7.90 9.59 

Daily earnings        

<121 41.27 37.12 40.63 28.35 31.56 

0.742 121–173 34.33 27.90 34.71 30.18 29.85 

174+ 24.40 34.99 24.65 41.47 38.59 

Occupation        

Production 52.27 49.88 53.22 49.37 49.36 

0.497 Business / Administration 21.59 25.30 21.33 32.30 29.74 

Other 26.14 24.82 25.44 18.34 20.90 

Years working for  

employer       
 

<5 25.82 25.53 25.25 18.90 19.08 0.731 
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5–11 39.96 33.57 40.37 40.90 42.11 

12+ 34.22 40.90 34.38 40.20 38.81 

Benefits       

Benefits last 10 years        

No 67.53 71.87 68.58 80.68 77.19 
0.176 

Yes 32.47 28.13 31.42 19.32 22.81 

Job seeking last 10 years        

No 48.52 49.41 49.39 60.65 57.46 
0.297 

Yes 51.48 50.59 50.61 39.35 42.54 

Job seeking days last 10 years       

0 67.26 70.45 67.82 77.72 74.52 

0.749 1–150 15.95 15.84 15.81 12.41 13.33 

151+ 16.78 13.71 16.37 9.87 12.15 

Geodata       

Region        

North 34.11 31.44 34.92 32.16 31.56 

0.281 
West 15.46 17.97 15.36 14.39 15.03 

South 30.07 32.15 30.60 36.39 34.75 

East 20.36 18.44 19.12 17.07 18.66 

Urbanicity       

<13,000 39.20 43.97 38.60 38.79 39.23 

0.069 13,000–119,999 33.39 30.73 32.28 31.31 31.56 

120,000+ 27.41 25.30 29.11 29.90 29.21 

Commute        

<17 50.22 54.85 51.25 50.35 50.53 
0.214 

17+ 49.78 45.15 48.75 49.65 49.47 

Fast internet        

<40 10.57 10.64 9.06 6.91 7.68 
0.002 

40-100 89.43 89.36 90.94 93.09 92.32 

N 7,197 423 7,196 709 938  
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3.4 Methodology  

The evaluation of the mode design experiment is structured into four parts, each address-

ing the corresponding research question. First, participation outcomes are compared be-

tween the two individual modes: telephone from the single-mode design vs. web from the 

mixed-mode design, and between the two mode design groups: single-mode telephone 

vs. sequential web-telephone mixed-mode. Second, (proxy) nonresponse bias is estimated 

across the administrative variables and the four summary variable groups. Third, multi-

level logistic regressions are fitted to estimate interactions between mode (design) and 

employee characteristics on the likelihood of survey participation. Lastly, survey costs 

are analyzed for each mode (design) to provide a rough approximation of the extent of 

potential cost savings incurred by introducing the web starting mode. Each analysis is 

carried out separately for the direct mode comparison (single-mode telephone vs. web 

starting mode) and the full mode design comparison (single-mode telephone vs. web-

telephone mixed-mode).  

3.4.1 Response Rate Definition 

Completed interviews in the LPP are defined as cases that answered every item of the 

questionnaire, including “don’t know” and “refuse” answers. Item skips were not al-

lowed. The web survey response rate is calculated over the entire field period. That is, 

employees who voluntarily participated via web before or after the telephone follow-up 

phase had started are coded as web respondents. For the latter cases telephone follow-up 

attempts ceased on the same day as the web completion. The final disposition codes for 

the experimental groups are available in the appendix (see Table A1). 

We adopt the AAPOR (2016) Response Rate 1 definition, which is the proportion of 

sampled cases that completed the interview:  
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Response Rate = 
Interviews

Interviews + Noncontacts + Refusals
  (1) 

For a more detailed comparison of the telephone outcome rates, we additionally calculate 

the contact and cooperation rates separately for the single-mode telephone design and the 

telephone phase of the web-telephone design. The contact rate measures the proportion 

of sampled cases in which the target person or at least one household member was suc-

cessfully contacted:  

Contact Rate = 
Interviews + Refusals

Interviews + Noncontacts + Refusals
 (2) 

The cooperation rate is the proportion of all successfully contacted cases which completed 

the interview:  

Cooperation Rate = 
Interviews

Interviews + Refusals
 (3) 

As we do not know whether web nonrespondents were refusals or noncontacts, the contact 

and cooperation rates are calculated only for the telephone phase of the mixed-mode de-

sign. All web nonrespondents who were eligible for the telephone follow-up phase com-

prise the base for these calculations.  

3.4.2 Nonresponse Bias Analysis 

To analyze the second research question, nonresponse bias (NB) is calculated for all es-

timates of the administrative variables. Nonresponse bias for a specific variable category 

c = (1, 2, .., C) is calculated as the difference between the estimated proportion derived 

from the respondents (yത
c,r

) and the corresponding proportion derived from the sample 

(yത
c,s

):  

Nonresponse Bias (yത
c
) =  y̅

c,r
−  y̅

c,s
  (4) 
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For example, if the estimated proportion of males in the sample is 0.5, and 0.4 among the 

respondents, the resulting estimate of nonresponse bias would be -0.1, which would indi-

cate a 10-percentage point underestimation of males in the survey. 

To facilitate comparisons of nonresponse bias, the absolute nonresponse bias (ANB) val-

ues are also reported: 

Absolute Nonresponse Bias (yത
c
) = |yത

c,r
−  yത

c,s
| (5) 

To assess the relative magnitude of nonresponse bias, we also present the absolute relative 

nonresponse bias (ARNB), which is the ratio of the absolute nonresponse bias relative to 

the sample proportion (yത
c,s

) (Groves 2006):  

Absolute Relative Nonresponse Bias (yത
c
) = |

yത
c,r

−  yത
c,s

yത
c,s

| (6) 

Following the previous example, the absolute relative nonresponse bias for the estimate 

of males would be 0.2 (or 20 percent), which means that the magnitude of nonresponse 

bias in the survey estimate, relative to the sample estimate, is 20 percent. 

To summarize nonresponse bias, we further calculate the average absolute nonresponse 

bias (AANB) and the average absolute relative nonresponse bias (AARNB) for each of 

the four summary variable groups and overall. These aggregate measures are simply cal-

culated by dividing the sums of the absolute and absolute relative nonresponse bias esti-

mates by the total number of variable categories C within a given variable group: 

Average Absolute Nonresponse Bias = 
∑ |yത

c,r
−  yത

c,s
C
c=1 |

C
 (7) 

Average Absolute Relative Nonresponse Bias = 

∑ |
yത

c,r
−  yത

c,s

yത
c,s

|C
c=1

C
 

(8) 

We note that alternative measures of sample representativeness exist that assess the bal-

ance of respondent characteristics relative to the sample, including the R-indicator and 
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the coefficient of variation of the response propensities (Schouten et al. 2009; Moore et 

al. 2018). However, as our main focus is on estimating the magnitude of nonresponse bias 

for specific variables that proxy those collected in the LPP survey, and not on assessing 

variations in response propensities, we do not consider these alternative measures further. 

3.4.3 Modeling Survey Participation  

To analyze interactions between employee characteristics and mode (design) on the like-

lihood of survey participation, two sets of multilevel (random intercept) logistic regres-

sion models are estimated by accounting for employees nested within establishments. The 

first set of multilevel logistic regressions focus on the individual mode comparisons, re-

vealing whether some employee subgroups are more (or less) likely to participate via the 

web starting mode in the mixed-mode design compared to telephone in the single-mode 

design. The second set of multilevel logistic regressions focus on the mode design com-

parisons, showing whether some employee subgroups are more (or less) likely to partici-

pate via the sequential web-telephone mixed-mode design compared to the single-mode 

telephone design. Both sets of multilevel logistic regressions include a main effects model 

and an interactions model. The main effects model contains all administrative employee 

variables described in Section 3.3.2 and a mode (design) indicator variable. The interac-

tions model includes the mode (design) indicator interacted with all employee character-

istics. The mode (design) indicator variable is equal to 0 for employees allocated to the 

single-mode (telephone) design and 1 for those allocated to the sequential mixed-mode 

(web-telephone) design. The dependent variable in all logistic regression models is the 

response indicator (0 = nonresponse, 1 = response).  

The multilevel (random intercept) logistic regression model can be expressed as follows: 

log(
p

ij

1 - p
ij

) = α + Xijβ + Zijγ + Xij Zijτ + μ
j
 (9) 
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where p
ij
 is the probability of participation for the ith employee within the jth establish-

ment and α is the model intercept. The coefficient for the mode (design) indicator Xij is 

represented by β. The term γ refers to the coefficients corresponding to the administrative 

employee variables Zij. The coefficients representing the interactions of the employee 

characteristics Zij and the mode (design) indicator Xij are represented by τ. The random 

effect term (denoted by μ
j
) is assumed to be normally distributed with variance σu

2.  

Given that the focus of the study is on randomization rather than representation, all anal-

yses are reported unweighted. Therefore, the (proxy) nonresponse bias estimates reported 

below may not generalize to the full population of employees in Germany. However, our 

main interest lies in assessing the relative effects of the experimental mode (design) ma-

nipulations rather than the level of nonresponse bias in the population. All analyses were 

performed using Stata 16 (multilevel logistic regressions) (Stata Corp 2019) and R 4.0 

(nonresponse bias estimation) (R Core Team 2021). 

3.4.4 Cost Analysis 

To address the fourth research question, we compare the costs associated with each mode 

and mode design (Olson et al. 2020b). As the actual survey costs are unknown, only hy-

pothetical (yet realistic) values informed by the survey institute are used. The costs of the 

web mode include sending the invitation letter (0.95 EUR) and up to two reminders (0.80 

EUR/ reminder) (German Post 2021b). We added 0.05 Euro per letter for printing, enve-

lope, and handling. The costs of the telephone mode include the invitation letter and in-

terviewer labor, including the hourly gross earnings (11.12 EUR; Indeed 2021) and the 

incidental wage cost (27 percent of the gross earnings; German Federal Office of Statis-

tics 2020b). Thus, the hourly labor cost of one telephone interviewer is: 14.12 EUR 

[=11.12 EUR + (11.12 EUR x 0.27)]. We assumed that one telephone contact attempt 
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(e.g., dialing the telephone number, setting the status) would take on average one minute. 

For generating the cost of a telephone interview, we used the mean telephone interview 

duration (50.3 minutes). The estimated cost of a completed telephone interview and a 

telephone contact are as follows: 

Cost of telephone interview = 14.12 x 
50.3

60
 = €11.84 (10) 

Cost of telephone contact attempt = 14.12 x 
1

60
 = €0.24 (11) 

Of course, web and telephone surveys also include fixed costs (e.g., programming the 

questionnaire). However, these costs are excluded as we do not have realistic cost infor-

mation for them. 

 

3.5 Results 

3.5.1 Response Rates 

Table 2 addresses the first research question by showing the response rates between the 

different modes and mode designs (Research Question 1). Out of 7,197 employees as-

signed to the single-mode telephone design, 423 (5.88 percent) completed the interview. 

For the 7,196 employees assigned to the sequential web-telephone mixed-mode design, 

882 (12.25 percent) logged into the web questionnaire at least once but only 709 (9.85 

percent) completed the web survey, and a further 229 (3.18 percent) completed the survey 

in the follow-up telephone mode for a total of 938 (13.04 percent) respondents in the 

mixed-mode design. The response rates for both the web starting mode and the web-tel-

ephone design were significantly higher than the single-mode telephone design, indicat-

ing that introducing the web starting mode had an overall positive effect on the response 

rate. The telephone contact rate did not significantly differ between the mixed-mode 

(61.80 percent) and single-mode (63.33 percent) groups. The telephone cooperation rate 
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was lower in the mixed-mode group (5.78 percent) than in the single-mode (9.28 percent) 

group, reflecting the more difficult-to-interview cases in the nonresponse follow-up phase 

of the field period. 

Table 2. Response Rates by Mode and Mode Design 

  Single-Mode Mixed-Mode 

 Telephone Web  Web-Telephone 

Sample size  7,197 7,196 7,196 

Respondents (total)  423 709 938 

Telephone   423 0 229 

Web  0 709 709 

Response (%)  5.88 9.85 13.04 

Contact (%)  63.33 N/A 61.80 

Cooperation (%)  9.28 N/A 5.78 

Notes: 46 out of 709 web respondents completed the web survey after at least one telephone contact was 

attempted. The response rate differs significantly between the single-mode telephone and web starting mode 

groups: χ² = 78.47; p < 0.001. The response rate differs significantly between the single-mode telephone 

and mixed-mode web-telephone groups: χ² = 215.31; p < 0.001. The contact rate does not differ signifi-

cantly between the single-mode telephone and mixed-mode web-telephone groups: χ² = 3.41; p = 0.065. 

The cooperation rate differs significantly between the single-mode telephone and mixed-mode web-tele-

phone groups: χ² = 36.67; p < 0.001. 

 

3.5.2 Nonresponse Bias 

Although the web starting mode and the full web-telephone sequence yielded higher re-

sponse rates than the single-mode telephone design, what is still unclear is whether the 

higher response rates were accompanied by lower nonresponse biases (Research Question 

2). We address this question by comparing aggregate (proxy) nonresponse bias between 

the mode (design) groups. Table 3 presents the AANB and the AARNB for each of the 

four administrative variable groups and overall. The table yields two key findings. First, 

despite the lower response rate, overall average nonresponse bias is lower for the single-

mode telephone design than for the web starting mode and the full web-telephone mixed-

mode design. The same pattern is apparent for the demographics, employment, and ben-

efits variable groups. Only the geodata variable group has lower average nonresponse 

bias in the web starting mode and web-telephone groups compared to the single-mode 
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telephone design. And second, following up web nonrespondents by telephone reduces 

the average nonresponse bias in all variable groups. In summary, the results indicate that 

introducing the web mode in the LPP survey increased the response rate, but this did not 

correspond to a lower overall nonresponse bias relative to the single-mode telephone de-

sign.  

Individual estimates of nonresponse bias and absolute relative nonresponse bias for each 

administrative variable are presented in the appendix (Table A2). For 22 out of 31 varia-

ble categories, the ARNB is higher in the web starting mode than in the single-mode 

telephone group. The differences are particularly large for employees (a) with university 

degree, (b) working in business or administration, and (c) who were registered as job 

seeker with the BA during the last 10 years. Conversely, the web starting mode produces 

a considerably smaller ARNB than the single-mode telephone group for employees who 

live in municipalities with less than 13,000 inhabitants and have a commuting distance of 

at least 17 kilometers.  

Regarding the mode design comparison, implementing the telephone follow-ups reduces 

the ARNB for nearly all variables in the mixed-mode group. However, the single-mode 

telephone design still yields lower nonresponse bias than the mixed-mode web-telephone 

design for 20 out of 31 variable categories. To give some examples, single-mode tele-

phone yields an appreciably lower ARNB for the following variable categories: occupa-

tion (working in business and administration) and higher education (university degree). 

There are more exceptions than in the single-mode comparisons. For instance, web-tele-

phone yields lower nonresponse bias for the following subgroups: employment contract 

(full-time), region (west), and commuting (17 + kilometers). 
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Table 3. Average Absolute Nonresponse Bias (AANB) and Average Absolute Relative 

Nonresponse Bias (AARNB), by Variable Group and Overall 

 Single-Mode  Mixed-Mode 

 Telephone  Web Web-Telephone 

Variable 

group 

AANB 

(%) 

AARNB 

(%) 

 AANB 

(%) 

AARNB 

(%) 

AANB 

(%) 

AARNB 

(%) 

Demographics 5.42 25.01  7.83 36.07 7.18 33.86 

Employment 4.49 13.90  7.16 24.52 5.86 20.09 

Benefits 2.32 7.76  8.63 27.30 6.02 18.94 

Geodata 2.60 8.69  1.84 8.41 1.32 5.42 

Overall 3.80 13.90  6.00 22.90 4.87 18.57 

 

 

3.5.3 Modeling Survey Participation  

To understand whether certain employee subgroups are more (or less) likely to respond 

in different modes or mode designs (Research Question 3), this section analyzes the in-

teraction between employee characteristics and mode (design) on participation in the 

LPP. The results will be presented separately for the single-mode comparisons (telephone 

vs. web starting mode) and the mode design comparisons (single-mode telephone vs. 

mixed-mode web-telephone). Since employees are nested within establishments, multi-

level (random intercept) logistic regression results are presented accounting for the estab-

lishment grouping variable. All administrative variables described in Section 3.3.2 avail-

able for both respondents and nonrespondents are included simultaneously as covariates 

in the fitted logistic regression models. 

3.5.3.1 Survey Participation: Single-Mode Telephone vs. Web Starting 

Mode 

The estimated coefficients for the likelihood of participation in the LPP for the single-

mode telephone versus web starting mode comparison are shown in Table 4 (left panel). 

Column 2 shows the results from the main effects model, while column 3 shows the re-
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sults of the model with mode interactions. The main effects model reveals several statis-

tically significant results with the most relevant being that employees assigned to the web 

starting mode are more likely to respond compared to those assigned to the single-mode 

telephone design. The interactions model additionally reveals some notable findings. 

First, full-time employees assigned to the web starting mode are significantly (p < 0.01) 

more likely to participate than those assigned to the single-mode telephone design. Addi-

tionally, employees working in business or administration occupations and between 5 and 

11 years for their employer are significantly (both p < 0.05) more likely to participate via 

the web starting mode compared to the single-mode telephone design, while employees 

registered as job seekers at least once during the last 10 years are significantly (p < 0.05) 

more likely to participate via single-mode telephone compared to the web starting mode. 

Plots of the predicted probabilities of the significant interactions are provided in the ap-

pendix (Figures A1: Occupation, A2: Job seeking last 10 years, and A3: Employment 

contract). All other variables do not interact with mode. 

3.5.3.2 Survey Participation: Single-Mode Telephone vs. Mixed-Mode 

Web-Telephone 

The next set of multilevel logistic regressions model the likelihood of participation among 

the single-mode telephone and sequential web-telephone mixed-mode designs. The re-

sults are also reported in Table 4 (right panel). Column 4 shows the results of the main 

effects model, while column 5 displays the results of the interactions model. The results 

of the main effects model are largely consistent with the single-mode comparisons. Most 

relevant is the highly significant main effect (p < 0.001) of mode design, indicating that 

employees assigned to the mixed-mode group are more likely to respond than those as-

signed to the single-mode group. Turning to the interactions model, one can see that fol-
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lowing up web nonrespondents via telephone generally reduces the size of most interac-

tion terms identified in the previous single-mode comparisons. As before, full-time em-

ployees and employees working between 5 and 11 years for their current employer are 

more likely to participate via the mixed-mode design compared to the single-mode tele-

phone design, and employees who were registered as job seeker at least once within the 

last 10 years are more likely to respond via the single-mode design compared to the 

mixed-mode design. However, employee occupation is no longer statistically significant. 

Plots of the predicted probabilities of these interactions are provided in the appendix (Fig-

ure A1: Occupation, Figure A2: Job seeking last 10 years, and Figure A3: Employment 

contract). 

Table 4. Log-Odds Ratios of Survey Participation: Single-Mode Telephone vs. Web 

Starting Mode and Single-Mode Telephone vs. Mixed-Mode Web-Telephone 

 Tel. vs. Web Tel. vs. Web-Tel. 
 MEM IM MEM IM 

 Estimate 

(SE) 
Estimate 

(SE) 
Estimate 

(SE) 
Estimate 

(SE) 

Intercept -6.57(.47)*** -2.58(.28)*** -8.68(.45)*** -2.61(.28)*** 

Experimental group (EG)     

(Ref. Single-Mode Telephone)     

Web Starting Mode 0.57(.06)*** -0.42(.37) 0.90(.06)*** -0.16(.35) 

Sex     

(Ref. Male)     

Female -0.01(.09) -0.02(.14) 0.09(.08) 0.01(.14) 

Age     

(Ref. <36)     

36–54 0.16(.08)* 0.11(.13) 0.18(.08)* 0.12(.13) 

55+ 0.47(.10)*** 0.41(.16)** 0.57(.09)*** 0.42(.16)** 

German citizenship     

(Ref. Yes)     

No -0.61(.17)*** -0.50(.25)* -0.60(.15)*** -0.50(.25)* 

Secondary education     

(Ref. Less than university entrance)    

University entrance 0.44(.10)*** 0.30(.16) 0.36(.09)*** 0.31(.16) 

Higher education     

(Ref. Less than university degree)     

University degree 0.27(.11)* 0.25(.18) 0.34(.10)*** 0.25(.18) 

Employment contract     

(Ref. Part-time)     

Full-time -0.05(.12) -0.40(.18)* -0.07(.11) -0.40(.18)* 

Daily earnings     

(Ref. <121)     

121–173 0.15(.10) 0.13(.15) 0.14(.09) 0.11(.15) 

174+ 0.43(.12)*** 0.51(.18)** 0.41(.11)*** 0.48(.18)** 

Occupation     
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(Ref. Production)     

Business/Administration 0.16(.08)* -0.06(.14) 0.12(.08) -0.05(.14) 

Other -0.10(.09) -0.08(.13) -0.05(.08) -0.07(.13) 

Years working for employer     

(Ref. <5)     

5–11 -0.01(.09) -0.25(.14) 0.08(.08) -0.25(.14) 

12+ 0.09(.10) 0.05(.16) 0.12(.10) 0.05(.16) 

Benefits last 10 years     

(Ref. No)     

Yes -0.40(.14)** -0.20(.21) -0.35(.13)** -0.20(.21) 

Job seeking last 10 years     

(Ref. No)     

Yes 0.08(.09) 0.33(.14)* 0.08(.08) 0.33(.14)* 

Job seeking days last 10 years     

(Ref. 0)     

1–150 0.16(.14) 0.09(.22) 0.17(.13) 0.09(.22) 

151+ 0.11(.17) -0.05(.25) 0.18(.15) -0.05(.25) 

Region     

(Ref. North)     

West 0.05(.12) 0.17(.17) 0.12(.11) 0.20(.17) 

South 0.03(.11) -0.06(.15) 0.08(.10) -0.03(.15) 

East 0.02(.11) -0.01(.17) 0.10(.10) 0.01(.17) 

Urbanicity     

(Ref. <13,000)     

13,000–119,999 -0.07(.08) -0.24(.13) -0.07(.08) -0.23(.13) 

120,000+ -0.17(.09) -0.34(.14)* -0.17(.08)* -0.34(.14)* 

Commute     

(Ref. <17)     

17+ -0.17(.07)* -0.29(.11)** -0.16(.06) * -0.30(.11)** 

Fast internet     

(Ref. 40–100)     

<40 -0.13(.12) -0.01(.18) -0.10(.11) -0.01(.18) 

Interactions Estimate 

(SE) 

Estimate 

(SE) 

Estimate 

(SE) 

Estimate 

(SE) 

Sex x EG     

(Re. Male)     

Female -- -0.05(.17) -- 0.11(.17) 

Age x EG     

(Ref. <36)     

36–54 -- 0.07(.17) -- 0.09(.16) 

55+ -- 0.09(.20) -- 0.23(.19) 

German citizenship x EG     

(Ref. Yes)     

No -- -0.21(.34) -- -0.16(.31) 

Secondary education x EG     

(Ref. Less than University en-

trance) 

    

University entrance -- 0.22(.20) -- 0.09(.19) 

Higher education x EG     

(Ref. Less than University degree)     

University degree -- 0.04(.22) -- 0.15(.22) 

Employment contract x EG     

(Ref. Part-time)     

Full-time -- 0.64(.24)** -- 0.52(.22)* 

Daily earnings x EG     

(Ref. <121)     

121–173 -- 0.02(.19) -- 0.02(.18) 

174+ -- -0.15(.22) -- -0.12(.21) 

Occupation x EG     

(Ref. Production)     

Business/Administration -- 0.37(.17)* -- 0.26(.16) 
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Other -- -0.04(0.18) -- 0.03(.17) 

Years working for employer x EG     

(Ref. <5)     

5–11 -- 0.39(.18)* -- 0.50(.17)** 

12+ -- 0.07(.21) -- 0.12(.20) 

Benefits last 10 years x EG     

(Ref. No)     

Yes -- -0.36(.28) -- -0.24(.27) 

Job seeking last 10 years x EG     

(Ref. No)     

Yes -- -0.40(.18)* -- -0.37(.17)* 

Job seeking days last 10 years x 

EG 

    

(Ref. 0)     

1–150 -- 0.10(.29) -- 0.11(.27) 

151+ -- 0.28(.34) -- 0.36(.32) 

Region x EG     

(Ref. North)     

West -- -0.21(.21) -- -0.13(.20) 

South -- 0.16(.17) -- 0.17(.16) 

East -- 0.04(.21) -- 0.12(.20) 

Urbanicity x EG     

(Ref. <13,000)     

13,000–119,999 -- 0.28(.17) -- 0.23(.16) 

120,000+ -- 0.28(.18) -- 0.25(.17) 

Commute x EG     

(Ref. <17)     

17+ -- 0.20(.14) -- 0.21(.13) 

Fast internet x EG     

(Ref. 40–100)     

<40 -- -0.23(.24) -- -0.14(.22) 

N 14,393 14,393 14,393 14,393 

AIC 7602.66 7592.8 8516.64 8519.60 

BIC 7807.18 7979.1 8721.15 8905.9 

Wald-Test (𝑥2) 356.05 423.97 501.56 559.77 

Wald-Test (p-value) 0.0000 0.0000 0.0000 0.0000 

Random effect (establishment; SE) 0.018(0.019) 0.017(0.019) 0.009(0.014) 0.008(0.014) 

ICC (empty model) 0.041  0.041 0.032 0.032 

Significance level: *** 0.001; ** 0.01; * 0.05 

Note: The results are obtained from fitting multilevel logistic regressions accounting for nesting of em-

ployees within establishments. MEM = main effects model, IM = interactions model, SE = standard error, 

ICC = intraclass correlation. 

 

3.5.4 Cost Analysis 

Table 5 presents the results of the cost analysis. The estimated total costs for the telephone 

interviews were 5,007.16 EUR in the single-mode design and 2,710.73 EUR in the mixed-

mode design. The total costs were highest in the web-telephone (€24,720.49) design, fol-

lowed by the single-mode telephone (€22,200.18) design and the web starting mode 

(€13,238.65). Dividing the total costs by the number of respondents yields an average 

cost per completed interview that is substantially smaller for the web starting mode 
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(€18.67) and the web-telephone (€26.35) design, compared to the single-mode telephone 

design (€52.48). Thus, by introducing the web starting mode the LPP achieved a (hypo-

thetical) cost savings of about 50 percent per respondent in the mixed-mode design. 

Table 5. Cost Analysis by Mode and Mode Design 

 Single-Mode Mixed-Mode 

Telephone Web Web-Telephone 

Invitation letters €7,197 €7,196 €7,196 

Reminder letters N/A €6,042.65 €6,042.65 

Interviews €5,007.16 N/A €2,710.73 

Contact attempts  €9,996.02 N/A €8,771.11 

Total costs €22,200.18 €13,238.65 €24,720.49 

Interviews (N) 423 709 938 

Avg. cost per interview €52.48 €18.67 €26.35 

 

3.6 Discussion 

The present study analyzed the effects of experimentally introducing a web starting mode 

on participation in a telephone employee survey. The results can be summarized into four 

main findings. First, the web starting mode and the full web-telephone sequence produced 

higher response rates (9.85 percent and 13.04 percent, respectively) compared to the tra-

ditional single-mode telephone design (5.88 percent). Second, despite the lower response 

rate, aggregate nonresponse bias was lower in the telephone single-mode design com-

pared to the web starting mode and the full web-telephone design. However, following 

up the web nonrespondents with telephone was effective in reducing initial nonresponse 

bias. Third, the likelihood of survey participation differed between both modes and mode 

designs for some employee subgroups. In particular, employees working full-time were 

significantly more likely to participate in the web starting mode or in the web-telephone 

sequence compared to the single-mode telephone design. Employees working in business 

or administrative occupations were significantly more likely to participate via the web 
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starting mode compared to the single-mode telephone design. Business and administra-

tion workers were similarly likely to participate in the telephone single-mode and web-

telephone mixed-mode designs. Lastly, average (estimated) survey costs per respondent 

were significantly (about 50 percent) lower in the mixed-mode design compared to the 

telephone single-mode design. 

This work has several practical implications. Perhaps most significant, introducing a web 

mode into a telephone survey of the employed population can yield potential cost savings 

and increase the response rate relative to the single-mode alternative. However, these ad-

vantages must be weighed against a potential increase in nonresponse bias, as indicated 

by our results. Although following-up web nonrespondents via telephone seems to reduce 

nonresponse bias, this did not push the level of aggregate nonresponse bias below that of 

the single-mode design. Nonetheless, we recommend using an interviewer-administered 

mode, such as telephone, as a follow-up to web if the researcher’s budget allows.  

Moreover, our results indicate that employees working full-time or in business or admin-

istrative occupations are more likely to respond via web compared to telephone. If these 

employee subgroups are a high priority for analysis or represent a large share of the target 

population, then introducing web either as a starting mode in a mixed-mode sequence or 

as an exclusive mode could be beneficial in terms of reaching these groups while reducing 

survey costs. Lastly, there were several employee characteristics that did not interact with 

mode or mode design, including sociodemographic and economic characteristics. Thus, 

for surveys which focus on measuring these attributes, there seems to be little difference 

in which mode (design) is used. As such, they can be measured more cost-effectively by 

using the web mode as part of a single-mode or sequential mixed-mode (with telephone 

follow-up) design. 
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This study is not without limitations. First, the study’s target population are employees 

subject to social insurance in Germany. According to the definition of the International 

Labour Organization (ILO), 45.3 million individuals were employed in Germany in 2019. 

Out of these, 33.4 million (73.73 percent) employees were subject to social insurance 

(German Federal Office of Statistics 2021). Thus, generalizations to other employed pop-

ulations, such as self-employed and civil servants should be met with caution. Second, 

adjustment weights were unavailable for the experiment. Such weights could correct for 

some of the nonresponse biases reported here. Third, because of the large number of com-

parisons in the interactions model (Table 4), it is possible that some of the interactions 

were statistically significant due to chance alone (i.e., Type 1 error). Fourth, the combi-

nation of web and telephone in a sequential mixed-mode design may also introduce un-

intended effects on observational errors, such as differential measurement error (de 

Leeuw and Hox 2011; Dillman et al. 2014; de Leeuw 2018). Although measurement mode 

effects were outside the scope of the present study, they should also be considered when 

deciding whether to mix modes. This is particularly the case for panel studies, such as the 

LPP, where respondents may switch modes between waves, which could introduce bias 

in longitudinal estimates of change (Cernat and Sakshaug 2021). This issue will be stud-

ied in future waves of the LPP. Despite these limitations, this study made use of a ran-

domized mode design experiment and extensive administrative data, which is particularly 

rare in telephone and web surveys and especially rare for employee surveys. 

In conclusion, we identified clear advantages of introducing web in a telephone survey in 

terms of increasing response rates and reducing costs in a population of employees. How-

ever, introducing the web starting mode did lead to a modest increase in aggregate non-

response bias. Thus, the advantages of introducing web should be weighed against the 

possibility of higher nonresponse bias and the particular employee subgroups of interest 
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to the researcher. Future research is needed to determine whether these results are trans-

ferable to other countries and employee populations. In the current situation of costly 

interviewer-administered designs and declining response rates, it is important that alter-

native mode designs are studied to better inform potential tradeoffs between costs and 

data quality.
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Appendix  

Table A1. Final Disposition Codes, by Mode Design  

Final Disposition Code 

Mode Design 

Single-Mode Tele-

phone 

Mixed-Mode  

Web-Telephone 

Freq. Percent Freq. Percent 

Completed Interview 423 5.88 938 13.04 

Refusal     

Respondent-level     

Respondent refusal (T/C) 2,386 33.15 2,114 29.38 

Language problem (T/C) 71 0.99 75 1.04 

Broken appointment (T) 1,151 15.99 1,109 15.41 

Partial Interview (T/W) 79 1.10 84 1.17 

New invitation letter requested (T) 16 0.22 14 0.19 

Out of the target group (e.g., retired) (T/W/C) 109 1.51 162 2.25 

Household-level     

Household-level refusal (T) 279 3.88 217 3.02 

Household level language problem (T) 22 0.31 28 0.39 

Respondent deceased (T/C) 9 0.13 7 0.10 

Respondent Moved (T/C) 13 0.18 0 0.00 

Noncontact     

Always busy (T) 143 1.99 112 1.56 

No answer (T) 67 0.93 64 0.89 

Invitation returned undelivered (T/W) 391 5.43 144 2.00 

Fax data line (T) 24 0.33 19 0.26 

Non-working number (T) 897 12.46 911 12.66 

Wrong number (T) 342 4.75 299 4.16 

Telephone answering device (T) 775 10.77 899 12.49 

N  7,197 100 7,196 100 

Notes: Most final disposition codes are available only for the telephone (T) mode. Three disposition 

codes are also available for the web (W) mode. Some sample units and household members contacted the 

survey institute or the IAB after they received the invitation letter or reminder (C). These employee con-

tacts are assigned to the phase in which they occurred. 
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Table A2. Estimates of Nonresponse Bias (NB) and Absolute Relative Nonresponse 

Bias (ARNB) for Each Variable Category 

 Single-Mode Mixed-Mode 

Administrative  

variable 

Telephone Web Web-Telephone 

NB  

(%) 

ARNB 

(%) 

NB 

(%) 

ARNB 

(%) 

NB  

(%) 

ARNB  

(%) 

Sex        

Female 1.46 5.83 -1.77 7.06 0.76 3.03 

Age       

<36  -6.00 18.33 -6.28 19.66 -6.90 21.59 

36–54 -0.03 0.06 0.98 1.98 -0.08 0.15 

55+ 6.03 32.47 5.30 28.78 6.97 37.90 

German citizenship        

No -2.74 37.87 -4.52 59.28 -4.21 55.23 

Secondary education        

University entrance 11.14 32.77 18.98 56.67 16.08 48.02 

Higher education        

University degree  10.54 47.75 17.00 79.09 15.28 71.07 

Employment contract        

Full-time -2.99 3.36 3.30 3.72 1.61 1.81 

Daily earnings        

<121 -4.15 10.07 -12.28 30.22 -9.07 22.33 

121–173 -6.43 18.74 -4.53 13.04 -4.86 14.00 

174+ 10.59 43.39 16.82 68.22 13.94 56.56 

Occupation        

Production -2.39 4.57 -3.85 7.24 -3.86 7.25 

Business / Administration 3.71 17.16 10.97 51.43 8.41 39.45 

Other -1.32 5.04 -7.10 27.93 -4.54 17.86 

Years working for employer        

<5 -0.29 1.12 -6.35 25.15 -6.17 24.42 

5–11 -6.39 15.99 0.53 1.32 1.74 4.31 

12+ 6.68 19.52 5.82 16.92 4.43 12.87 

Benefits last 10 years        

Yes -4.34 13.36 -12.10 38.50 -8.61 27.39 

Job seeking last 10 years        

Yes -0.89 1.73 -11.26 22.25 -8.07 15.95 

Job seeking days last 10 years        

0 3.19 4.74 9.90 14.59 6.70 9.88 

1–150 -0.11 0.69 -3.40 21.49 -2.48 15.71 

151+ -3.07 18.29 -6.50 39.69 -4.22 25.76 

Region        

North -2.67 7.82 -2.76 7.91 -3.36 9.63 

West 2.51 16.22 -0.97 6.34 -0.33 2.14 
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South 2.08 6.92 5.79 18.92 4.15 13.58 

East -1.92 9.43 -2.05 10.74 -0.46 2.42 

Urbanicity        

<13,000 4.77 12.17 0.19 0.48 0.63 1.64 

13,000–119.000 -2.66 7.96 -0.97 3.00 -0.72 2.24 

120,000+ -2.11 7.71 0.79 2.72 0.10 0.35 

Commute       

17+ -4.63 9.29 0.90 1.84 0.72 1.47 

Fast internet       

<40 0.07 0.65 -2.15 23.72 -1.38 15.28 
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Figure A1. Marginal Predicted Response Probability: Occupation, by Mode (left panel) 

and Mode Design (right panel) 
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Figure A2. Marginal Predicted Response Probability: Job seeking last 10 years, by Mode 

(left panel) and Mode Design (right panel) 
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Figure A3. Marginal Predicted Response Probability: Employment contract, by Mode 

(left panel) and Mode Design (right panel) 
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4 Transitioning an Employee Panel Survey from Telephone to 

Online and Mixed-Mode Data Collection 

 

Abstract 

Employee panel surveys, which are essential for measuring ongoing labor market devel-

opments, 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 sustaina-

bility 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 as-

signed 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 de-

sign 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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4.1 Introduction 

As a nation’s economic success depends on its employed population, many developed 

nations and research institutions conduct employee panel surveys that follow the same 

employees over time and measure individual-level changes in their attitudes, behaviors, 

and working conditions (Haunberger 2011; Toepoel 2012). Examples of large surveys 

covering the employed population are the labor force surveys of Canada (Statistics Can-

ada 2017), the UK (UK Office for National Statistics 2022), the European Union, candi-

date and European Free Trade Association nations (Eurostat 2019), and the Further Train-

ing as a Part of Lifelong Learning study in Germany (Huber and Schmucker 2012). Em-

ployee panel surveys are often collected for purposes of industry classification, compari-

sons between and within nations, and political decision-making (Eurostat 2022a). Such 

surveys have gained increasing importance in employment research (Fernandez et al. 

2015; Mackeben et al. 2020; Frodermann et al. 2021a), especially due to shifts in labor 

market behavior caused by the COVID-19 pandemic (Sakshaug et al. 2020; Haas et al. 

2021). 

However, a major concern of panel surveys is nonresponse and attrition, which reduce 

sample sizes and can lead to biased estimates if respondents differ from nonrespondents 

on the key survey variables (de Leeuw and Lugtig 2015). As nonresponse accumulates 

over time, the risk of nonresponse bias increases, highlighting the importance of strategies 

to minimize nonresponse and/or attrition in panel studies (Lugtig et al. 2014; Sakshaug 

and Huber 2016; Stöckinger et al. 2018; Müller and Castiglioni 2020). The mode of data 

collection plays a major role in panel surveys. Historically, interviewer-administered 

modes (e.g., telephone, face-to-face) have been the gold-standard mode for maximizing 

recruitment and retention in panel surveys. However, with rising survey costs and the 

difficulty of reaching certain subgroups—including employed individuals—interviewer-
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administered modes are often supplemented (or replaced) with less-expensive, self-ad-

ministered modes, such as web surveys (Kantar 2017; German Federal Office of Statistics 

2020a; Olson et al. 2021). 

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 surveys, 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 (mo-

bile and landline) has decreased rapidly over the years and listed numbers are likely to be 

selective (Beukenhorst 2012; Stähli 2012). Second, introducing a web mode offers greater 

flexibility 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 employment duties may even prefer to com-

plete 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 survey may also have drawbacks. For example, panelists have become accustomed 

to being interviewed in their usual interviewer-administered mode and do not anticipate 

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 
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in which web nonrespondents are followed up with the original interviewer-administered 

mode may mitigate the risk of nonresponse during the transition, although this may de-

pend on whether panelists are explicitly informed from the outset that their usual inter-

viewer 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 participation 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 design 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 fol-

low-ups in the invitation letter to determine whether this knowledge affected their partic-

ipation in the survey. In addition to assessing response rate effects, we utilize rich admin-

istrative 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 design. Potential cost savings are also assessed. Specifically, 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 design to a sequential web-tele-

phone mixed-mode design in an ongoing employee panel survey affect response 

rates in the initial wave of the switch? 
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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 specific 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? 

 

4.2 Background 

4.2.1 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 during these 

times continue to use telephone or face-to-face interviewing as their primary mode of data 

collection. Examples include the Panel Study of Income Dynamics (PSID) (Institute for 

Social Research 2022), the German Socio-Economic Panel (SOEP) (Schupp 2012), and 

the Swiss Household Panel (SHP) (Tillmann et al. 2016), although some panels were 

forced to scale back certain forms of interviewer-administration (e.g., face-to-face inter-

viewing) to comply with lockdown restrictions imposed during the COVID-19 pandemic 

(Burton et al. 2020; Gummer et al. 2020; Sakshaug et al. 2020; Sastry et al. 2020). 

Unlike face-to-face panel surveys, telephone panel surveys have had to cope with several 

widespread technological developments, such as declining penetration of landline tele-

phones (World Bank 2021a), increasing use of telephone screening devices (Dillman 

2017), and the rise of mobile-only households (German Federal Office of Statistics 2021). 

Additionally, households may change their telephone number or disconnect their service 
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without informing the survey organization. These developments have contributed to de-

clining telephone participation and very low response rates in telephone surveys (Brick 

and Williams 2013; Czajka and Beyler 2016). To illustrate this point, response rates of 

US telephone surveys conducted by the Pew Research Center have declined from around 

28% in 2001 to around 6% in 2018 (Kennedy and Hartig 2019). 

To counter these trends, many surveys supplement (or mix) interviewer-administration 

with online data collection given high rates of internet coverage in many countries (Eu-

rostat 2020; World Bank 2021b). A popular mixed-mode strategy is to deploy multiple 

modes sequentially, typically starting with the least-expensive, usually self-administered 

mode, and following up initial nonrespondents with a more expensive interviewer-admin-

istered (e.g., telephone or face-to-face) mode (Dillman 2017). Sequential mixed-mode 

designs have greater potential for cost savings compared to concurrent mixed-mode de-

signs as all sample units are “pushed” to the less-expensive mode from the outset (Dill-

man 2017; Tourangeau 2017; de Leeuw 2018), often not knowing that a more expensive 

interviewer-administered mode will be offered later if they do not engage with the initial 

mode(s). In addition to potential cost savings, introducing a self-administered mode in an 

otherwise interviewer-administered panel survey may afford particular benefits to panel-

ists. Specifically, offering the web mode provides panelists with the opportunity to par-

ticipate 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 rapport with their 
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usual interviewer may lose interest in participating if the study is pushing them to com-

plete 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 like-

lihood of further participation in the panel. Low digital affinity is, however, less of an 

issue in western nations where the share of internet usage in the population is high (e.g., 

Netherlands: 95%, Germany: 91%, Spain: 94%, France: 92%) (Eurostat 2022b). 

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 under-

studied area of research. 

We note that altering the mode design can also have implications for measurement mode 

effects (Dillman et al. 2009; Allum et al. 2018; Biemer et al. 2021a; Biemer et al. 2021b; 

Cernat and Revilla 2021). While we acknowledge the importance of measurement effects, 

this topic is not considered further and is left to future work.  

4.2.2 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 sequential mixed-mode 

design. In the fifth wave of the UK Household Longitudinal Study Innovation Panel 

(UKHLS-IP), panelists and refreshment cases were randomly 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 incentives were used in both mode designs. Switching 

panelists 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) (Jäckle et al. 2015). However, from wave 6 onward, the mixed-mode 



4 Transitioning an Employee Panel Survey from Telephone to Online and Mixed-Mode Data Collection 

 

92 

design began to outperform the single-mode design in terms of response rates for both 

wave 4 respondents and nonrespondents (Gaia 2016). Regression analyses revealed no 

demographic differences in the likelihood of participation between the two mode designs 

in the fifth wave. However, several subgroups (especially rural citizens and unemployed 

persons) were more likely to participate via face-to-face compared to web (Jäckle et al. 

2015). Potential cost savings were also observed in the mixed-mode design (Bianchi et 

al. 2017), which led to the same sequential mixed-mode design being implemented in 

wave 7 of the main UKHLS survey to replace a primarily face-to-face design (Kantar 

2017). 

The US National Longitudinal Study of Adolescent to Adult Health (Add Health) exper-

imentally tested a mixed-mode design in its fifth wave (2016–2018). Panelists were ran-

domly allocated to either a web/mail choice protocol followed by face-to-face follow-ups 

for a subsample of initial nonrespondents, or the traditional face-to-face single-mode de-

sign. The mode design experiment was crossed with incentive 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 comparison to the single-mode 

design (Biemer et al. 2021a; Biemer et al. 2021b).  

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 screening sample. The 

main difference between the samples was that all cohort households had children under 8 

years, while all screening households had children under 18 years (infas 2020). The 
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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 negative effect on the response rate (face-to-face: 82%, web-face-to-

face: 70%), but lowered costs relative to the single-mode design (Lüdtke and Schupp 

2017). However, these results could be influenced by the aforementioned differences in 

household composition. 

The SHP, an annual telephone panel survey, conducted an extensive mode (design) ex-

periment 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 house-

holds were interviewed primarily by telephone or face-to-face (in the case of unknown 

telephone number) in 2018, while these respondents were randomly allocated to tele-

phone 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 inter-

viewer-administered mode (77%), which was not a statistically significant difference 

(Voorpostel et al. 2020; Voorpostel et al. 2021), 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 implementation 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 sequential 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 
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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%) (McGonagle and Freedman 2017), 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 invitation 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 experiment made use of two invitation letter varia-

tions. 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 individuals with a web response probability less than 

30% were allocated to the mentioning group. Panel members with a predicted web re-

sponse probability between 30% and 70% were randomly allocated to both invitation let-

ter variations. Both invitation letter variations produced similar response rates for indi-

viduals 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 hiding 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% (Freedman et al. 2018).  
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4.2.3 Summary of Previous Findings and Research Gaps 

Some conclusions can be drawn from the aforementioned literature on introducing a web-

first phase in an interviewer-administered panel survey. First, the literature 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 suggests that introducing a web-first phase in a traditional interviewer-ad-

ministered panel survey reduces survey costs (Lüdtke and Schupp 2017; Bianchi et al. 

2017; Biemer et al. 2021b). 

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 statisti-

cally 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 previously 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 nonresponse bias and whether 

certain employee subgroups (e.g., full-time workers, commuters) differ in their likelihood 

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 invitation 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 reduce the likelihood of taking up the web starting mode and negate the 
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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 fol-

low-up mode from the outset affects web survey participation.  

 

4.3  Data and Methods  

4.3.1 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 digitalization. The second part is an 

employee survey that started in 2013 and collects biennial data on topics related to em-

ployment and human resource issues, financial aspects, and physical and mental well-

being. The employee sample is drawn from establishments that once 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 Applied Social Sciences (infas). 

The LPP employee survey is representative of all employees subject to social insurance 

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 employee survey, we use 

the term LPP to refer exclusively to the LPP employee survey.  

To address issues of declining response and coverage (infas 2015; infas 2016; infas 2018), 

the LPP experimentally implemented a sequential 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 start-

ing 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 
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data can be linked to the LPP employer survey (n = 2,128) 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).  

 

Figure 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 invita-

tion letter sent to group E did mention the telephone follow-ups. 

 

The mode design experiment was conducted separately for the linkable employees (ran-

domly allocated into experimental groups A, B) and non-linkable employees (randomly 

allocated to experimental groups C, D, E) to control for possible differences between 

these two sets of employees. Employees were randomly allocated to either the sequential 

web-telephone mixed-mode design (groups B, D, E) or the conventional single-mode tel-

ephone 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 informed the single-mode groups about upcoming telephone calls, non-link-

able members of the mixed-mode design (groups D, E) received one of two invitation 
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letter variations as part of an invitation letter experiment (sample size considerations pre-

vented the same experiment 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 if the online survey was not completed by then. There was no variation in the 

envelope design between the experimental 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).  

4.3.2 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 pro-

vides 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 Em-

ployment Research (IAB) (reference year 2019) available for all employees subject to the 

German social insurance system (Frodermann et al. 2021b). From these first administra-

tive data source, three variable groups can be formed: demographics, employment, and 

benefits. The demographics variable group consists of sex, age (in years; <40, 40–55, 
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56+), German citizenship (yes, no), secondary education (less than university entrance 

qualification, university entrance qualification), and higher education (less than univer-

sity degree, university degree). The employment variable group consists of employment 

contract (full-time, part-time), daily earnings (in Euros; <93, 93–141, 142+), occupation 

(production, business or administration, other), and years working for current employer 

(<10, 10–19, 20+). The benefits variable group comprises receipt of unemployment ben-

efits 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 (reference year 2019), which includes geodata (e.g., mean longitude and lat-

itude, population size) of each German municipality. The CD data are used to generate 

variables on urbanicity (number of inhabitants in the city of residence) and commuting 

distance to work. Commuting distance (fastest way by car between the geographic center 

of the employer’s and employee’s residence postal code) was calculated using the R-

package gmapsdistance.  

The third data source is the Broadband Atlas (BAT) (German Federal Ministry of 

Transport and Digital Infrastructure 2020) (reference year 2019) of the German Federal 

Ministry of Transport and Digital Infrastructure, which contains data about internet qual-

ity and speed at the postal code level. These data are used to generate the percentage 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 (population 

count; <13,000, 13,000–119,999, 120,000+), commute (kilometers; <17, 17+), and fast 

internet (percent; <50, 50–100). 
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The fourth data source consists of LPP survey data collected from previous waves. We 

use the following 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) (John et al. 1991; John and 

Srivastava 1999): extraversion, agreeableness, openness, 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 nonresponse in wave 3 (0, 1–2, 3+), number of 

contact attempts in wave 3 (<4, 4–8, 9+), first wave of participation (wave 1, wave 2, 

wave 3), and employer linkage (yes, no) in wave 3. While the employer linkage variable 

is coded as yes if the employer participated in wave 3 (and no if not), the employee link-

age consent is coded as yes if the employee gave linkage consent in wave 4 (and no if 

not). The correlation between the employer linkage consent and employee linkage con-

sent is very low (correlation coefficient = 0.04), suggesting there is no risk of multicol-

linearity between these two outcomes. 

Question wordings and response options (translated to English) for each survey variable 

(Table A1), information about coding and handling of missing values for each survey 

variable (Table A2), as well as descriptive statistics and distributions of each survey and 

administrative variable (Table A3) are available in the online appendix. 
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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 

 

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 interac-

tions with the mode design on survey participation. Sociodemographic characteristics 

(e.g., age, gender and education) are commonly used to study panel attrition (Lugtig 2014; 
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Lynn et al. 2014; Müller and Castiglioni 2015; Stöckinger et al. 2018) and mode effects 

on nonresponse (Dillman et al. 2009; Kappelhof 2015; Felderer et al. 2019; Voorpostel 

et al. 2020). Employment characteristics are also used to study nonresponse and other 

errors of non-observation (Kreuter et al. 2010; Sakshaug and Eckman 2017a, 2017b; 

Büttner et al. 2021; Sakshaug et al. 2017, 2020). 

Research has identified paradata (Pickery et al. 2001; Bristle et al. 2014; Bianchi and 

Biffignandi 2018) and Big Five personality traits (Lugtig 2014; Salthouse 2014; Hansson 

et al. 2018; Cheng et al. 2020) as predictors of panel attrition. These variables could also 

interact with the mode design indicator. For instance, difficult to reach employees requir-

ing 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 be more likely to participate via web compared to 

telephone, as these individuals are likely to adopt changes more quickly (i.e., introduction 

of new techniques like mobile telephones) (John et al. 1991; John and Srivastava 1999). 

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.  

 

4.4 Methodology 

This chapter describes the methodology used to analyze the mode design experiment and 

invitation letter experiment. The key outcomes of interest are response rates, nonresponse 

bias, predictors of survey participation (including interactions with mode and mode de-

sign), 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 design, the web starting mode (treating telephone follow-up respondents as 
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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 

starting mode from the full mixed-mode sequence; and 2) performing single-mode com-

parisons between the web starting mode of the mixed-mode design and the telephone 

mode of the single-mode design.  

Employees that answered every question are classified as respondents. As web interviews 

were possible during the entire field period, we classified employees who responded via 

the web starting mode after the telephone follow-up phase had started as web respondents 

in the forthcoming analysis. The appendix includes the final disposition codes for both 

mode designs (see Table A4).  

As the main focus of this study is on randomization rather than representation and because 

nonresponse adjustment weights were not available for the experiment, all analyses are 

performed unweighted using Stata 16 (Stata Corp 2019) and R (R Core Team 2021).  

4.4.1 Outcome Rate Calculations 

Response rates are calculated using the AAPOR (2016) Response Rate 1 definition, 

which is the proportion of the fielded sample that completed the interview: 

Response Rate =
Interviews

Interviews + Noncontacts + Refusals
  (1) 

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 

calculated as the proportion of the fielded sample that was successfully contacted (target 
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person or household) and the cooperation rate is the proportion of successfully contacted 

employees who completed the interview: 

Contact Rate =
Interviews + Refusals

Interviews + Noncontacts + Refusals
 (2) 

Cooperation Rate =
Interviews

Interviews + Refusals
 (3) 

4.4.2 Estimating Nonresponse Bias  

Nonresponse bias is estimated for the following administrative variable groups: de-

mographics, employment, benefits, and geodata. Estimates of nonresponse bias are con-

structed by calculating the difference between the proportion of a variable category (c) 

based on the respondents (𝑦ത𝑐,𝑟) and the corresponding proportion based on the full sample 

(𝑦ത𝑐,𝑠): 

Nonresponse Bias (yത
c
) = y̅

c,r
−  y̅

c,s
  (4) 

The absolute nonresponse is also reported which simplifies comparisons between differ-

ent variable categories: 

Absolute Nonresponse Bias (yത
c
) = |yത

c,r
−  yത

c,s
| (5) 

In addition, we report the absolute relative nonresponse bias, which assesses the magni-

tude of nonresponse bias in the survey estimate relative to the full sample estimate 

(Groves 2006): 

Absolute Relative Nonresponse Bias (yത
c
) = |

yത
c,r

−  yത
c,s

yത
c,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 absolute relative) nonresponse bias estimates by the number 

of total bias estimates computed across all variable categories (𝐶):  
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Average Absolute Nonresponse Bias =
∑ |𝑦ത𝑐,𝑟 −  𝑦ത𝑐,𝑠|C

c=1

C
 (7) 

Average Absolute Relative Nonresponse Bias =

∑ |
𝑦ത𝑐,𝑟 −  𝑦ത𝑐,𝑠

 𝑦ത𝑐,𝑠
|C

c=1

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 

comparisons between the different mode designs. 

 

4.4.3 Modeling Survey Participation 

Logistic regression models are used to examine predictors of survey participation, includ-

ing the mode design 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 4.3.2 are included 

as predictors of survey participation (0 = nonresponse, 1 = response) along with a mode 

(design) indicator variable (0 = telephone-only, 1 = web starting mode, mixed-mode). 

Multilevel models are used to account for employees nested within establishments. The 

regression model can be expressed as: 

log(
p

ij

1 - p
ij

) = α + Xijβ + Zijγ + Xij Zijτ + μ
j
 (9) 

where p
ij
 denotes the probability of participation for employee i nested within establish-

ment j. The model intercept is denoted by α. The coefficient of the mode (design) indica-
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tor Xij is represented by 𝛽. 𝛾 refers to a vector of coefficients corresponding to the indi-

vidual variables Zij, the interaction coefficients of the individual characteristics Zij and 

the mode (design) indicator Xij are represented by the vector 𝜏. The random effect term 

μ
j
 is normally distributed with mean 0 and variance σu

2. 

4.4.4 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 communication costs, which are 0.95 

Euro for one invitation letter and 0.80 Euro for one reminder letter (German Post 2021). 

Printing, enveloping, and letter handling are assumed to cost 0.05 Euro per letter. The 

telephone mode costs consist of the aforementioned postal communication costs plus in-

terviewer expenses, including interviewer hourly payment (11.12 EUR) (Indeed 2021) 

and the incidental wage cost (27% of the gross earnings; German Federal Office of Sta-

tistics 2020b). Based on this information, the labor cost of one telephone interviewer per 

hour is approximately 14.12 EUR (= 11.12 EUR + (11.12 EUR x 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: 

Cost of telephone interview = 14.12 *
37.4

60
= €8.8 (10) 

Cost of telephone contact attempt = 14.12 *
1

60
= €0.24 (11) 
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We note that both survey modes (web starting mode and telephone) also include fixed 

costs (e.g., questionnaire programming) which are not accounted for in these cost calcu-

lations. As we have no realistic information about fixed costs our focus lies solely on the 

variable costs. 

 

4.5 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 appendix (outcome rates: A5 and A6; non-

response bias: A7, A8, A9, and A10; participation effects: A11 and A12). 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). 

4.5.1 Effect of Mentioning Follow-Up Mode in Invitation Letter 

The results of the invitation letter experiment conducted 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 

respect 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 cooperation rates (Group D: 46.63%; Group 

E: 50.52%) of the telephone follow-ups.  



4 Transitioning an Employee Panel Survey from Telephone to Online and Mixed-Mode Data Collection 

 

108 

The same conclusions were drawn when stratifying the analysis by wave of joining the 

panel. Table A13 shows that the respondent compositions were also similar in both invi-

tation letter groups. Given the lack of differences between the two invitation letter groups, 

we combine both groups in all subsequent analyses.  

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 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 experi-

mental 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. 

 

4.5.2 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 login 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 conventional telephone single-mode design. 

However, implementing the full web-telephone sequence yielded a statistically signifi-

cantly 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 
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(88.60%) designs were quite similar. Third, the telephone cooperation rate for the tele-

phone-only design (56.54%) was higher than for the telephone follow-up stage of the 

mixed-mode 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 con-

clude that transitioning a telephone employee panel to a web-telephone sequential mixed-

mode panel has a positive effect on response rates.  

Table 3. Response Rates by Mode and Mode Design 

  Single-Mode  

(Groups: A and C)  

Mixed-Mode 

(Groups: B, D and E) 

 Telephone Web 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 web after at least one telephone follow-up 

contact attempt were classified as web respondents. 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 coop-

eration rates varied significantly between both designs (χ² = 23.23; p < 0.001). 

 

4.5.3 Nonresponse Bias 

As a higher response rate decreases the risk of nonresponse bias (Groves 2006), one might 

assume that the web-telephone mixed-mode design yielded lower nonresponse bias, on 

average, than the telephone single-mode design. We now check this assumption by con-

trasting the mode designs on their average absolute nonresponse bias (AANB) and aver-

age absolute relative nonresponse bias (AARNB), overall and for each administrative 

variable group. The results, presented in Table 4, reveal two main findings. First, and 

unsurprisingly, aggregate nonresponse bias is higher in the web starting mode for each 
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variable group and overall (overall: AANB: 4.37%; AARNB: 16.70%) in comparison 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. Differences be-

tween the mode designs for the individual variable groups are rather small. The AANB 

for the employment and benefits variable groups are slightly lower for the telephone sin-

gle-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 nonresponse bias. 

Similar conclusions can be drawn from examining median nonresponse biases (Table 

A14).  

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, E and D) 

 Telephone  Web Web-Telephone 

Variable 

group 

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 

 

Next, we examine nonresponse bias (NB), absolute nonresponse bias (ANB), and abso-

lute relative nonresponse bias (ARNB) for specific variables between the mode (designs), 

presented in Table A15 of the appendix. The table reveals three main findings. First, the 

ANB is higher for 23 out of 28 administrative variables in the web starting mode com-

pared to the telephone single-mode. The web starting mode yielded particularly higher 

ANB (than the telephone single-mode) for two categories (<93 Euros; 142+ Euros) of the 
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variable daily earnings and for individuals who were registered as job seekers in the past 

10 years. In contrast, the ANB for full-time workers is a bit lower in the web starting 

mode compared to the telephone-only design. 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 categories. The most substantial bias reduction can be seen for 

employees with university entrance degree as well as the lowest and highest daily earn-

ings 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 reg-

istered 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 employee telephone panel survey to a web-

telephone design 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-tele-

phone mixed-mode design compared to the telephone single-mode design. While nonre-

sponse bias estimates 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 (compared 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. 
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4.5.4 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 re-

sults. The results of the main effects and interaction effects models are presented sepa-

rately for the telephone single-mode vs. web starting mode comparison and the telephone 

single-mode vs. web-telephone mixed-mode comparison.  

4.5.5 Telephone-Only vs. Web Starting Mode 

We start with the results of the telephone-only vs. web starting mode comparison, pre-

sented 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 column) reveal two significant results: employees with high con-

scientiousness 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 demographics, employment, geodata, and paradata do not in-

teract with the mode indicator.  
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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 

Telephone vs. Web-Telephone 

Main effects 

model 

Interaction 

model 

Main effects 

model 

Interaction 

model 

 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept 0.04(.26) 0.68(.38) 0.62(.24)* 0.68(.38) 

Experimental 

group (EG) 
    

(Ref. Telephone-

Only) 
    

Web -0.80(.06)*** -1.98(.52)*** 0.41(.06)*** 0.33(.50) 

Sex     

(Ref. Male)     

Female -0.04(.09) 0.09(.13) 0.02(.08) 0.09(.13) 

Age     

(Ref. <40)     

40–55 0.33(.10)*** 0.29(.14)* 0.26(.09)** 0.29(.14)* 

56+ 0.15(.10) 0.04(.16) 0.04(.10) 0.04(.16) 

German citizen-

ship 
    

(Ref. Yes)     

No -0.39(.22) -0.15(.30) -0.08(.20) -0.15(.30) 

Secondary educa-

tion 
    

(Ref. Less than 

university en-

trance) 

    

University en-

trance 
0.31(.09)*** 0.22(.14) 0.21(.09)* 0.22(.14) 

Higher education     

(Ref. Less than 

university de-

gree) 

    

University degree 0.20(.10)* 0.21(.16) 0.16(.10) 0.21(.16) 

Employment con-

tract 
    

(Ref. Part-time)     

Full-time -0.17(.11) -0.26(.17) -0.15(.10) -0.26(.17) 

Daily earnings     

(Ref. <93)     

93–141 0.18(.08)* 0.05(.13) 0.02(.08) 0.05(.13) 

142+ 0.34(.10)*** 0.24(.16) 0.23(.10)* 0.24(.16) 

Occupation     

(Ref. Production)     

Business/Admin-

istration 
0.07(.08) -0.09(.13) 0.07(.08) -0.09(.13) 

Other -0.03(.12) 0.01(.12) 0.04(.08) 0.01(.12) 

Years working for 

employer 
    

(Ref. <10)     

10–19 -0.05(.09) -0.17(.14) -0.10(.09) -0.17(.14) 

20+ 0.03(.10) -0.07(.15) -0.04(.10) -0.07(.15) 

Benefits last 10 

years 
    

(Ref. No)     

Yes -0.42(.11)*** -0.49(.16)** -0.34(.10)*** -0.49(.16)** 
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Job seeking last 10 

years 
    

(Ref. No)     

Yes -0.03(.08) 0.16(.13) 0.03(.08) 0.16(.13) 

Region     

(Ref. North)     

West 0.09(.10) 0.12(.15) 0.00(.09) 0.12(.15) 

South 0.04(.10) 0.02(.15) -0.06(.10) 0.02(.15) 

East -0.11(.11) -0.12(.16) -0.17(.10) -0.12(.16) 

Urbanicity     

(Ref. <13,000)     

13,000–119,999 0.01(.07) 0.04(.11) 0.06(.09) 0.04(.11) 

120,000+ -0.05(.09) -0.03(.14) -0.01(.09) -0.03(.14) 

Commute     

(Ref. <17)     

17+ 0.02(.09) 0.08(.10) 0.09(.06) 0.08(.10) 

Fast internet     

(Ref. 50–100)     

<50 -0.10(.09) -0.10(.14) -0.05(.09) -0.10(.14) 

Teleworking     

(Ref. No)     

Yes 0.22(.08)** 0.07(.13) 0.11(.08) 0.07(.13) 

General trust     

(Ref. Low     

High 0.06(.07) -0.05(.10) 0.03(.06) -0.05(.10) 

Household size     

(Ref. 3+ Person)     

2 Person 0.05(.07) -0.04(.11) -0.15(.07)* -0.04(.11) 

Single -0.04(.10) -0.03(.15) -0.14(.09) -0.03(.15) 

Openness     

(Ref. Low)     

Medium 0.11(.10) 0.01(.16) -0.08(.10) 0.01(.16) 

High 0.02(.12) 0.04(.18) -0.07(.12) 0.04(.18) 

Extraversion     

(Ref. Low)     

Medium -0.25(.08)*** -0.18(.12) -0.27(.08)*** -0.18(.12) 

High -0.27(.14)** -0.16(.14) -0.34(.09)*** -0.16(.14) 

Agreeableness     

(Ref. Low)     

Medium 0.06(.09) 0.04(.14) 0.03(.09) 0.04(.14) 

High 0.13(.09) 0.13(.14) 0.06(.09) 0.13(.14) 

Conscientiousness     

(Ref. Low)     

Medium -0.11(.11) -0.32(.17) -0.11(.11) -0.32(.17) 

High -0.08(.10) -0.29(.15) -0.11(.10) -0.29(.15) 

Neuroticism     

(Ref. Low)     

Medium -0.08(.07) -0.06(.10) -0.04(.07) -0.06(.10) 

High 0.03(.09) 0.02(.14) 0.05(.09) 0.02(.14) 

Employee linkage 

consent 
    

(Ref. Yes)     

No -0.28(.12)* -0.42(.18)* -0.33(.11)** -0.42(.18)* 

Item nonresponse 

wave 3 
    

(Ref. 0)     

1–2 -0.13(0.06) -0.09(.10) -0.11(.06) -0.09(.10) 

3 -0.23(.10)* -0.22(.15) -0.26(.10)** -0.22(.15) 

Contact attempts 

wave 3 
    

(Ref. <4)     
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4–8 -0.19(.07**) -0.29(.11)** -0.23(.07)*** -0.29(.11)** 

9+ -0.32(.08)*** -0.48(.12)*** -0.4(.08)*** -0.48(.12)*** 

First interview 

wave 
    

(Ref. Wave 1)     

Wave 2 -0.00(.08) 0.03(.12) -0.01(.08) 0.03(.12) 

Wave 3 -0.17(.08)* -0.19(.12) -0.27(.07)*** -0.19(.12) 

Employer linkage     

(Ref. No)     

Yes 0.04(.06) 0.03(.10) 0.07(0.06) 0.03(.10) 

Interactions Estimate Std. Error Estimate Std. Error 

Sex x EG     

(Re. Male)     

Female  -0.21(.18)  -0.10(.17) 

Age x EG     

(Ref. <40)     

40–55  0.08(.20)  -0.06(.19) 

56+  0.18(.21)  -0.01(.20) 

German citizen-

ship x EG 
    

(Ref. Yes)     

No  -0.62(.47)  0.10(.40) 

Secondary educa-

tion x EG 
    

(Ref. Less than 

University en-

trance) 

    

University en-

trance 
 -0.16(.18)  -0.03(.18) 

Higher education 

x EG 
    

(Ref. Less than 

University de-

gree) 

    

University degree  0.02(.21)  -0.05(.21) 

Employment con-

tract x EG 
    

(Ref. Part-time)     

Full-time  0.14(.22)  0.19(.21) 

Daily earnings x 

EG 
    

(Ref. <93)     

93–141  0.24(.18)  -0.06(.17) 

142+  0.22(.21)  -0.00(.21) 

Occupation x EG     

(Ref. Production)     

Business/Admin-

istration 
 0.28(.17)  0.27(.17) 

Other  -0.07(.16)  0.04(.16) 

Years working for 

employer x EG 
    

(Ref. <10     

10–19  0.22(.19)  0.11(.18) 

20+  0.20(.20)  0.05(.20) 

Benefits last 10 

years x EG 
    

(Ref. No)     

Yes  0.13(.22)  0.26(.20) 

Job seeking last 10 

years x EG 
    

(Ref. No)     
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Yes  -0.34(.17)*  -0.22(.17) 

Region x EG     

(Ref. North)     

West  -0.06(.20)  -0.19(.19) 

South  -0.01(.20)  -0.14(.20) 

East  -0.00(.21)  -0.08(.20) 

Urbanicity x EG     

(Ref. <13,000)     

13,000–119,999  -0.06(.14)  0.03(.14) 

120,000+  -0.02(.19)  0.03(.19) 

Commute x EG     

(Ref. <17)     

17+  -0.10(.13)  0.02(.13) 

Fast internet x EG     

(Ref. 50–100)     

<50  -0.01(.19)  0.08(.18) 

Teleworking x EG     

(Ref. No)     

Yes  0.22(.17)  0.06(.17) 

General trust x 

EG 
    

(Ref. Low     

High  0.21(.14)  0.12(.13) 

Household size x 

EG 
    

(Ref. 3+ Person)     

2 Person  015(.14)  -0.18(.14) 

Single  -0.07(.20)  -0.20(.19) 

Openness x EG     

(Ref. Low)     

Medium  0.18(.21)  -0.15(.21) 

High  -0.03(.25)  -0.19(.24) 

Extraversion x EG     

(Ref. Low)     

Medium  -0.11(.16)  -0.15(.16) 

High  -0.19(.19)  -0.33(.19) 

Agreeableness x 

EG 
    

(Ref. Low)     

Medium  0.04(.18)  0.00(.18) 

High  0.01(.19)  -0.12(.18) 

Conscientiousness 

x EG 
    

(Ref. Low)     

Medium  0.39(.22)  0.36(.22) 

High  0.40(.20)*  0.33(.20) 

Neuroticism x EG     

(Ref. Low)     

Medium  -0.01(.14)  0.04(.13) 

High  0.03(.19)  0.04(.18) 

Employee linkage 

consent x EG 
    

(Ref. Yes)  0.25(0.24)  0.14(0.23) 

No     

Item nonresponse 

wave 3 x EG 
    

(Ref. 0)     

1–2  -0.05(.13)  -0.03(.13) 

3  -0.03(.21)  -0.05(.20) 

Contact attempts 

wave 3 x EG 
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(Ref. <4)     

4–8  0.15(.14)  0.09(.14) 

9+  0.26(.16)  0.13(.16) 

First interview 

wave x EG 
    

(Ref. Wave 1)     

Wave 2  -0.04(.16)  -0.06(.16) 

Wave 3  0.04(.16)  -0.13(.16) 

Employer linkage 

x EG 
    

(Ref. Yes)     

No  0.02(0.13)  0.08(0.13) 

N 5,118 5,118 5,118 5,118 

AIC 6471.4 6495.5 6804.8 6868.8 

BIC 6772.3 7084.1 7105.6 7457.5 

Wald-Test (𝑥2) 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(.01) 0.04(.01) 0.02(.01) 0.02(.01) 

Significance level: *** = 0.001, ** = 0.01, * = 0.05 

 

4.5.6 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, 4th 

column) is that assignment to the web-telephone mixed-mode design is associated with a 

significantly higher likelihood of survey participation compared to the telephone single-

mode design. The interaction model (Table 5, 5th column) reveals no significant interac-

tions between the mode design and employee characteristics. The nonexistence of inter-

actions between the mode design and various employee characteristics is a key finding 

for survey practitioners, as it suggests that transitioning to a web-telephone sequential 

mixed-mode design does not alter the respondent composition in an ongoing employee 

panel survey. 

4.5.7 Cost Comparison 

The outcomes of the cost analysis (Table 6) reveal that the web-telephone mixed-mode 

design (€27,113.28) produces higher total costs than the telephone single-mode design 

(€16,359.72) and the web starting mode (€5,414.75). However, when looking at the costs 



4 Transitioning an Employee Panel Survey from Telephone to Online and Mixed-Mode Data Collection 

 

118 

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 (€5.46) followed by the web-telephone design (€14.81) and the telephone single-

mode design (€15.85). Hence, the mixed-mode design yields a small potential cost sav-

ings (of about 7%) relative to the single-mode telephone design.  

Table 6. Cost Analysis by Mode and Mode Design  

 Single-Mode Mixed-Mode 

Telephone Web Web-Telephone 

Invitation letters €2,062 €3,056 €3,056 

Reminder letters 0 €2,358.75 €2,358.75 

Contact attempts €4,193.63 0 €5,583.05 

Interviews €10,104.08 0 €16,115.49 

Total costs €16,359.72 €5,414.75 €27,113.28 

Interviews (N) 1,032 992 1,831 

Avg. cost per respondent €15.85 €5.46 €14.81 

 

4.6 Discussion 

Telephone panel surveys are facing technical and societal changes that lead to rising sur-

vey costs and declining response rates. To compensate for this, some panel surveys have 

experimented with introducing online data collection. This paper reported on a mode (de-

sign) experiment conducted in the fourth wave of a German employee panel survey, 

where panel employees were randomly allocated to a telephone single-mode or a sequen-

tial 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 (mentioning vs. not mentioning the telephone follow-ups) did not significantly 

affect response rates and respondent composition to the web starting mode or full mixed-
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mode sequence, indicating that it makes no difference whether the interviewer-adminis-

tered follow-up mode is disclosed in the web survey invitation letter. Second, introducing 

the sequential web-telephone design yielded a roughly 10-percentage point higher re-

sponse 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 nonrespondents with telephone reduced 

the aggregate nonresponse bias to a level that was comparable to the telephone 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 telephone single-mode than in the 

web-telephone mixed-mode design, and the other half having a higher nonresponse 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 conscientiousness were significantly more likely to par-

ticipate 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-tele-

phone 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) experi-

ments conducted with general population samples, which found a higher response rate for 

the traditional interviewer-administered mode compared to the web-first mixed-mode de-

sign in the initial wave of the mode change (Jäckle et al. 2015; Lüdtke and Schupp 2017). 

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 
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group, who can benefit from the possibility of participating online independent of the 

time of day. However, we note that other study design features can also influence mode 

differences in other studies, such as the use of incentives, paper vs. email invitations, 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 viewpoint, our results suggest that transitioning to a web-first mixed-

mode design in the middle of a telephone employee 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 

(Brick and Williams 2013; Czajka and Beyler 2016), the sequential 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 con-

sisted of employees 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 populations. Second, 

we examined the effects of transitioning 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. Another topic for future research is to study the 

measurement effects of mixing web and telephone modes (de Leeuw 2005). Such effects 

could affect panel analyses and estimates of change which may have consequences for 

substantive analyses (Cernat and Sakshaug 2021). Thus, any improvements in response 
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rates and costs should be weighed against the possible impacts of measurement mode 

effects.  

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 sequential 

mixed-mode design in an ongoing employee panel survey, with some advantages in terms 

of response rates and costs. The current challenges faced by panel studies, such as declin-

ing participation and increasing survey costs, underscore the importance of researching 

alternative mode designs. While our results 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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Appendix  

Table A1. LPP Survey Questions used in the Mode (Design) Experiment 

Variable Question Text Answer Categories 

Teleworking Do you work from home for your employer—even if 

only occasionally?  

1: Yes 

2: No 

General 

trust 

In general, one can trust people. 1: Fully applies 

2: Largely applies 

3: Neutral 

4: Does rather not apply 

5: Does not apply at all 

Household 

size 

How many people live in your household, children and 

yourself included?  

Number: _____ 

Big Five 

categories 

I see myself as someone who …  

A: does a thorough job  

B: is communicative, talkative  

C: is sometimes somewhat rude to others  

D: is original, comes up with new ideas  

E: worries a lot  

F: has a forgiving nature  

G: tends to be lazy  

H: is outgoing, sociable  

I: values artistic, aesthetic experiences  

J: gets nervous easily  

K: does things effectively and efficiently  

L: is reserved  

M: is considerate and kind to others  

N: has an active imagination  

O: is relaxed, handles stress well  

P: is eager for knowledge  

1: Fully applies 

2: Largely applies 

3: Neutral 

4: Does rather not apply 

5: Does not apply at all 

Employee 

linkage 

consent 

To not have to query all your professional career infor-

mation in the next interview again and not needlessly in-

crease its length, we would like to include excerpts from 

other data in the analysis of the survey. These data are 

available at the Institute for Employment Research in 

Nuremberg. This is, for example, information about pre-

vious periods of employment. However, the inclusion of 

these data requires your agreement. For merging these 

data with the survey data, the Data Protection Law re-

quires your agreement, for which I kindly ask you. When 

evaluating this information, it is certain that all data pro-

tection regulations are strictly adhered to. Of course, 

your agreement is voluntary. You can withdraw it at any 

time. 

1: Yes, agreement 

granted 

2: No, agreement not 

granted 
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Table A2. LPP Survey Questions Coding and Handling Information 

Variable Information about coding and handling missing values 

Teleworking The teleworking variable is sourced primarily from wave 3. If the tele-

working variable is missing (n = 1) in wave 3, it is retrieved from either 

wave 2 or wave 1. 

General trust Due to limited usage of the low trust answer categories by respondents, the 

trust variable underwent recoding. Responses falling within the categories 

neutral, does rather not apply, and does not apply at all were recoded as 

low trust, while those response falling within the categories fully applies 

and largely applies were recoded as high trust. Additionally, one missing 

value in the general trust variable was imputed into the low trust category. 

Household size Missing values (n = 4) in the household variable, originally sourced from 

wave 3, were supplemented with responses from wave 2 and wave 1. Ad-

ditionally, we modified the metric coding to three categories (household 

members; 1, 2, 3+) to assess nonresponse bias. 

Big Five 

categories 

The Big Five refer to a set of five personality traits: Openness to Experi-

ence, Conscientiousness, Extraversion, Agreeableness, and Neuroticism. 

This system was developed by psychologists (John et al. 1991; John and 

Srivastava 1999). Within the LPP survey, the Big Five traits are assessed 

using the BFI-S (Big Five Inventory-Short), which comprises up to four 

questions on a five-point scale (1 = fully apply; 5 = does not apply at all) 

for each trait (Gerlitz and Schupp 2005; Lang et al. 2011). The Big Five 

category scores were computed through a three-step process. First, missing 

values (each question contained between 1 and 23 missing values) were im-

puted using the R-package mice. The imputation models mirrored those 

utilized in the LPP weighting procedure (Mackeben et al. 2023). For exam-

ple, if the third question pertaining to the Big Five trait Openness was miss-

ing, it was imputed using the first, second, and fourth questions on Open-

ness as predictors. Second, all items were recoded to ensure consistency in 

directionality (some were negatively formulated while others were posi-

tively formulated). Third, the mean of the scores for relevant subdomains 

was calculated (John et al. 1991; Danner et al. 2019). All employees were 

categorized into one of three groups (low, medium, high) for each Big Five 

trait based on their scores on the respective scale. Notably, the distribution 

of responses varies across different questions within the Big Five. For ex-

ample, many individuals may have high scores on Openness but low scores 

on Neuroticism. Consequently, unique classification criteria were devel-

oped for each trait. The categories were determined as follows: Extraver-

sion (low: <10, medium: 10–12, high: 13+), Agreeableness (low: <11, me-

dium: 11–12, high: 13+), Openness (low: <12, medium: 12–16, high: 17+), 

Conscientiousness (low: <12, medium: 12, high: 13+), and Neuroticism 

(low: <8, medium: 8–10, high: 11+). 

Employee 

linkage consent 

Responding to the employee linkage consent question is obligatory in the 

LPP employee survey. Based on their responses to the employee linkage 

consent question in wave 3 of the survey, employees were divided into two 

groups on the employee linkage consent variable: yes and no. 
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Table A3. Variable Distributions, by Mode and Mode Design 

Administrative  

variable 

Telephone-Only Web-Telephone 

Sample  

(%) 

Resp.  

Tel. (%) 

Sample 

(%) 

Resp. 

Web (%) 

Resp.  

Web-Tel. (%) 

Demographics      

Sex      

Male 70.51 69.96 70.94 73.49 71.33 

Female 29.49 30.04 29.06 26.51 28.67 

Age      

<40 16.15 14.15 16.26 10.99 14.15 

40–55 41.71 45.35 42.24 45.77 45.33 

56+ 42.14 40.50 41.49 43.25 40.52 

German citizenship       

Yes 97.58 97.67 98.00 98.99 98.09 

No 2.42 2.33 2.00 1.01 1.91 

Secondary education       

Less than university entrance 62.03 57.27 62.93 51.71 58.87 

University entrance  37.97 42.73 37.07 48.29 41.13 

 Higher education       

Less than university degree 77.55 73.55 76.05 66.83 72.86 

University degree 22.45 26.45 23.95 33.17 27.14 

Employment      

Employment contract       

Full-time 86.28 84.88 85.05 85.79 84.71 

Part-time 13.72 15.12 14.95 14.21 15.29 

Daily earnings       

<93 32.69 29.55 32.82 21.77 29.77 

93–141 32.20 31.10 33.84 32.76 32.39 

142+ 35.11 39.34 33.34 45.46 37.85 

Occupation       

Production 45.00 43.70 43.82 40.52 41.78 

Business/Administration 30.31 31.59 30.20 37.00 32.66 

Other 24.68 24.71 25.98 22.88 25.56 

Years working for employer       

<10 24.64 23.55  23.79 17.94 22.01 

10–19 36.81 36.43  38.35 38.81  38.61  

20+ 38.55 40.02 37.86 43.25 39.38  

Benefits      

Benefits last 10 years       

No 79.78 83.33 78.34 87.10 81.49 

Yes 20.22 16.67 21.66 12.90 18.51 

Job seeking last 10 years       

No 61.11 63.47 61.62 72.38 65.21 
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Yes 38.89 36.53 38.38 27.62 34.79 

Geodata      

Region       

North 14.26 14.34 14.95 14.21 15.46 

West 29.63 30.23 28.53 31.05 28.89 

South 30.41 32.85 31.28 35.38 32.99 

East 25.70 22.58 25.23 19.35 22.67 

Urbanicity      

<13,000 42.05 41.18 40.71 39.92 39.92 

13,000–119,999 40.40 41.18 41.62 42.44 42.60 

120,000+ 17.56 17.64 17.67 17.64 17.48 

Commute       

<17 55.72 54.55 55.73 53.93 54.12 

17+ 44.28 45.45 44.27 46.07 45.88 

Fast internet       

<50 13.09 12.21 13.61 11.90 13.16 

50–100 86.91 87.79 86.39 88.10 86.84 

Survey data      

Teleworking      

No 79.10 76.45 78.30 69.76 75.59 

Yes 20.90 23.55 21.70 30.24 24.41 

General trust      

Low 32.49 31.98 34.13 28.43 32.22 

High 67.51 68.02 65.87 71.57 67.78 

Household size      

1 13.58 13.08 12.50 10.28 11.47 

2  36.37 34.98 36.39 37.40 34.35 

3+ 50.05 51.94 51.11 52.32 54.18 

Big Five: Extraversion      

Low 22.65 24.61 22.28 26.11 24.85 

Medium 51.84 50.48 52.23 50.81 51.61 

High 25.51 24.90 25.49 23.08 23.54 

Big Five: Agreeableness      

Low  16.00 15.79 15.58 16.62 15.46 

Medium 42.30 42.34 42.64 44.35 43.53 

High 41.61 41.86 41.79 41.03 41.02 

Big Five: Openness      

Low 9.99 9.98 9.75 8.87 10.38 

Medium 67.60 67.54 69.08 72.48 69.31 

High 22.41 22.48 21.17 18.65 20.32 

Big Five: Conscientiousness      

Low 11.69 13.57 11.71 12.10 12.07 

Medium 24.15 23.74 22.81 24.40 23.81 

High 64.16 62.69 65.48 63.51 64.12 
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Big Five: Neuroticism      

Low  42.87 43.51 42.41 44.96 42.71 

Medium 42.00 41.18 41.00 38.81 40.47 

High 15.13 15.31 16.59 16.23 16.82 

Employee linkage consent      

No 8.10 6.68 7.30 6.55 6.34 

Yes 91.90 93.32 92.70 93.45 93.66 

Paradata       

Contact attempts wave 3      

<4 41.61 45.74 43.19 45.16 45.33 

4–8 35.21 33.62 34.59 33.67 33.97 

<8 23.18 20.64 22.22 21.17 20.70 

First interview wave      

Wave 1 40.49 37.89 37.96 33.47 34.52 

Wave 2 33.32 33.72 33.48 33.06 33.59 

Wave 3 26.19 28.39 28.57 33.47 31.90 

Item nonresponse wave 3      

0 46.51 48.93 50.20 54.44  52.21  

1–2 40.93 40.02 38.51  35.89  37.68 

3+ 12.56  11.05 11.29  9.68  10.10 

Employer linkage wave 3      

No  48.35 48.31 65.22 63.71 64.28 

Yes 51.65 51.69 34.78 36.29 35.72 

N 2,062 1,032 3,056 992  1,831 
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Table A4. Final Disposition Codes, by Mode Design  

  

Final Disposition Code 

Mode-Design 

Telephone-Only Web-Telephone 

Freq. Percent Freq. Percent 

Completed interview 1,033 50.10 1,831 59.91 

Refusal     

Respondent-level     

Respondent refusal (T/C) 336 16.29 312 10.21 

Language problem (T/C) 1 0.05 7 0.23 

Broken appointment (T) 287 13.92 392 12.83 

Partial Interview (T/W) 12 0.58 25 0.82 

New invitation letter requested (T) 1 0.05 6 0.20 

Out of the target group (e.g., retired) (T/W/C) 114 5.53 178 5.82 

Household-level     

Household-level refusal (T) 25 1.21 30 0.98 

Household level language problem (T) 11 0.53 16 0.52 

Respondent deceased (T/C) 6 0.29 12 0.39 

Respondent moved (T/C) 1 0.05   

Noncontact     

Always busy (T) 3 0.15   

No answer (T) 63 3.06 29 0.95 

Invitation returned undelivered (T/W) 29 1.41 16 0.52 

Fax data line (T) 3 0.15 5 0.16 

Non-working number (T) 98 4.75 174 5.69 

Wrong number (T) 29 1.41 19 0.62 

Telephone answering device (T) 10 0.48 4 0.13 

N  2,062 100 3,056 100 

Notes: Most final disposition codes are available only for the telephone (T) mode. Three disposition 

codes are also available for the web (W) mode. Some sample units and household members contacted the 

survey institute or the IAB after they received the invitation letter or reminder (C). These employee con-

tacts are assigned to the phase in which they occurred. 
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Table A5. Outcome Rates for Telephone-Single-Mode, Web Starting Mode and Full 

Web-Telephone Design, by Linkable Employees  

 Single-Mode 

(Group A) 

Mixed-Mode 

(Group B) 

Telephone Web Web-Telephone 

Sample size 1,065 1,063 1,063 

Respondents 534 360 654 

Telephone 534 0 294 

Web 0 360 360 

Response (%) 50.14 33.87 61.52 

Contact (%) 88.45 N/A 88.70 

Cooperation (%) 56.69 N/A 48.04 

Notes: the response rates differ significantly (χ2 tests: p = 0.000) between the telephone single-mode vs. 

web starting mode and the telephone single-mode vs. web-telephone mixed-mode design. While contact 

rate differences between the telephone single-mode and telephone follow-up stage of the mixed-mode de-

sign (p = 0.875) are not significant, the cooperation rate varies significantly between both designs (p = 

0.001). 

 

 

Table A6. Outcome Rates for Telephone-Single-Mode, Web Starting Mode and Full 

Web-Telephone Design, by Non-Linkable Employees 

 Single-Mode 

(Group C) 

Mixed-Mode 

(Group D and E) 

Telephone Web Web-Telephone 

Sample size 997 1,993 1,993 

Respondents 499 360 1,177 

Telephone 499 0 817 

Web 0 360 360 

Response (%) 50.05 31.71 59.06 

Contact (%) 88.77 N/A 86.90 

Cooperation (%) 56.69 N/A 48.04 

Notes: the response rates differ significantly (χ2 tests: p = 0.000) between the telephone single-mode vs. 

web starting mode and the telephone single-mode vs. web-telephone mixed-mode design. While contact 

rate differences between the telephone single-mode and telephone follow-up stage of the mixed-mode de-

sign (p = 0.177) are not significant, the cooperation rate varies significantly between both designs (p = 

0.001). 
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Table A7. Average Absolute Nonresponse Bias (AANB) and Average Absolute Relative 

Nonresponse Bias (AARNB), by Variable Group and Overall (Linkable Employees) 
 Single-Mode 

(Group A) 

Mixed-Mode 

(Group B) 

 Telephone Web Web-Telephone 

Variable group AANB 

(%) 

AARNB 

(%) 

AANB 

(%) 

AARNB 

(%) 

AANB 

(%) 

AARNB 

(%) 

Demographics 2.29 8.56 5.32 27.67 2.10 10.40 

Employment 1.49 4.39 5.35 16.94 2.34 7.09 

Benefits 2.10 9.99 7.08 35.45 3.00 15.63 

Geodata 0.96 3.28 1.78 6.57 0.95 3.09 

Overall 1.62 5.91 4.59 19.34 1.99 8.06 

 

 

 

Table A8. Average Absolute Nonresponse Bias (AANB) and Average Absolute Relative 

Nonresponse Bias (AARNB), by Variable Group and Overall (Non-Linkable Employees) 
 Single-Mode 

(Group C) 

Mixed-Mode 

(Group D and E) 

 Telephone Web Web-Telephone 

Variable group AANB 

(%) 

AARNB 

(%) 

AANB 

(%) 

AARNB 

(%) 

AANB 

(%) 

AARNB 

(%) 

Demographics 2.66 9.39 4.93 22.80 2.42 8.84 

Employment 2.56 7.63 4.93 15.47 1.51 4.62 

Benefits 2.43 12.07 7.08 27.80 2.12 7.77 

Geodata 1.48 6.29 2.34 9.39 1.19 4.73 

Overall 2.23 8.35 4.52 17.35 1.72 6.12 
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Table A9. Estimates of Nonresponse Bias (NB), Absolute Nonresponse Bias and Abso-

lute Relative Nonresponse Bias (ARNB) for Each Variable Category (Linkable Em-

ployees) 

Administrative  

variable 

Single-Mode 

(Group A) 

Mixed-Mode 

(Group B) 

Telephone Web Web-Telephone 

NB(ANB) 

(%) 

ARNB 

(%) 

NB(ANB) 

(%) 

ARNB 

(%) 

NB(ANB)  

(%) 

ARNB  

(%) 

Sex       

Female -(0.54) 2.02 -(1.34) 5.20 -(0.09) 0.35 

Age       

<40 -(2.11) 12.91 -(6.65) 40.62 -(3.07) 18.75 

40–55 3.53 8.34 0.22 0.49 0.02 0.04 

56+ -(1.42) 3.44 6.43 16.55 3.05 7.85 

German citizenship        

No -(0.10) 4.26 -(1.71) 60.64 -(0.53) 18.79 

Secondary education        

University entrance  4.57 11.93 11.00 29.91 3.89 10.58 

Higher education       

University degree  3.87 17.03 9.89 40.29 4.04 16.46 

Employment contract        

Full-time -(1.56) 1.77 0.20 0.23 -(0.63) 0.72 

Daily earnings        

<93 -(3.16) 11.81 -(8.17) 32.89 -(2.82) 11.35 

93–141 -(0.18) 0.57 -(3.40) 10.18 -(2.97) 8.89 

142+ 3.35 8.09 11.56 27.68 5.78 13.84 

Occupation        

Production 0.43 0.91 -(5.67) 11.77 -(1.99) 4.13 

Business/Administra-

tion 
-(1.76) 6.42 7.61 26.70 2.69 9.44 

Other 1.33 5.31 -(1.94) 8.32 -(0.70) 3.00 

Years working for em-

ployer  
      

<10 -(0.44) 1.83 -(6.66) 29.25 -(2.28) 10.01 

10–19 -(1.14) 2.98 -(0.83) 2.05 -(0.64) 1.58 

20+ 1.58 4.19 7.48 20.39 2.91 7.93 

Benefits last 10 years        

Yes -(2.77) 14.12 -(8.53) 46.74 -(3.72) 20.38 

Job seeking last 10 years        

Yes -(2.17) 5.53 -(11.00) 29.77 -(3.75) 10.20 

Region        

North 0.52 3.26 -(1.80) 12.11 -(0.33) 2.22 

West 1.60 5.36 3.04 9.94 0.93 3.04 

South 0.20 0.72 1.27 4.14 0.37 1.21 
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East -(2.32) 8.82 -(2.50) 10.46 -(0.95) 3.98 

Urbanicity        

<13,000 -(0.78) 1.88 -(2.33) 5.58 -(1.71) 4.09 

13,000–119.999 0.72 1.73 1.29 3.11 1.02 2.46 

120,000+ 0.04 0.24 1.03 6.15 0.68 4.06 

Commute       

17+ 2.13 4.93 2.50 6.04 2.49 6.02 

Fast internet       

<50 0.34 2.55 -(0.22) 1.56 0.11 0.78 

 

 

Table A10. Estimates of Nonresponse Bias (NB), Absolute Nonresponse Bias and Ab-

solute Relative Nonresponse Bias (ARNB) for Each Variable Category (Non-Linkable 

Employees) 

Administrative  

variable 

Single-Mode 

(Group C) 

Mixed-Mode 

(Group D and E) 

Telephone Web Web-Telephone 

NB(ANB)  

(%) 

ARNB 

(%) 

NB(ANB) 

(%) 

ARNB 

(%) 

NB(ANB) 

(%) 

ARNB  

(%) 

Sex        

Female 1.67 5.15 -(3.12) 10.13 -(0.48) 1.56 

Age       

<40 -(1.72) 10.78 -(4.50) 27.76 -(1.60) 9.87 

40–55 3.67 8.95 5.31 12.99 4.73 11.57 

56+ -(1.95) 4.53 -(0.81) 1.89 -(3.14) 7.32 

German citizenship        

No -(0.11) 4.38 -(0.61) 39.10 0.14 8.97 

Secondary education        

University entrance  5.08 13.51 11.35 30.49 4.15 11.15 

Higher education       

University degree  4.08 18.40 8.81 37.28 2.71 11.47 

Employment contract        

Full-time -(1.18) 1.40 0.98 1.17 -(0.22) 0.26 

Daily earnings        

<93 -(3.15) 8.07 -(12.4) 33.44 -(3.01) 8.12 

93–141 -(2.14) 6.56 0.27 0.79 -(0.60) 1.76 

142+ 5.28 18.60 12.13 42.05 3.61 12.51 

Occupation        

Production -(3.65) 8.62 -(2.10) 5.06 -(2.16) 5.20 

Business/Administra-

tion 
5.08 15.21 6.39 20.54 2.36 7.59 

Other -(1.42) 5.85 -(4.30) 15.69 -(0.21) 0.77 

Years working for em-

ployer   
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<10 -(1.83) 7.24 -(5.35) 21.98 -(1.49) 6.12 

10–19 0.36 1.02 1.11 2.99 0.71 1.91 

20+ 1.46 3.70 4.24 11.02 0.77 2.00 

Benefits last 10 years        

Yes -(4.23) 20.28 -(8.76) 37.31 -(2.75) 11.71 

Job seeking last 10 years        

Yes -(2.45) 6.36 -(10.60) 27.01 -(3.47) 8.84 

Region        

North -(0.42) 3.38 -(0.13) 0.87 0.97 6.47 

West 3.28 10.58 4.73 14.94 2.15 6.79 

South 1.18 3.75 3.14 11.46 0.30 1.09 

East -(4.04) 16.11 -(7.74) 29.84 -(3.43) 13.22 

Urbanicity        

<13,000 -(1.05) 2.47 0.05 0.12 -(0.29) 0.72 

13,000–119.999 0.96 2.45 0.55 1.32 0.95 2.28 

120,000+ 0.08 0.44 -(0.60) 3.30 -(0.66) 3.63 

Commute       

17+ 0.05 0.11 1.50 2.77 -(1.17) 2.16 

Fast internet       

<50 -(2.22) 17.29 -(2.59) 19.40 -(0.78) 5.84 
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Table A11. Log-Odds Ratios of Survey Participation: Telephone Single-Mode vs. a) 

Web Starting Mode and b) Web-Telephone Mixed-Mode (Linkable Employees) 

 

Tel. vs. Web Tel. vs. Web-Tel. 
(Groups A vs. B) (Groups A vs. B) 

MEM Estimate 

(SE) 

IM Estimate 

(SE) 

MEM Estimate 

(SE) 

IM Estimate 

(SE) 

 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept -0.09(.40) 0.71(.54) 0.59(.40) 0.71(.54) 

Experimental group 

(EG) 

    

(Ref. Telephone-Only)     

Web -0.75(.09)*** -2.66(.83)*** 0.48(.09)*** 0.18(.80) 

Sex     

(Ref. Male)     

Female -0.07(.14) -0.02(.19) 0.01(.14) -0.02(.19) 

Age     

(Ref. <40)     

40–55 0.35(.15)* 0.31(.20) 0.24(.14) 0.31(.20) 

56+ 0.25(.16) 0.06(.22) 0.19(.15) 0.06(.22) 

German citizenship     

(Ref. Yes)     

No -0.49(.32) -0.29(.43) -0.27(.29) -0.29(.43) 

Secondary education     

(Ref. Less than univer-

sity entrance) 

    

University entrance 0.28(.14)* 0.33(.19) 0.15(.14) 0.33(.19) 

 Higher education     

(Ref. Less than univer-

sity degree) 

    

University degree 0.18(.16) 0.09(.22) 0.19(.16) 0.09(.22) 

Employment contract     

(Ref. Part-time)     

Full-time -0.31(.18) -0.54(.25)* -0.39(.18)* -0.54(.25)* 

Daily earnings     

(Ref. <93)     

93–141 0.22(.14) 0.21(.19) 0.11(.14) 0.21(.19) 

142+ 0.31(.16) 0.25(.22) 0.32(.16)* 0.25(.22) 

Occupation     

(Ref. Production)     

Business/Administration -0.09(.13) -0.46(.19)* -0.16(.13) -0.46(.19)* 

+Other 0.04(.12) 0.03(.17) 0.01(.12) 0.03(.17) 

Years working for em-

ployer 

    

(Ref. <10)     

10–19 -0.13(.14) -0.34(.20) -0.22(.14) -0.34(.20) 

20+ 0.07(.16) -0.14(.22) -0.04(.15) -0.14(.22) 

Benefits last 10 years     

(Ref. No)     

Yes -0.45(.16)** -0.41(.22) -0.45(.16)** -0.41(.22) 

Job seeking last 10 years     

(Ref. No)     

Yes -0.03(.13) 0.08(.18) 0.06(.13) 0.08(.17) 

Region     

(Ref. North)     

West 0.07(.15) 0.06(.20) 0.02(.14) 0.06(.20) 

South 0.03(.15) 0.01(.21) 0.01(.15) 0.01(.21) 

East -0.01(.16) -0.08(.22) -0.01(.16) -0.08(.22) 

Urbanicity     

(Ref. <13,000)     

13,000–119,999 0.06(.11) 0.03(.15) 0.09(.11) 0.03(.15) 
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120,000+ 0.07(.15) -0.03(.20) 0.12(.14) -0.03(.20) 

Commute     

(Ref. <17)     

17+ 0.10(.10) 0.18(.14) 0.18(.10) 0.18(.14) 

Fast internet     

(Ref. 50–100)     

<50 0.14(.14) 0.13(.20) 0.14(.14) 0.13(.20) 

Teleworking     

(Ref. No)     

Yes 0.37(.13)** 0.25(.18) 0.25(.13) 0.25(.18) 

General trust     

(Ref. Low     

High 0.11(.10) 0.11(.14) 0.04(.10) 0.11(.14) 

Household size     

(Ref. 3+ Person)     

2 Person 0.14(.11) 0.10(.15) -0.03(.11) 0.10(.15) 

Single 0.15(.16) 0.03(.22) -0.04(.15) 0.03(.22) 

Openness     

(Ref. Low)     

Medium 0.09(.16) -0.06(.22) -0.21(.16) -0.06(.22) 

High 0.16(.19) 0.13(.25) -0.12(.18) 0.13(.25) 

Extraversion     

(Ref. Low)     

Medium -0.30(.12)** -0.28(.17) -0.28(.12)* -0.28(.17) 

High -0.30(.14)* -0.25(.20) -0.43(.14)** -0.25(.20) 

Agreeableness     

(Ref. Low)     

Medium 0.09(.14) 0.24(.20) 0.23(.14) 0.24(.20) 

High 0.20(.14) 0.39(.20)* 0.25(.14) 0.39(.20)* 

Conscientiousness     

(Ref. Low)     

Medium 0.00(.17) -0.24(.23) -0.05(.17) -0.24(.23) 

High -0.00(.15) -0.26(.21) -0.06(.15) -0.26(.21) 

Neuroticism     

(Ref. Low)     

Medium -0.06(.10) -0.09(.14) -0.01(.10) -0.09(.14) 

High 0.10(.14) 0.01(.21) 0.01(.14) 0.01(.21) 

Item nonresponse wave 3     

(Ref. 0)     

1–2 -0.10(.10) -0.02(.14) -0.04(.10) -0.02(.14) 

3 -0.41(.16)** -0.35(.21) -0.45(.15)** -0.35(.21) 

Contact attempts wave 3     

(Ref. <4)     

4–8 -0.19(.11) -0.31(.15) -0.26(.11)* -0.31(.15)* 

9+ -0.46(.12)*** -0.55(.17)** -0.53(.12)*** -0.55(.17)** 

First interview wave     

(Ref. Wave 1)     

Wave 2 -0.08(.13) 0.09(.18) -0.08(.13) 0.09(.18) 

Wave 3 -0.19(.12) -0.25(.16) -0.28(.11)* -0.25(.16) 

Interactions Estimate  Std. Error Estimate  Std. Error 

Sex x EG     

(Re. Male)     

Female  -0.03(.29)  0.10(.28) 

Age x EG     

(Ref. <40)     

40–55  0.12(.31)  -0.16(.29) 

56+  0.49(.33)  0.33(.31) 

German citizenship x EG     

(Ref. Yes)     

No  -0.54(.71)  0.11(.58) 
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Secondary education x 

EG 

    

(Ref. Less than Univer-

sity entrance) 

    

University entrance  -0.10(.29)  -0.39(.29) 

 Higher education x EG     

(Ref. Less than Univer-

sity degree) 

    

University degree  0.25(.32)  0.29(.32) 

Employment contract x 

EG 

    

(Ref. Part-time)     

Full-time  0.43(.37)  0.27(.36) 

Daily earnings x EG     

(Ref. <93)     

93–141  0.11(.29)  -0.19(.28) 

142+  0.22(.33)  0.17(.32) 

Occupation x EG     

(Ref. Production)     

Business/Administration  0.77(.26)**  0.66(.26)* 

Other  -0.04(.25)  -0.11(.25) 

Years working for em-

ployer x EG 

    

(Ref. <10     

10–19  0.48(.30)  0.23(.28) 

20+  0.49(.33)  0.22(.31) 

Benefits last 10 years x 

EG 

    

(Ref. No)     

Yes  -0.18(.35)  -0.06(.32) 

Job seeking last 10 years 

x EG 

    

(Ref. No)     

Yes  -0.18(.26)  -0.02(.26) 

Region x EG     

(Ref. North)     

West  0.01(.30)  -0.05(.30) 

South  -0.02(.31)  0.02(.30) 

East  0.06(.33)  0.13(.32) 

Urbanicity x EG     

(Ref. <13,000)     

13,000–119,999  0.07(.22)  0.14(.22) 

120,000+  0.24(.30)  0.34(.29) 

Commute x EG     

(Ref. <17)     

17+  -0.13(0.20)  0.07(.20) 

Fast internet x EG     

(Ref. 50–100)     

<50  -0.02(.29)  -0.03(.28) 

Teleworking x EG     

(Ref. No)     

Yes  0.24(.26)  0.04(.27) 

General trust x EG     

(Ref. Low     

High  0.00(.21)  -0.15(.20) 

Household size x EG     

(Ref. 3+ Person)     

2 Person  0.02(.22)  -0.34(.22) 

Single  0.18(.32)  -0.20(.31) 

Openness x EG     

(Ref. Low)     
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Medium  0.34(.33)  -0.35(.33) 

High  0.10(.39)  -0.55(.38) 

Extraversion x EG     

(Ref. Low)     

Medium  -0.05(.24)  -0.03(.24) 

High  -0.16(.30)  -0.42(.29) 

Agreeableness x EG     

(Ref. Low)     

Medium  -0.30(.29)  -0.04(.28) 

High  -0.44(.29)  -0.34(.28) 

Conscientiousness x EG      

(Ref. Low)     

Medium  0.55(.34)  0.46(.34) 

High  0.66(.32)  0.51(.31) 

Neuroticism x EG     

(Ref. Low)     

Medium  0.09(.21)  0.18(.21) 

High  0.12(.29)  -0.01(.29) 

Item nonresponse wave 3 

x EG 

    

(Ref. 0)     

1–2  -0.09(.21)  0.02(.20) 

3  -0.11(.33)  -0.22(.30) 

Contact attempts wave 3 

x EG 

    

(Ref. <4)     

4–8  0.25(.22)  0.12(.22) 

9+  0.19(.25)  0.07(.25) 

First interview wave x 

EG 

    

(Ref. Wave 1)     

Wave 2  -0.40(.27)  -0.35(.27) 

Wave 3  0.11(.24)  -0.06(.23) 

N 2,128 2,128 2,128 2,128 

AIC 2776.793 2805.481 2846.729 2888.233 

BIC 3025.962 3292.494 3095.898 3375.246 

Wald-Test (𝑥2) 180.64 215.04 145.99 178.91 

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) 0.02(.016) 0.02(.016) 0.02(.014) 0.02(.014) 

Significance level: *** = 0.001, ** = 0.01, * = 0.05
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Table A12. Log-Odds Ratios of Survey Participation: Telephone Single-Mode vs. a) 

Web Starting Mode and b) Web-Telephone Mixed-Mode (Non-Linkable Employees) 

 

Tel. vs. Web Tel. vs. Web-Tel. 
(Groups C vs. D, E) (Groups C vs. D, E) 

MEM Estimate 

(SE) 

IM Estimate 

(SE) 

MEM Estimate 

(SE) 

IM Estimate 

(SE) 

 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept 0.22(.34) 0.64(.55) 0.73(.32)* 0.64(.55) 

Experimental group 

(EG) 

    

(Ref. Telephone-Only)     

Web -0.83(.08)*** -1.57(.70 )* 0.38(.08)*** 0.48(.68) 

Sex     

(Ref. Male)     

Female -0.04(.11) 0.19(.18) 0.00(.11) 0.19(.18) 

Age     

(Ref. <40)     

40–55 0.29(.13)* 0.25(.21) 0.26(.12)* 0.25(.21)  

56+ 0.05(.14) 0.06(.23) -0.07(.13) 0.06(.23) 

German citizenship     

(Ref. Yes)     

No -0.30(.30) -0.03(.43) 0.09(.29) -0.03(.43) 

Secondary education     

(Ref. Less than univer-

sity entrance) 

    

University entrance 0.32(.12)** 0.19(.20) 0.24(.12)* 0.19(.20) 

 Higher education     

(Ref. Less than univer-

sity degree) 

    

University degree 0.22(.13) 0.27(.23) 0.13(.13) 0.27(.23)  

Employment contract     

(Ref. Part-time)     

Full-time -0.08(.14) 0.06(.23) -0.01(.13) 0.06(.23) 

Daily earnings     

(Ref. <93)     

93–141 0.14(.11) -0.15(.19) -0.05(.11) -0.15(.19) 

142+ 0.39(.14)** 0.22(.23) 0.17(.14) 0.22(.23) 

Occupation     

(Ref. Production)     

Business/Administration 0.18(.11) 0.24(.19) 0.22(.11)* 0.24(.19) 

Other -0.06(.11) -0.03(.18) 0.09(.10) -0.03(.18) 

Years working for em-

ployer 

    

(Ref. <10)     

10–19 0.03(.12) 0.02(.19) 0.00(.11) 0.02(.19) 

20+ 0.05(.13) 0.07(.22) 0.01(.13) 0.07(.22) 

Benefits last 10 years     

(Ref. No)     

Yes -0.39(.14)** -0.60(.23)** -0.27(.13)* -0.60(.23)** 

Job seeking last 10 years     

(Ref. No)     

Yes -0.01(.12) 0.29(.19) 0.02(.11) 0.29(.19) 

Region     

(Ref. North)     

West 0.08(.13) 0.19(.23) -0.04(.13) 0.19(.23) 

South 0.03(.13) 0.04(.23) -0.14(.13) 0.04(.23) 

East -0.19(.14) -0.18(.24) -0.28(.13)* -0.18(.24) 

Urbanicity     

(Ref. <13,000)     

13,000–119,999 -0.02(.09) 0.03(.16) 0.04(.09) 0.03(.16) 
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120,000+ -0.13(.12) -0.04(.21) -0.11(.12) -0.04(.21) 

Commute     

(Ref. <17)     

17+ -0.02(.08) 0.01(.14) 0.04(.08) 0.01(.14) 

Fast internet     

(Ref. 50–100)     

<50 -0.28(.13) -0.34(.21) -0.18(.12) -0.34(.21) 

Teleworking     

(Ref. No)     

Yes 0.09(.11) -0.12(.19) 0.01(.11) -0.12(.19) 

General trust     

(Ref. Low     

High 0.02(.09) -0.29(.15) 0.01(.08) -0.29(.15) 

Household size     

(Ref. 3+ Person)     

2 Person -0.03(.09) -0.23(.16) -0.23(.09)** -0.23(.16) 

Single -0.18(.13) 0.20(.21) -0.22(.12) -0.20(.21) 

Openness     

(Ref. Low)     

Medium 0.11(.14) 0.07(.23) -0.00(.13) 0.07(.23) 

High -0.11(.16) -0.07(.27) -0.06(.15) -0.07(.27) 

Extraversion     

(Ref. Low)     

Medium -0.20(.11) -0.03(.18) -0.25(.10)* -0.03(.18) 

High -0.23(.13)  0.02(.21) -0.27(.12)* 0.02(.21) 

Agreeableness     

(Ref. Low)     

Medium 0.05(.12) -0.17(.20) -0.11(.12) -0.17(.20). 

High 0.10(.12) -0.19(.20) -0.07(.12) -0.19(.20) 

Conscientiousness     

(Ref. Low)     

Medium -0.20(.14) -0.44(.25) -0.15(.14) -0.44(.25) 

High -0.14(.13) -0.32(.22) -0.14(.13) -0.32(.22) 

Neuroticism     

(Ref. Low)     

Medium -0.09(.09) -0.07(.15) -0.06(.09) -0.07(.15) 

High -0.04(.12) -0.06(.20) 0.04(.12) -0.06(.20) 

Item nonresponse wave 3     

(Ref. 0)     

1–2 -0.13(.09) -0.09(.15) -0.16(.08) -0.09(.15) 

3 -0.13(.13) -0.19(.21) -0.15(.13) -0.19(.21) 

Contact attempts wave 3     

(Ref. <4     

4–8 -0.18(.09) -0.22(.16) -0.21(.09)* -0.22(.16) 

9+ -0.21(.10)* -0.36(.17)* -0.32(.10)** -0.36(.17)* 

First interview wave     

(Ref. Wave 1)     

Wave 2 0.03(.10) -0.01(.16) 0.02(.09) -0.01(.16) 

Wave 3 -0.21(.11) -0.22(.18) -0.32(.10)*** -0.22(.18) 

Interactions Estimate  Std. Error Estimate  Std. Error 

Sex x EG     

(Re. Male)     

Female  -0.34(.23)  -0.25(.23) 

Age x EG     

(Ref. <40)     

40–55  0.05(0.27)  0.02(.26) 

56+  -0.04(.29)  -0.21(.28) 

German citizenship x EG     

(Ref. Yes)     

No  -0.60(.64)  0.26(.59) 
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Secondary education x 

EG 

    

(Ref. Less than Univer-

sity entrance) 

    

University entrance  0.25(.25)  0.10(.25) 

Higher education x EG     

(Ref. Less than Univer-

sity degree) 

    

University degree  -0.08(.29)  -0.21(.29) 

Employment contract x 

EG 

    

(Ref. Part-time)     

Full-time  -0.19(.29)  -0.07(.28) 

Daily earnings x EG     

(Ref. <93)     

93–141  0.46(.24)  0.16(.23) 

142+  0.28(.30)  -0.06(.29) 

Occupation x EG     

(Ref. Production)     

Business/Administration  -0.11(.23)  -0.06(.23) 

Other  -0.06(.23)  0.16(.22) 

Years working for em-

ployer x EG 

    

(Ref. <10)     

10–19  -0.01(.25)  -0.05(.24) 

20+  -0.02(.27)  -0.09(.27) 

Benefits last 10 years x 

EG 

    

(Ref. No)     

Yes  0.35(.29)  0.50(.28) 

Job seeking last 10 years 

x EG 

    

(Ref. No)     

Yes  -0.50(.24)*  -0.41(.23) 

Region x EG     

(Ref. North)     

West  -0.18(.28)  -0.34(.27)  

South  -0.01(.28)  -0.27(.28) 

East  -0.03(.30)  -0.16(.29) 

Urbanicity x EG     

(Ref. <13,000)     

13,000–119,999  -0.09(.20)  -0.00(.19) 

120,000+  -0.12(.26)  -0.11(.25) 

Commute x EG     

(Ref. <17)     

17+  -0.05(.18)  0.04(.17) 

Fast internet x EG     

(Ref. 50–100)     

<50  0.13(.27)  0.24(.26) 

Teleworking x EG     

(Ref. No)     

Yes  0.28(.23)  0.17(.23) 

General trust x EG     

(Ref. Low     

High  0.49(.19)***  0.44(.18) 

Household size x EG     

(Ref. 3+ Person)     

2 Person  0.31(.20)  0.01(.20) 

Single  -0.05(.27)  -0.04(.26) 

Openness x EG     

(Ref. Low)     
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Medium  0.10(.30)  -0.06(.29) 

High  -0.01(.34)  0.06(.33) 

Extraversion x EG     

(Ref. Low)     

Medium  -0.27(.22)  -0.32(.22) 

High  -0.38(.26)  -0.45(.26) 

Agreeableness x EG     

(Ref. Low)     

Medium  0.32(.25)  0.09(.24) 

High  0.42(.26)  0.15(.25) 

Conscientiousness x EG     

(Ref. Low)     

Medium  0.37(.31)  0.41(.30) 

High  0.30(.28)  0.28(.27) 

Neuroticism x EG     

(Ref. Low)     

Medium  -0.03(.19)  0.00(.18) 

High  0.02(.26)  0,12(.25) 

Item nonresponse wave 3 

x EG 

    

(Ref. 0)     

1–2  -0.07(.18)  -0.09(.18) 

3  0.08(.27)  0.08(.27) 

Contact attempts wave 3 

x EG 

    

(Ref. <4)     

4–8  0.03(.19)  0.01(.19) 

9+  0.24(.22)  0,09(.21) 

First interview wave x 

EG 

    

(Ref. Wave 1)     

Wave 2  0.08(.20)  0.05(.20) 

Wave 3  0.01(.22)  -0.16(.22) 

N 2,990 2,990 2,990 2,990 

AIC 3745.28 3785.029 4003.557 4060.315 

BIC 4009.413 4301.29 4267.691 4576.575 

Wald-Test (𝑥2) 268.89 297.50 170.29 193.03 

Wald-Test (p-value) <0.00 <0.00 <0.00 <0.00 

Random effect 

(establishment; SE) 
<0.00 <0.00 <0.00 <0.00 

ICC (empty model) 0.04(.017) 0.04(.017) 0.017(.014) 0.017(.014) 

Significance level: *** = 0.001, ** = 0.01, * = 0.05 
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Table A13. Variable Distributions of the Advance Letter Experiment, by Mode and 

Mode Design 

Administrative  

variable 

Experimental Group 

D 

Experimental Group 

E 

χ2 test (p-value) 

 

Sam-

ple  

 

Resp.  

Web 

Resp.  

Web-

Tel. 

 

Sam-

ple 

Resp. 

Web 

Resp.  

Web-

Tel.  

Sam-

ples 

Resp.  

Web 

Resp.  

Web-

Tel. 

Demographics          

Sex          

Male 69.21 72.53 69.48 69.18 72.08 69.85 
0.988 0.899 0.891 

Female 30.79 27.47 30.52 30.82 27.92 30.15 

Age          

<40 15.15 12.35 15.17 17.27 11.04 14.07 

0.274 0.727 0.858 40–55 40.42 44.75 45.52 41.37 47.73 45.73 

56+ 44.43 42.90 39.31 41.37 41.23 40.20 

German citizenship          

Yes 98.19 99.07 97.93 98.69 99.03 98.66 
0.367 0.950 0.333 

No 1.81 0.93 2.07 1.31 0.97 1.34 

Secondary education          

Less than uni-

versity en-

trance 

61.79 50.31 57.41 63.76 52.60 59.80  

0.363 0.565 0.406 

University en-

trance  
38.21 49.69 42.59 36.24 47.40  40.20 

Higher education         

Less than uni-

versity degree 
75.73 66.36 73.10 77.01 68.83 74.20 

0.501 0.507 0.668 
University de-

gree 
24.27 33.64 26.90 22.99 31.17 25.80 

Employment          

Employment contract          

Full-time 84.25 86.11 83.97 83.73 83.77 83.58 
0.753 0.410 0.859 

Part-time 15.75 13.89 16.03 16.27 16.23  16.42 

Daily earnings           

<93 37.11 25.00 33.79 37.05 24.35 34.34 

0.960 0.931 0.895 93–141 33.80 33.64 33.10 34.34 35.06 33.84 

142+ 29.09 41.36 33.10 28.61 40.58 31.83 

Occupation           

Production 41.42 42.59 39.31 41.57 36.04 39.36 

0.675 0.219 0.643 
Business / Ad-

ministration 
30.39 34.88 32.41 31.83 40.26 34.51 

Other 28.18 22.53 28.28 26.61 23.70 26.13 

Years working for employer         

<10 23.17 17.28 22.41 25.50 20.78 23.28 0.323 0.511 0.756 
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10–19 38.62 38.58 38.97 35.74 37.99 36.85 

20+ 38.21 44.14 38.62 38.76 41.23 39.87 

Benefits          

Benefits last 10 years          

No 76.53 84.57 78.45 76.51 86.04 80.07 
0.990 0.602 0.493 

Yes 23.47 15.43 21.55 23.49 13.96 19.93 

Job seeking last 10 years         

No 61.08 69.44 62.93 60.44 73.38 65.49 
0.769 0.274 0.359 

Yes 38.92 30.56 37.07 39.56 26.62 34.51 

Geodata          

Region           

North 16.15 15.43 17.24 13.86 14.29 14.74 

0.294 0.502 0.584 
West 26.18 28.09 26.72 28.61 33.12  28.64 

South 32.50 36.73 34.31 30.82 36.04 33.33 

East 25.18 19.75 21.72 26.71 16.56 23.28 

Urbanicity          

<13,000 39.02 38.27 38.97 41.27 42.21 40.70 

0.582 0.593 0.819 
13,000–

119,999 
42.63 43.83 43.10 40.76 40.58 42.21 

120,000+ 18.36 17.90 17.93 17.97 17.21 17.09 

Commute           

<17 52.46 50.31 50.34 55.92 55.19 55.61 
0.120 0.219 0.070 

17+ 47.54 49.69 49.66 44.08 44.81 44.39 

Fast internet           

<50 13.64 12.04 13.62 13.05 9.42 11.56 
0.699 0.288 0.286 

50–100 86.36 87.96 86.38 86.95 90.58 88.44 

N 997 324 580 996 308 597    

 

 

Table A14. Median Absolute Nonresponse Bias (MANB) and Median Absolute Rela-

tive Nonresponse Bias (MARNB), by Variable Group and Overall 

Variable Groups 

Single-Mode 
(Groups A and C) 

 Mixed-Mode 
(Groups B, D and E) 

Telephone  Web Starting 

Mode 

Web-Telephone 

MANB 

(%) 

MARNB 

(%) 

 MANB 

(%) 

MARNB 

(%) 

MANB 

(%) 

MARNB 

(%) 

Demographics 2.00 8.73  3.53 30.27 2.11 7.32 

Employment 1.29 3.61  4.35 13.08 1.65 4.47 

Benefits 2.96 11.81  9.76 34.24 3.37 11.95 

Geodata 0.87 2.07  1.71 4.95 0.79 3.31 

Overall 1.23 3.85  3.20 12.25 1.57 4.39 



4 Transitioning an Employee Panel Survey from Telephone to Online and Mixed-Mode Data Collection 

143 

Table A15. Estimates of Nonresponse Bias (NB), Absolute Nonresponse Bias and Ab-

solute Relative Nonresponse Bias (ARNB) for Each Variable Category 

Administrative  

variable 

Single-Mode 

(Groups A and C) 

Mixed-Mode 

(Groups B, D and E) 

Telephone Web Web-Telephone 

NB(ANB) 

(%) 

ARNB 

(%) 

NB(ANB) 

(%) 

ARNB 

(%) 

NB(ANB)  

(%) 

ARNB 

(%) 

Sex        

Female (0.55) 1.87 -(2.55) 8.77 -(0.39) 1.34 

Age       

<40 -(2.00) 12.38 -(5.27) 32.41 -(2.11) 12.98 

40–54 (3.64) 8.73 (3.53) 8.36 (3.09) 7.32 

56+ -(1.64) 3.89 (1.76) 4.24 -(0.97) 2.34 

German citizenship        

No -(0.09) 3.72 -(0.99) 49.50 -(0.09) 4.50 

Secondary education        

University entrance (4.76) 12.54 (11.22) 30.27 (4.06) 10.95 

Higher education       

University degree  (4.00) 17.82 (9.22) 38.50 (3.19) 13.32 

Employment contract        

Full-time -(1.40) 1.62 (0.74) 0.87 -(0.34) 0.40 

Daily earnings        

<93 -(3.14) 9.61 -(11.05) 33.67 -(3.05) 9.29 

93–141 -(1.10) 3.42 -(1.08) 3.19 -(1.45) 4.28 

142+ (4.23) 12.05 (12.12) 36.35 (4.51) 13.53 

Occupation        

Production -(1.30) 2.89 -(3.30) 7.53 -(2.04) 4.66 

Business/Administra-

tion 
(1.28) 4.22 (6.80) 22.52 (2.46) 8.15 

Other (0.03) 0.12 -(3.10) 11.93 -(0.42) 1.62 

Years working for em-

ployer   

 

 

 

 

 

<10 -(1.09) 4.42 -(5.85) 24.59 -(1.78) 7.48 

10–19 -(0.38) 1.03 (0.46) 1.20 (0.26) 0.68 

20+ (1.47) 3.81 (5.39) 14.24 (1.52) 4.01 

Benefits last 10 years        

Yes -(3.55) 17.56 -(8.76) 40.44 -(3.15) 14.54 

Job seeking last 10 years        

Yes -(2.36) 6.07 -(10.76) 28.04 -(3.59) 9.35 

Region        

North (0.08) 0.56 -(0.74) 4.95 (0.51) 3.41 

West (0.60) 2.02 (2.52) 8.83 (0.36) 1.26 

South (2.44) 8.02 (4.10) 13.11 (1.71) 5.47 

East -(3.12) 12.14 -(5.88) 23.31 -(2.56) 10.15 
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Urbanicity        

<13,000 -(0.87) 2.07 -(0.79) 1.94 -(0.79) 1.94 

13,000–119.999 (0.78) 1.93 (0.82) 1.97 (0.98) 2.35 

120,000+ (0.08) 0.46 -(0.03) 0.17 -(0.19) 1.08 

Commute       

17+ (1.17) 2.64 (1.80) 4.07 (1.61) 3.64 

Fast internet       

<50 -(0.88) 6.72 -(1.71) 12.56 -(0.45) 3.31 
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Abstract  

Telephone surveys have historically been a popular form of data collection in labor mar-

ket research and continue to be used to this day. Yet, telephone surveys are confronted 

with many challenges, including imperfect coverage of the target population, low re-

sponse rates, and rising data collection costs. To address these challenges, many tele-

phone surveys have shifted to online and mixed-mode data collection to reduce costs and 

minimize the risk of coverage and nonresponse biases. However, empirical evaluations 

of the intended effects of introducing online and mixed-mode data collection in ongoing 

telephone surveys are lacking. We address this research gap by analyzing a telephone 

employee survey in Germany, the Linked Personnel Panel (LPP), which experimentally 

introduced a sequential web-to-telephone mixed-mode design in the fourth and fifth 

waves of the panel. By utilizing administrative data available for sampled individuals 

with and without known telephone numbers, we estimate the before-and-after effects of 

introducing the web mode on coverage and nonresponse rates and biases. We show that 

the LPP was affected by known telephone number coverage bias for various employee 

subgroups prior to introducing the web mode, though many of these biases were partially 

offset by nonresponse bias. Introducing the web-to-telephone design improved the re-

sponse rate but increased total selection bias, on average, compared to the standard tele-

phone single-mode design. This result was driven by larger nonresponse bias in the web-

to-telephone design and partial offsetting of coverage and nonresponse biases in the tele-

phone single-mode design. Significant cost savings (up to 50% per respondent) were ev-

ident in the web-to-telephone design.  
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5.1 Introduction 

Labor market surveys focused on employed persons are essential for understanding work-

place dynamics, improving labor conditions, and guiding policy decisions. These surveys 

collect data on various aspects, including employee demographics, wages, job satisfac-

tion, benefits, career development, and work-life balance. This wealth of information em-

powers policymakers to forge effective labor regulations, aids organizations in optimizing 

employee engagement and well-being, and furnishes researchers with invaluable insights 

into evolving trends (German Federal Ministry of Labour and Social Affairs 2019; Sta-

tistics Denmark 2023). Despite substantial sociological and technological transitions in 

telephone usage patterns and contactability (Kempf and Remington 2007; Mohorko et al. 

2013; Degryse 2016; Lovergine and Pellero 2018), many labor market surveys are con-

ducted solely by telephone. Examples include the Swedish, Norwegian, and Swiss labor 

force surveys (Eurostat 2022) as well as the German Digitalization and Change in Em-

ployment Survey (DiWaBe) (Arntz et al. 2020) and the BIBB/BAuA Employment Survey 

conducted by the German Federal Institute for Vocational Education Training (BIBB) 

and the German Federal Institute for Occupational Safety and Health (BAuA) (Hall et al. 

2020). However, like other interviewer-administered surveys, telephone surveys are ham-

pered by low and declining response rates (Brick and Williams 2013; Czajka and Beyler 

2016; Luiten et al. 2020), imperfect coverage of the target population (Kempf and Re-

mington 2007; Lipps et al. 2015; Häder and Sand 2019), and rising survey costs (Couper 

2017; Olson 2021; Olson et al. 2021a). 

Introducing online or mixed-mode data collection in ongoing telephone labor market sur-

veys offers the potential to address each of these challenges (Tourangeau et al. 2013; 

Couper 2017; Dillman 2017; de Leeuw 2018). First, utilizing an online mode addresses 
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the issue of coverage by allowing sampled households with unknown (or unlisted) tele-

phone numbers to be included in the fielded sample. Known telephone number noncov-

erage is a particularly relevant concern in Europe, where it is common to draw address-

based samples from population registers and match them to public telephone directories 

and commercial telephone lists, as opposed to implementing random-digit dialing (Lav-

rakas 2010). However, due to declining proportions of telephone number registrations, 

which are no longer mandatory, there is a growing risk of undercoverage due to unknown 

telephone number status (Lipps et al. 2015; Häder and Sand 2019). Second, labor market 

surveys are likely to benefit from inviting respondents to participate online as an alterna-

tive to telephone, as it provides employees the possibility of participating at their own 

convenience and from any location with internet access, including their workplace, thus 

potentially increasing the likelihood of participation and, in turn, response rates. Lastly, 

introducing online data collection in an ongoing telephone survey offers potential cost 

savings if a significant proportion of respondents use the online mode instead of the more 

expensive telephone mode (Berzelak et al. 2015; Dillman 2017; Sastry and McGonagle 

2022). 

However, the intended effects of introducing an online mode on coverage and nonre-

sponse in an otherwise single-mode telephone employment survey have not been experi-

mentally evaluated. We address this research gap by analyzing a mode design experiment 

embedded within a telephone employee panel survey in Germany—the Linked Personnel 

Panel (LPP). To reduce costs and address decreasing rates of known telephone number 

coverage, the LPP experimentally introduced a sequential web-to-telephone mixed-mode 

design in the fourth and fifth waves of the panel. Using extensive administrative data 

available for respondents and nonrespondents and those with and without known tele-

phone numbers, we address the following research questions: 
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1. To what extent has the known telephone number coverage rate changed over the 

first five waves (8 years) of the LPP survey? 

2. Are specific employee subgroups more (or less) likely to have a known telephone 

number? Have these subgroup coverage patterns changed over time?  

3. How large are known telephone number coverage biases in the first three waves 

of the LPP survey, i.e., before introducing the web mode? 

4. What is the magnitude of total selection bias (noncoverage and nonresponse bias) 

in the first three waves of the LPP, i.e., before introducing the web mode? Do 

coverage and nonresponse biases offset or reinforce each other? 

5. Does total selection bias differ between a single-mode telephone and a sequential 

web-to-telephone mixed-mode design? Is there a trade-off between coverage and 

nonresponse rates and bias? 

6. What is the impact of introducing the web mode on survey costs and potential cost 

savings? 

Addressing these research questions will inform researchers on the implications of shift-

ing away from telephone-only to online and mixed-mode data collection for employed 

populations from both a cost and error perspective. By examining multiple sources of 

selection bias (namely, coverage and nonresponse) over multiple rounds of data collec-

tion, researchers will come away with a better understanding of how these error sources 

have evolved over the last decade, their joint impact on total selection bias, and how they 

are affected before and after introducing the online mode. Such knowledge is crucial for 

identifying potential coverage and nonresponse disparities and trade-offs, and will pro-

vide survey practitioners and data users with a nuanced understanding of the accessibility 
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of different subgroups and their likelihood of being covered and participating under dif-

ferent mode designs. From a cost perspective, this research will inform survey planners 

the extent to which potential savings can be realized by shifting from telephone to online 

and mixed-mode data collection. While many studies have made claims about cost sav-

ings of shifting to online data collection, the present study provides estimated cost differ-

entials that will inform researchers on the extent to which these claims hold and provide 

an empirical basis for evaluating the cost implications of shifting mode designs in their 

own surveys. 

 

5.2 Background  

5.2.1 Known Telephone Number Coverage 

Telephone surveys became a prominent data collection method in the 1980s due to high 

landline coverage and low survey costs compared to face-to-face surveys (Häder et al. 

2012; Couper 2017; Dillman 2017). Telephone surveys in Europe have been traditionally 

conducted by merging population register samples to public (mainly landline) telephone 

directories. This contrasts with telephone surveys in the US, which often use random-

digit dialing (RDD) (Lavrakas 2010). 

However, two major developments produced coverage challenges for European telephone 

surveys. First, the obligation to register every telephone number ended in 1992 for many 

European countries (Beukenhorst 2012; Kuusela and Simpanen 2012; Stähli 2012). Since 

then, the amount of listed telephone numbers has continuously declined, with Germany, 

for example, seeing a decrease from 28.6 million in 2005 to 16.7 million in 2016 (Häder 

and Sand 2019). This has led to a growing proportion of units with unknown telephone 

number in register-based samples and has also resulted in heightened survey costs due to 

the necessity of conducting additional telephone number research (Lipps et al. 2015; Dal 
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Grande et al. 2016). Second, the worldwide transition from landline to mobile telephone 

adoption (Lavrakas et al. 2017; Worldbank 2023a, b) represented another challenge for 

telephone surveys as mobile numbers are mostly unknown and rarely listed in public tel-

ephone directories (Kempf and Remington 2007). In Germany, the share of households 

with (at least) one landline telephone decreased from 95.1% in 2004 to 84.3% in 2021 

(German Federal Office of Statistics 2004, 2021). In the US, the trend is even more pro-

nounced with the share of adults living in households with landline access declining from 

93.6% to 20.1% over the same period (Blumberg and Luke 2008, 2022). In contrast, the 

share of households in the US and Germany with at least one mobile telephone has in-

creased to almost 100% since its market introduction in the 1990s (German Federal Office 

of Statistics 2021; Blumberg and Luke 2022).  

The declining share of registered (landline and mobile) telephone numbers that can be 

matched to register-based samples calls into question the issue of coverage bias in tele-

phone surveys. This issue has drawn some attention in the literature. For example, Gor-

doni et al. (2011) merged a random sample of individuals (n = 6,405) from the Israeli 

population register to a public telephone directory using name and postal address. Alto-

gether, 77.9% of individuals could be merged to a telephone number (landline, mobile, 

or both). Differences between merged and non-merged individuals were rather small and 

mostly insignificant, suggesting no strong evidence of coverage bias due to known tele-

phone number status.  

Joye et al. (2012) analyzed landline telephone coverage in Switzerland by using the fourth 

round of the European Values Survey (EVS). The survey was conducted face-to-face and 

included a question on landline registration in public telephone directories. Differences 
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in sociodemographic and substantive characteristics between listed and non-listed land-

line owners were small, indicating no significant coverage bias due to listed telephone 

number status. 

Sala and Lillini (2017) analyzed listed (landline) telephone number coverage bias using 

the Italian Everyday Living Survey, a cross-sectional face-to-face survey that included 

questions on landline registration in official telephone directories. The authors found sig-

nificant differences on sociodemographic and substantive characteristics between listed 

and unlisted landline owners. For instance, unlisted landline owners were significantly 

less likely to be 45 and older and to be retired, and more likely to live in single-person 

households and to report better health conditions than listed landline owners.  

Lipps et al. (2015) matched the Swiss Electoral Study 2011 sample to telephone numbers 

by using different matching procedures. In the initial step, 5,530 out of 8,162 individuals 

were matched to a listed telephone number by the Swiss Federal Statistical Office 

(SFSO). In a second step, 1,338 out of 2,632 non-matched cases could be merged to a 

telephone number using various methods, such as commercial matching software and 

marketing databases. In a third step, a postcard request was addressed to the remaining 

1,294 unmatched cases, with an additional 124 employees providing a telephone number. 

The authors showed that both additional steps (commercial searches and postcard request) 

contributed to a reduction in coverage bias.  

Our study builds on these previous studies by exploring changes in coverage rates over 

time to capture trends and variations in known telephone number status. Further, we uti-

lize objective measures of known telephone number status, as opposed to relying on re-

spondent self-reports. Furthermore, we extend the analysis beyond sociodemographic 

characteristics by incorporating a wide range of substantive administrative variables.  
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5.2.2 Nonresponse in Telephone Surveys 

In addition to known telephone number coverage, telephone surveys have also experi-

enced declining response rates over the last decades (Brick and Williams 2013; Czajka 

and Beyler 2016; Luiten et al. 2020; Dutwin and Buskirk 2021). To address this challenge, 

survey practitioners have employed methods such as offering incentives, reducing ques-

tionnaire length, and increasing contact attempts (Groves et al. 2009). Despite these meth-

ods, response rates in large telephone surveys are still declining for both landline (2008: 

16%, 2015: 9%) and mobile (2008: 12%, 2015: 7%) samples, as evidenced from 15 sur-

vey research institutes in the USA, spanning years 2007 to 2015 (Dutwin and Lavrakas 

2016). In line with this trend, the Pew Research Center, a US survey research organiza-

tion, reported a decline in their telephone response rates from an average of 36% in 1997 

to 6% in 2018 (Kennedy and Hartig 2019). These nonresponse and coverage issues, com-

bined with rising survey costs, have led to a declining share of telephone-only surveys 

(compared to other survey modes) (Olson et al. 2021b; ADM 2023), raising concerns 

about the future of this survey mode.  

A consequence of declining response rates is the increased risk of nonresponse bias in 

telephone survey estimates when respondents differ systematically from nonrespondents 

on key variables (Groves 2006). Previous empirical research has found evidence of non-

response bias in single-mode telephone surveys. For example, younger individuals are 

often underrepresented (Dennis et al. 2005; Kreuter et al. 2010; Lugtig et al. 2011; Lipps 

et al. 2015) as are individuals with lower levels of education (Dennis et al. 2005; Dillman 

et al. 2009; Lugtig et al. 2011), inhabitants of large cities (Lipps and Pekari 2016), non-

married individuals (Lugtig et al. 2011; Lipps and Pekari 2016), persons living alone 

(Dillman et al. 2009), and employed persons (Kreuter et al. 2010; Lugtig et al. 2011). 

However, very little is known about the relative contribution of both nonresponse bias 
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and known number coverage bias in telephone surveys, whether they offset or reinforce 

each other, and their joint impact on total selection bias—issues we explore in the present 

study. 

5.2.3 Effects of Introducing Web in Telephone Surveys  

While known telephone number coverage has declined in Europe, the share of households 

with internet access has constantly risen. For example, from 2010 to 2021, the internet 

penetration rate in the Netherlands, Spain, and Belgium increased from 80%, 56%, and 

70% to 99%, 96%, and 92%, respectively (Eurostat 2023). Some sociodemographic sub-

groups tend to be more likely to have home internet access than others, including em-

ployed persons (German Federal Office of Statistics 2021; US Census Bureau 2022). 

Hence, introducing web in a telephone employee survey could be beneficial in terms of 

maximizing coverage due to the widespread availability of the internet for this population, 

but also for addressing declining response rates and minimizing costs. 

Web is a commonly used mode in mixed-mode surveys as it is less costly than inter-

viewer-administered modes. Cost savings can be maximized when implemented as part 

of a sequential web-first mixed-mode design (Dillman 2017), where sampled units are 

initially “pushed” to the web mode, and only offered a potentially more expensive alter-

native mode (e.g., face-to-face, telephone) during the nonresponse follow-up phase. In-

troducing a web mode can also increase the chances of reaching potential respondents 

(Dillman 2017; de Leeuw 2018; Biffignandi and Bethlehem 2021). Thus, it may over-

come coverage biases in register-based telephone surveys as sampled units without a 

known telephone number can still be reached and invited to take part online. In the context 

of employment surveys, the web mode offers greater flexibility and convenience for 

working professionals who may be difficult to reach via an interviewer-administered 

mode.  
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However, reducing coverage biases in telephone surveys by introducing a web mode may 

be met with reduced overall response rates and a greater risk of nonresponse bias if those 

who are excluded from register samples due to having an unknown telephone number are 

less likely to participate via web. Previous studies comparing both modes experimentally 

have found that the web mode often yields lower response rates than the telephone mode 

(Schouten et al. 2013; Laaksonen and Heiskanen 2014; Keeter 2015; Woo et al. 2015; 

Lee et al. 2019; Gundersen et al. 2021; Voorpostel et al. 2021), but lower survey costs 

(Braunsberger et al. 2007; Berzelak et al. 2015; Lipps and Pekari 2016; Lee et al. 2019; 

Soullier et al. 2023). 

Research has also shown that web and telephone modes generate different types of re-

spondents (Dillman et al. 2009; Lugtig et al. 2011; Klausch et al. 2015; Lipps and Pekari 

2016). For instance, individuals with middle and higher incomes (Dillman et al. 2009; 

Berzelak et al. 2015; Klausch et al. 2015) and employed individuals (Lugtig et al. 2011; 

Schouten et al. 2013; Voorpostel et al. 2021) are more likely to respond via web, possibly 

due to the aforementioned relationship between employment status and home internet 

access. 

In the context of mixing modes, previous research has found that following-up web non-

respondents by telephone significantly increases response rates compared to a single-

mode web design (Greene et al. 2008; Dillman et al. 2009; Soullier et al. 2023), but yields 

lower response rates compared to a single-mode telephone design (Legleye and Char-

rance 2021). Legleye and Charrance (2021) also found differences in respondent compo-

sitions (e.g., education levels) between both mode designs. Furthermore, Soullier et al. 

(2023) showed a nearly 40% lower cost-per-interview for a sequential web-to-telephone 

design compared to a telephone-only design (23 EUR vs. 39 EUR per respondent). 
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However, the effects of introducing web in a traditional telephone survey on total selec-

tion bias and potential trade-offs between coverage and nonresponse remain a gap in the 

literature. In the most severe case, efforts to reduce or eliminate coverage bias by intro-

ducing a web mode could lead to greater overall selection bias—an issue we explore in 

the forthcoming analysis by leveraging extensive individual-level administrative data 

available for both respondents and nonrespondents as well as sampled units with and 

without known telephone numbers.  

 

5.3 Data 

5.3.1 Linked Personnel Panel 

This study uses data from the Linked Personnel Panel (LPP), a German employee panel 

survey. The LPP—sponsored by the German Federal Ministry of Labor and Social Affairs 

(BMAS) and the Institute for Employment Research (IAB)—is designed for labor market 

research by simultaneously observing the employer and employee perspectives (Ruf et 

al. 2022).  

An employer panel survey, which covers topics related to human resources and digitali-

zation, forms the first part of the LPP. The target population of the LPP employer survey 

comprises establishments with a minimum of 50 employees covered by social insurance, 

excluding those establishments in agriculture, fishing, public administration, publicly 

owned businesses, and non-profit or religious organizations. The target population of the 

LPP employer survey consists of companies that meet the specified criteria and had a 

valid interview in the IAB Establishment Panel (IEB-EP) in the year before. The IAB-EP 

is an annual survey representative of all establishments in Germany with at least one em-

ployee subject to social insurance. The sample is drawn from the business register of the 

German Federal Employment Agency (BA). Given that the above conditions applied to 
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only 2,222 employers, all employers in the LPP employer survey sample frame were sur-

veyed starting in 2012. Participating employers were recontacted in subsequent waves (2: 

2014, 3: 2016, 4: 2018, 5: 2020). Refreshment samples were drawn via simple random 

sampling in waves 3, 4, and 5 to counter panel attrition. All data collection was carried 

out by Kantar.  

An employee survey, covering employees’ working conditions, health, and personality 

traits, forms the second part of the LPP and is the focus of the present study. A simple 

random sample of employees (drawn from the establishments that participated in the first 

wave of the LPP employer survey) represents the starting point of the LPP employee 

survey, which began in 2013. This employee sample is drawn from the Integrated Em-

ployment Biographies, an administrative database of employees in Germany discussed in 

more detail below. Employees who gave panel consent at the end of their initial interview 

were recontacted in subsequent waves (2: 2015; 3: 2017; 4: 2019; 5: 2021). Refreshment 

samples were also drawn in these waves, which we use to address our research questions. 

All data collections were conducted by the Institute of Applied Social Sciences (infas).  

Interviews were carried out solely by telephone during the first three waves of the LPP 

employee survey. Employee telephone numbers originate from past contacts with the BA 

(e.g., registration as a welfare benefit recipient or job seeker) and from commercial tele-

phone number research conducted by the survey institute. For the refreshment samples, 

the telephone number research was carried out by merging names and addresses to the 

German Postal Directory, which contains telephone number registrations (German Post 

2023). The numbers originating from the telephone number research are used first if they 

differ from the BA number. Due to data security regulations, the survey institute does not 

publish results of the telephone number research; thus, it is unclear how many individuals 

were contacted solely by a number supplied by the BA or the telephone number research.  
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5.3.2 Mode Design Experiment  

A sequential web-to-telephone mixed-mode design was experimentally introduced in the 

refreshment samples of waves 4 and 5 of the LPP employee survey to evaluate the impacts 

of introducing web on coverage, nonresponse, and survey costs. The experimental design 

is depicted in Figure 1. Sampled employees with known telephone number were ran-

domly allocated to two experimental groups: the standard single-mode telephone design 

used in previous waves of the LPP and a sequential web-to-telephone mixed-mode de-

sign. Employees with unknown telephone numbers were allocated to a (non-experi-

mental) single-mode web design.  

 

 

Figure 1. Diagram of the Mode Design Experiment for the Refreshment Samples of 

Waves 4 and 5 of the LPP Employee Survey 
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Invitation and reminder letters were sent in all mode designs. For the single-mode tele-

phone design, the invitation letter announced upcoming contact attempts via telephone. 

For the web-to-telephone design, the invitation letter included a link and password to the 

online survey, with no mention of telephone follow-ups. One reminder was sent to initial 

nonrespondents after two weeks to encourage a web response and mentioning that tele-

phone contact attempts would start within the next week if the web survey was not com-

pleted until then. All telephone contact attempts were carried out from Monday to Friday 

between 1pm–9pm and on Saturday between 10am–6pm. The web survey remained open 

throughout the entire field period. For the single-mode web design used for employees 

with unknown telephone number, up to two reminders were sent that included the same 

link and password to the online survey as included in the invitation letter.  

5.3.3 Administrative Data 

Two different administrative data sources are used for analyzing coverage and nonre-

sponse bias: the Integrated Employment Biographies (IEB) (Schmucker et al. 2023) of 

the IAB and the Community Directory (CD) of the German Federal Office of Statistics. 

The IEB includes sociodemographic and employment information collected from 1975 

onward for each employee subject to the German social insurance system. The IEB data 

are used to generate three variable groups: demographics, employment characteristics, 

and benefit receipt. The demographic variables include information on sex, age (in years; 

<30, 30–39, 40–49, 50–59, 60+), German citizenship (yes, no), secondary education (uni-

versity entrance qualification; yes, no), and higher education (university degree; yes, no). 

The employment variable group is composed of employment contract (full-time, part-

time), daily earnings (in Euros; <86, 86–131, 132+), occupation (production, business, or 

administration, other), and number of years working for current employer (<5, 5–9, 10–

19, 20+). The benefits group includes two variables on whether, in the last 10 years, the 
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employee received social benefits (yes, no) or registered as a job seeker (yes, no) in order 

to receive non-monetary benefits, including job counseling and placement suggestions. 

The CD provide geodata on the number of inhabitants, postal codes, and population size 

of every municipality in Germany. We use the CD data to derive a measure of urbanicity 

(population size: <5,000, 5,000–19,999, 20,000–99,999, 100,000–499,999, 500,000+) at 

the municipality level. This variable and region of residence (north, south, west, east) 

(collected from the IEB data) comprise the geodata variable group. All continuous varia-

bles are categorized into roughly-equal sized groups or arbitrary categories based on in-

spection of their distributions. Table 1 provides an overview of the administrative varia-

bles used in this study. Sample distributions for each variable are displayed in Table A1 

of the appendix. 

Table 1. Administrative Variables Used in Analysis 

 

Variables Categories 

Demographics (source: IEB) 

     Sex Male, Female 

     Age Years: <30, 30–39, 40–49, 50–59, 60+  

     German Citizenship Yes, No 

     Secondary education Less than university entrance qualification, Univer-

sity entrance qualification 

     Higher education Less than university degree, University degree 

Employment (source: IEB) 

     Employment contract  Full-time, Part-time 

     Daily earnings  Euros: <86, 86–131, 132+ 

     Occupation Production, Business/Administration, Other 

     Years working for current 

employer 

<5, 5–9, 10–19, 20+ 

Benefit receipt (source: IEB)  

     Benefits last 10 years Yes, No 

     Job seeking last 10 years Yes, No 

Geodata (source: CD/IEB)  

     Region North, West, South, East 

     Urbanicity <5,000, 5,000–19,999, 20,000–99,999, 100,000–

499,999, 500,000+ 
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These 13 administrative variables are chosen for several reasons. First, they are available 

for all sampled employees regardless of whether they have a known telephone number or 

participated in the LPP survey. Second, many of the selected variables are closely related 

to those collected in the LPP survey, thus, they serve as suitable proxies for nonresponse 

and coverage bias in the published LPP datasets (Ruf et al. 2022; Mackeben et al. 2023). 

To give some examples, the LPP employee survey includes questions related to de-

mographics (e.g., age, sex, education, German citizenship) and employment (e.g., occu-

pation, part time, income). In addition, some administrative variables are directly meas-

ured in the LPP employee survey (Ruf et al. 2022). These include, for instance, longitu-

dinal data on job seeking and benefit receipt. Third, the selected variables (e.g., age, sex, 

education, income, urbanicity) are commonly used in survey research to study coverage 

(Gordoni et al. 2011; Mohorko et al. 2013; Arcos et al. 2015; Lipps et al. 2015) and non-

response bias (Keeter et al. 2006; Kreuter et al. 2010; Lugtig et al. 2011; Peytchev et al. 

2011) in telephone surveys. The selected variables (e.g., sex, age, income, education, ur-

banicity) have also been used to study the effects of introducing web in traditional inter-

viewer-administered surveys (Bianchi et al. 2017; Lüdtke and Schupp 2017; McGonagle 

and Freedman 2017; Voorpostel et al. 2020). Lastly, we chose variables that are also used 

in substantive employment research (e.g., Hausner et al. 2015; Stüber 2022; Dietrich and 

Patzina 2023) to demonstrate potential biases relevant to labor market research. 

 

5.4 Methodology 

The research questions are addressed using the cross-sectional (i.e., refreshment) samples 

of the LPP employee survey in combination with the linked administrative data. To ad-

dress the first research question (coverage rates), we define the known telephone number 

coverage rate as the ratio of the number of employees with a known telephone number, 
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i.e., the covered units (𝑐), and the drawn sample (𝑛) in each wave. This is consistent with 

the definition of coverage used in official statistics (European Commission 2021):  

Known Telephone Number Coverage Rate =
𝑐 

𝑛
  (1) 

To address the second research question (coverage patterns), we fit a multilevel logistic 

regression (accounting for employees nested within establishments) to model the exist-

ence of a known telephone number (0 = no, 1 = yes) on employee characteristics from the 

administrative data. The regression model is fitted separately for each wave of the LPP 

employee survey and is specified as follows: 

           

    log (
pij

1-pij

) = α+ Zijγ+ μ
j
                    (2) 

 

where the probability of having a known telephone number for individual i (working in 

establishment j) is represented by p
ij
. The term α denotes the model intercept. A vector 

of coefficients corresponding to employee variables Zij is denoted by 𝛾. The normally 

distributed (mean 0 and variance σu
2) random effect is represented by the term 𝜇j. 

The third research question (coverage bias) is addressed using the first three waves of the 

LPP employee survey, before the introduction of the web mode. Coverage bias (CB) is 

estimated for every administrative variable category (excluding one category for binary 

variables) by calculating the difference between the proportion of a variable category (𝑘) 

based on the covered employees (𝑐) with known telephone number (𝑦ത𝑘,𝑐) and the corre-

sponding proportion based on the full sample (𝑦ത𝑘,𝑛): 

Coverage Bias (yത
𝑘
) = y̅

𝑘,c
−  y̅

𝑘,n
  (3) 

To simplify comparisons, we also report the absolute coverage bias (ACB): 

Absolute Coverage Bias (yത
𝑘
) = |yത

𝑘,c
−  yത

𝑘,n
|  (4) 
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As a summary measure, we further report the average absolute coverage bias (AACB) for 

each of the variable groups (demographics, employment, benefits, geodata) and overall. 

These estimates are generated by dividing the sum of the absolute coverage bias estimates 

by the total number of variable categories (𝐾):  

Average Absolute Coverage Bias =
∑ |yത

𝑘,c
−  yത

𝑘,n
|K

k=1

𝐾
 (5) 

The fourth research question (coverage, nonresponse, and total selection bias before in-

troducing the web mode) is addressed using the first three waves of the LPP employee 

survey. In addition to coverage bias, we also present estimates of nonresponse bias (NB) 

and total selection bias (TSB) for all variable categories. Nonresponse bias is calculated 

by taking the difference between the proportion of a variable category (𝑘) based on the 

respondents (𝑦ത𝑘,𝑟 ) and the corresponding proportion based on the fielded cases with 

known telephone number (𝑦ത𝑘,𝑐): 

Nonresponse Bias (yത
𝑘
) = y̅

𝑘,r
−  y̅

𝑘,c
  (6) 

The absolute nonresponse bias (ANB) is also reported as:   

Absolute Nonresponse Bias (yത
k
) = |yത

𝑘,r
−  yത

𝑘,c
| (7) 

We also generate the average absolute nonresponse bias (AANB) by dividing the sum of 

the ANB estimates by the total number of variable categories (𝐾):  

Average Absolute Nonresponse Bias =
∑ |𝑦ത𝑘,𝑟 −  𝑦ത𝑘,𝑐|𝐾

k=1

K
 (8) 

Total selection bias is estimated in similar fashion by calculating the difference between 

the proportion of a category (𝑘) based on the respondents (𝑦ത𝑘,𝑟) and the corresponding 

proportion based on the full sample (covered and noncovered cases) (𝑦ത𝑘,𝑛): 

Total Selection Bias (yത
k
) = y̅

𝑘,r
−  y̅

𝑘,n
  (9) 
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We note that the total selection bias is essentially the sum of the nonresponse and cover-

age bias estimates. Like the other biases, we also report the absolute total selection bias 

(ATSB): 

Absolute Total Selection Bias (yത
k
) = |yത

k,r
−  yത

𝑘,n
| (10) 

and the average absolute total selection bias (AATSB):  

Average Absolute Total Selection Bias =
∑ |𝑦ത𝑘,𝑟 −  𝑦ത𝑘,𝑛|K

k=1

K
 (11) 

For the fifth research question (coverage, nonresponse, and total selection bias after in-

troducing the web mode), the mode design experiments in waves 4 and 5 of the LPP 

employee survey are analyzed. Like the previous research question, we consider the same 

outcome rates and bias measures for coverage, nonresponse, and total selection to com-

pare the effects of each mode design. We also analyze the performance of the web starting 

mode (phase 1) relative to the full sequential web-to-telephone sequence (phases 1 and 2) 

in order to evaluate the before-and-after effects of implementing the telephone follow-

ups. For purposes of the analysis, we randomly allocate employees without a known tel-

ephone number (and who were assigned to the non-experimental single-mode web de-

sign) between the single-mode telephone and web-to-telephone mixed-mode groups. In 

the single-mode telephone group, we treat these cases as noncovered with no telephone 

interview attempted and ignore their web survey invitation, whereas in the web-to-tele-

phone mixed-mode group these cases are treated as covered by the web mode, which was 

the only feasible mode of interview. This modification allows us to mimic the real-world 

scenario in which employees without a known telephone number are part of the drawn 

sample, even if it is not possible for them to be recruited or participate in one or more of 

the offered modes.  
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The sixth research question investigates the potential cost impacts of introducing the web 

mode in the LPP survey. Since the exact survey expenses are unknown, we rely on hypo-

thetical, yet realistic, cost values provided by the survey institute. The costs for the web 

mode include sending the invitation (0.95 EUR) and reminder (0.80 EUR) letters (Ger-

man Post 2019) with an additional 0.05 Euro per letter to cover printing, envelope, and 

handling expenses. The telephone mode expenses encompass the invitation letter and in-

terviewer labor, which includes hourly gross earnings of 11.12 EUR (Indeed 2021) and 

incidental wage costs equivalent to 27% of the gross earnings (German Federal Office of 

Statistics 2020). This results in a total hourly labor cost of 14.12 EUR for a single tele-

phone interviewer. We assume that each telephone contact attempt, including actions 

such as dialing the telephone number and updating the status, has an average duration of 

one minute. To determine the cost of a completed telephone interview, we utilize the 

average interview duration (𝐼𝐷𝑤) for telephone interviews conducted in each refreshment 

sample (in minutes; wave 1: 30.3, wave 2: 39.2, wave 3: 39.3, wave 4: 50.3, wave 5: 

51.4). The estimated expenses for a completed telephone interview and a single telephone 

contact attempt are computed as follows: 

Cost of telephone interview = 14.12 •
𝐼𝐷𝑤

60
= €11.84 (12) 

Cost of telephone contact attempt = 14.12 •
1

60
= €0.24 (13) 

Although web and telephone surveys also involve fixed costs, such as questionnaire pro-

gramming, these costs have been omitted due to the absence of any realistic cost data. 

All analyses were conducted using Stata 16 (Stata Corp 2019). The LPP employee survey 

is based on a simple random sample and sampling probabilities are unavailable for the 

LPP employee parent surveys, the IAB-EP and the LPP employer survey. Thus, all anal-

yses are performed unweighted. As a robustness check, we controlled for establishment 



5 Going Online with a Telephone Employee Survey: Effects on Coverage, Nonresponse, and Total Selection Bias 

 

176 

size and industry as covariates in the multilevel models. The main conclusions did not 

change (see Table A2 of the appendix), supporting the robustness of the findings. 

 

5.5 Results 

5.5.1 RQ1: Known Telephone Number Coverage Rates 

Known telephone number coverage rates and overall response rates (Response Rate 1; 

AAPOR 2023) for waves 1 to 5 of the LPP employee survey are presented for all refresh-

ment samples in Table 2. Out of 43,616 employees sampled in wave 1, 30,659 (or 

70.29%) had a known telephone number. The coverage rate trended downward over time 

to 66.65% in wave 5, with the lowest coverage rate of 57.94% observed in wave 4. These 

coverage rates are significantly higher than the LPP response rates, which range from a 

high of 24.46% (wave 1) to a low of 12.10% (wave 3). The number of sampled employees 

with a known telephone number originating from the BA increased over the waves, from 

51.48% in wave 1 to 72.00% in wave 3, with additional rises in waves 4 (83.36%) and 

five (87.27%). The highest proportion of known telephone numbers originating from the 

BA observed in wave 5 is at least partially due to the impact of the COVID-19 crisis. This 

sample was drawn in 2020 at a time when many employees registered as job seekers at 

the BA and provided their telephone number. Conversely, we observe a declining pro-

portion of sampled employees with a known telephone number originating only from tel-

ephone number research conducted by the survey institute (infas), from 48.52% in wave 

1 to only 12.73% in wave 5. This can be attributed to the increasing amount of telephone 

number registrations at the BA over time, but also the decreasing amount of listed tele-

phone numbers in Germany (Häder and Sand 2019).  
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Table 2. Known Telephone Number Coverage and Overall Response Rates, by Wave 

 Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 

Sample size 43,616 38,191 31,374 24,840 24,416 

Known telephone 

number 

30,659 26,989 20,463 14,393 16,274 

Source: BA 15,783 (51.48%) 19,281 (71.44%) 14,733 (72.00%) 11,998 (83.36%) 14,203 (87.27%) 

Source: infas  14,876 (48.52%) 7,708 (28.56%) 5,730 (28.00%) 2,395 (16.64%) 2,071 (12.73%) 

Coverage Rate (%) 70.29 70.67 65.22 57.94 66.65 

No. Respondents 7,499 4,000 2,477 3,260 3,331 

Response Rate (%) 24.46 14.82 12.10 13.12 13.64 

Note: Response rate calculated using Response Rate 1 definition (AAPOR 2023). 

5.5.2 RQ2: Coverage Patterns 

The results of the multilevel logistic regression model on the existence of a known tele-

phone number (0 = no, 1 = yes), applied separately to each wave, are displayed in Table 

3. All predictors demonstrate statistically significant associations with known telephone 

number coverage in at least one wave, except for employment contract and secondary 

education. For instance, employee characteristics associated with not having a known 

telephone number in every wave include non-German citizenship, daily earnings of at 

least 132 Euros, not receiving benefits and not registering as a job seeker in the last 10 

years, living in a municipality with at least 20,000 residents, and having worked for their 

current employer at least 20 years. The negative associations with long-term employment, 

benefit receipt, and job seeking are likely driven by fewer interactions with the BA due 

to the lack of need to apply for unemployment or other benefit schemes. Other character-

istics have only statistically significant effects in some survey waves. For instance, fe-

males (waves 1 to 4), employees with university degree (waves 3 to 5), employees with 

daily earnings between 86 and 131 Euros (waves 1 to 3), and employees living in munic-

ipalities with 5,000 to 19,999 inhabitants (waves 1 to 3) are significantly less likely to 

have a known telephone number in these waves compared to their respective reference 

groups. A few characteristics flip their effects across time. For example, the youngest 

employees (under 30 years) are negatively associated with a known telephone number in 
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odd waves and positively associated in even waves. Similarly, living in the eastern region 

of Germany is negatively associated with a known telephone number in wave one but 

positively associated in waves three to five. The Intra-Class Correlation (ICC) from the 

empty model, which represents the proportion of the total variance in the outcome of 

having a known telephone number that is attributable to differences between employers, 

is relatively small across all waves (range: 0.029–0.056), suggesting that there is rela-

tively low variability between employers in terms of their impact on the presence of a 

known telephone number for their employees. 

Given that there are different ways in which a known telephone number can manifest in 

the LPP survey, as an aside, we fitted a multilevel multinomial regression model predict-

ing a known telephone number originating from the BA database or only from telephone 

number research carried out by the survey institute (infas) versus no known telephone 

number (Table A3: waves 1 to 3; Table A4: waves 4 to 5). The results point to some 

similarities and differences in known telephone number coverage patterns between both 

sources. For instance, younger employees are generally more likely to have a known tel-

ephone number originating from the BA database but are less likely to have a known 

number only from telephone research compared to the oldest age group. Non-German 

citizens are unlikely to have a known telephone number from either source. Earning the 

highest daily wage (at least 132 Euros) and working for their current employer at least 20 

years tends to have a negative effect on the presence of a known BA number in most 

waves, but a positive effect on having a known number from telephone research only. 

Having a full-time employment contract tends to be positively associated with a known 

BA number, but negatively associated with a known number from telephone research 

only. As expected, receiving income benefits or registering as a job seeker in the last 10 

years is positively associated with a known BA number, however, its effects on a known 
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number only from telephone research are mixed across the waves. Regarding urbanicity, 

the likelihood of having a known telephone number in either source decreases as popula-

tion size increases. These results suggest that acquiring known telephone numbers from 

different sources can result in different coverage patterns, reinforcing coverage (or the 

lack thereof) for some groups and, in some cases, offsetting diverging patterns for groups 

that are over- and under-represented in the different sources. 

To sum up this section, we find strong associations between employee characteristics and 

the presence of a known telephone number, indicating that certain employee groups were 

not fully covered in the LPP employee survey prior to the introduction of the web mode. 

In the next section, we analyze the magnitude of these coverage biases.  
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Table 3. Log-Odds Ratios of the Presence of a Known Telephone Number, by Wave 

 Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 
 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept 4.04(.10)*** 3.94(.10)*** 4.03(.11)*** 3.57(.14)*** 3.72(.12)*** 

Sex      

(Ref. Male)      

Female -0.25(.03)*** -0.31(.035)*** -0.22(0.04)*** -0.13(0.04)** -0.08(.05) 

Age      

(Ref. 60+)      

<30 -0.33(.07)*** 0.27(.07)*** -0.42(0.07)*** 0.58(0.09)*** -0.28(.08)*** 

30–39 -0.45(.05)*** -0.32(.05)*** -0.48(0.05)*** 0.09(0.07) -0.11(.06) 

40–49 -0.25(.05)*** -0.34(.05)*** -0.23(0.05)*** 0.03(0.06) 0.14(.06)* 

50–59 -0.09(.05) -0.12(.05)** -0.13(0.05)** -0.08(0.06) 0.00(.05) 

German citizenship      

(Ref. Yes)      

No -0.80(.05)*** -0.62(.05)*** -0.72(0.06)*** -0.78(0.07)*** -1.28(.06)*** 

Secondary education      

(Ref. Less than university entrance)     

University entrance 0.05(.04) 0.06(.04) 0.02(0.04) -0.03(0.05) 0.03(.05) 

Higher education      

(Ref. Less than university degree)     

University degree -0.05(.05) -0.07(.05) -0.12(0.05)* -0.29(0.06)*** -0.19(.06)** 

Employment contract      

(Ref. Part-time)      

Full-time -0.04(.04) -0.05(.05) -0.02(0.05) 0.10(0.07) 0.05(.06) 

Daily earnings      

(Ref. <86)      

86–131 -0.14(.04)*** -0.20(.04)*** -0.23(0.04)*** -0.02(0.07) -0.07(.05) 

132+ -0.19(.05)*** -0.25(.05)*** -0.37(0.05)*** -0.20(0.07)** -0.35(.06)*** 

Occupation      

(Ref. Production)      

Business/Administration 0.02(.04) 0.04(.04) -0.08(0.04)* -0.08(0.04) -0.14(.05)** 

Other -0.12(.03)*** -0.01(.04) -0.10(0.04)** 0.02(0.05) -0.10(.05)* 

Years working for current 

employer      
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(Ref. <5)      

5–9 0.02(.05) 0.11(.05)* 0.12(0.05)* 0.31(0.06)*** 0.26(.06)*** 

10–19 -0.08(.05) 0.02(.05) 0.08(0.05) 0.26(0.06)*** 0.47(.06)*** 

20+ -0.16(.05)** -0.27(.05)*** -0.51(0.05)*** -0.75(0.06)*** -0.68(.06)*** 

Benefits last 10 years      

(Ref. Yes)      

No -1.37(.06)*** -0.97(.07)*** -1.33(0.07)*** -0.87(0.10)*** -1.09(.08)*** 

Job seeking last 10 years      

(Ref. Yes)      

No -1.21(.04)*** -1.87(.05)*** -1.63(0.05)*** -2.54(0.07)*** -2.09(.06)*** 

Region      

(Ref. North)      

South -0.07(.06) 0.07(.06) 0.03(0.06) -0.11(0.08) -0.02(.08) 

West -0.05(.06) 0.14(.05)* 0.15(0.06)* -0.09(0.08) -0.01(.07) 

East -0.25(.06)*** 0.10(.06) 0.13(0.06)* 0.24(0.07)** 0.24(.07)** 

Urbanicity      

(Ref. <5,000)      

5,000–19,999 -0.20(.04)*** -0.21(.04)*** -0.18(0.04)*** -0.03(0.05) -0.10(.05) 

20,000–99,999 -0.43(.04)*** -0.46(.04)*** -0.53(0.05)*** -0.25(0.06)*** -0.26(.06)*** 

100,000–499,999 -0.75(.05)*** -0.74(.05)*** -0.69(0.06)*** -0.44(0.05)*** -0.37(.07)*** 

500,000+ -0.95(.06)*** -0.80(.06)*** -0.80(0.06)*** -0.46(0.07)*** -0.51(.07)*** 

N 43,616 38,191 31,374 24,840 24,416 

AIC 43416.34 37011.52 31937.84 24933.52 22965.59 

BIC 43650.79 37242.39 32163.4 25152.77 23184.37 

Wald-Test (𝑥2) 4343.95 4965.01 4394.76 4265.11 4002.30 

Wald-Test (p-value) <0.00 <0.00 <0.00 <0.00 <0.00 

Random intercept 

(establishment) 
.1950 .0988 .1095 .1688 .1702 

ICC (empty model) .0559 .0291 .0322 .0488 .0492 

Significance level: *** p < 0.001, ** p < 0.01, * p < 0.05 
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5.5.3 RQ3: Coverage Bias 

Table 4 (BA and infas columns) presents the aggregate summary measure of known tel-

ephone number coverage bias, i.e., the average absolute coverage bias (AACB), for the 

first three waves of the LPP employee survey which acquired known telephone numbers 

from both the BA database and external telephone research conducted by the survey in-

stitute (infas). Overall, across all administrative variables, the bias measures are relatively 

small across the waves with the AACB never exceeding 3% and with a slightly increasing 

trend over time. Larger average coverage biases are found for some variable groups. In 

particular, the benefits variable group stands out with AACB values ranging from 10.25–

13.58%. This large bias may be explained by the increasing reliance on BA sources for 

acquiring telephone numbers, as previously discussed. The average coverage biases for 

the other variable groups, including employment (AACB range: 2.28–3.11%), de-

mographics (AACB range: 0.90–1.25%), and geodata (AACB range: 1.28–1.49%) are 

relatively small in comparison and show a slightly increasing trend over time. 

Given that known telephone numbers originated from two different sources: past interac-

tions with the BA and additional telephone number research conducted by infas, as well 

as earlier analyses showing that coverage patterns are differentially affected by source 

(see Table A3: waves 1 to 3; Table A4: waves 4 and 5), as a side analysis we also present 

coverage bias estimates in Table 4 (BA only columns) assuming that only the BA data-

base was used to acquire known telephone numbers. Here, we indicate whether using 

telephone number research as a supplement to BA number research has a positive or neg-

ative effect on coverage bias. Across all waves, the overall AACB is larger when the 

sample exclusively relies on BA numbers (range: 6.16–8.30%), compared to a design 

incorporating both BA numbers and numbers from the external telephone research (range: 
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2.10–2.77%). Remarkably, the average coverage biases are consistently larger for all var-

iable categories in every wave when the sample solely relies on BA numbers, contrasting 

with a sample utilizing both BA numbers and externally acquired numbers. Thus, supple-

menting the BA numbers with external telephone research conducted by the survey insti-

tute leads to a reduction in aggregate coverage bias.  

Table 4. Average Absolute Coverage Bias (AACB) in Percent, by Variable Group and 

Overall 

Variable group 
Wave 1 Wave 2 Wave 3 

BA only BA & infas BA only BA & infas BA only BA & infas 

Demographics 4.26 0.90 3.72 1.25 3.25 1.22 

Employment 10.21 2.28 7.77 2.60 7.46 3.11 

Benefits 40.66 10.25 30.07 11.50 29.95 13.58 

Geodata 2.81 1.28 2.35 1.15 2.21 1.49 

Overall 8.30 2.10 6.46 2.36 6.16 2.77 

 

Estimates of raw and absolute coverage bias for each individual variable can be found in 

the appendix (Table A5) with the absolute values discussed here for some variables. Here, 

we report the results based on the combination of both telephone number data sources. 

The ACB estimates differ widely across variables, with the highest values for benefit 

receipt (wave 1: 9.37%, wave 2: 9.81%, wave 3: 11.69%) and having registered as a job 

seeker (wave 1: 11.13%, wave 2: 13.19%, wave 3: 15.46%) in the last 10 years. Catego-

ries for daily earnings (<86 Euros: wave 1: 5.02%, wave 2: 5.30%, wave 3: 6.42%; 132+ 

Euros: wave 1: 3.72%, wave 2: 4.11%, wave 3: 5.57%) and years working for current 

employer (<5 years: wave 1: 3.55%, wave 2: 4.35%, wave 3: 3.75%; 20+ years: wave 1: 

3.39%, wave 2: 5.02%, wave 3: 7.16%) show low-to-moderate coverage biases in all sur-

vey waves. In contrast, biases are relatively small for education and employment contract 

variables. ACB estimates increased for most variable categories with 19 out of 31 having 

higher ACB values in wave 3 than in the previous waves. Table A5 also presents coverage 
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biases under the assumption that the sample solely relies on sourcing BA telephone num-

bers. This hypothetical scenario shows a larger coverage bias for 24 (wave 1), 25 (wave 

2), and 21 (wave 3) out of 31 variable categories compared to the actual scenario of sourc-

ing numbers from both the BA database and external telephone number research. In sum-

mary, coverage biases are prevalent for many variable categories before the LPP em-

ployee survey introduced the web mode in wave 4. We also find that supplementing the 

BA database with external telephone number research generally reduces known telephone 

number coverage bias. 

5.5.4 RQ4: Coverage, Nonresponse, and Total Selection Bias 

Before Introducing the Web Mode 

Table 5 shows the average absolute coverage (taken from Table 4 to facilitate compari-

son), nonresponse, and total selection bias for each variable group and overall for the first 

three waves of the LPP employee survey. Overall, we can see that the AANB tends to be 

slightly higher than AACB for all waves, suggesting that nonresponse is the more domi-

nant source of selection bias, on average. Both average biases tend to increase over time. 

The pattern is largely consistent for each variable group, apart from the benefits variables. 

For this variable group, coverage is the dominant source of selection bias, exceeding av-

erage nonresponse bias by roughly two-fold. This finding is particularly noteworthy given 

that the known telephone number coverage rate is significantly higher than the LPP re-

sponse rate in each wave (see Table 2). Regarding average total selection bias, the 

AATSB values tend to lie between coverage and nonresponse bias, indicating potential 

offsetting of the two biases. Significant offsetting is apparent for some variable groups 

(e.g., employment, benefits), where the AATSB is lower than both the AACB and AANB.
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Table 5. Average Absolute Nonresponse (AANB), Coverage (AACB), and Total Selec-

tion Bias (AATSB), by Variable Group and Overall 

Variable 

group 

Wave 1 Wave 2 Wave 3 

AACB 

(%) 

AANB 

(%) 

AATSB 

(%) 

AACB 

(%) 

AANB 

(%) 

AATSB 

(%) 

AACB 

(%) 

AANB 

(%) 

AATSB 

(%) 

Demographics 0.90 2.86 2.35 1.25 3.53 2.88 1.22 4.65 3.81 

Employment 2.28 2.72 1.67 2.60 3.00 1.74 3.11 3.84 1.89 

Benefits 10.25 6.38 3.88 11.50 5.43 6.08 13.58 7.84 5.74 

Geodata 1.28 1.28 2.13 1.15 0.95 1.84 1.49 1.09 2.21 

Overall 2.10 2.58 2.14 2.36 2.72 2.38 2.77 3.54 2.79 

 

Taking a closer look at the individual coverage and nonresponse bias estimates, shown in 

Table A6, we can see that nearly all variables are jointly affected by both coverage and 

nonresponse bias to some extent. Some variables with the largest absolute nonresponse 

biases also tend to have the largest absolute coverage biases (as reported earlier), includ-

ing benefit receipt in the last 10 years (ANB; wave 1: 6.67%, wave 2: 5.92%, wave 3: 

8.31%), registered as job seeker in the last 10 years (ANB; wave 1: 6.08%, wave 2: 

4.93%, wave 3: 7.37%), and the variable categories daily earnings (<86 Euros: ANB; 

wave 1: 6.80%, wave 2: 5.79%, wave 3: 7.30%; >132 Euros: ANB; wave 1: 7.02%, wave 

2: 7.18%, wave 3: 8.50%), and years working for current employer (20+ years: ANB; 

wave 1: 3.89%, wave 2: 5.39%, wave 3: 6.29%). Some demographics variables tend to 

have larger absolute nonresponse bias relative to coverage bias, including secondary ed-

ucation (ANB; wave 1: 4.89%, wave 2: 5.92%, wave 3: 7.79%), higher education (ANB; 

wave 1: 3.88%, wave 2: 5.25%, wave 3: 7.28%), and age categories (30–39 years: ANB; 

wave 1: 4.49%, wave 2: 5.09%, wave 3: 5.93%; 50–59 years: ANB; wave 1: 5.59%, wave 

2: 7.37%, wave 3: 9.73%). Other variables are mainly unaffected by coverage and nonre-

sponse bias (e.g., sex, employment contract).  

Absolute nonresponse bias has a larger effect on selection bias than absolute coverage 

bias for most variable categories: 17 (wave 1), 20 (wave 2), and 19 (wave 3) out of 31 
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total variable categories. The direction of the raw nonresponse and coverage biases differ 

for most variable categories (wave 1: 20, wave 2: 22, wave 3: 19 out of 31), pointing to 

an offsetting effect of both biases. In some cases, the offsetting effect is dramatic. For 

example, the variable category daily earnings (<86 Euros) has absolute coverage and non-

response biases that exceed 5% in every wave, but the absolute total selection bias never 

exceeds 2%. Similarly, the absolute total selection bias for years working for current em-

ployer (20+ years) never exceeds 1% even though the absolute coverage and nonresponse 

biases exceed 5% in most waves. For the benefits group variables, which exhibited the 

largest coverage biases, the offsetting effects are significant. For example, the absolute 

total selection bias for the variable category benefit receipt in the last 10 years, which has 

absolute coverage biases up to around 12%, is below 4% in all waves. Registering as a 

job seeker in the last 10 years, which has absolute coverage biases up to 15%, yields an 

absolute total selection bias up to around 8%—a significant reduction but still a rather 

large selection bias. In contrast, nonresponse and coverage bias reinforce each other for 

the remaining number of variable categories (wave 1: 11, wave 2: 9, wave 3: 12 out of 

31). However, these variables generally have relatively small absolute total selection bi-

ases, never exceeding 5%.  

In summary, nonresponse and coverage biases tend to offset each other for many variable 

categories, sometimes rather significantly, yielding a significant reduction in the total se-

lection bias. The next question is to what extent introducing the web mode affects these 

selection patterns. 

5.5.5 RQ5: Coverage, Nonresponse, and Total Selection Bias 

After Introducing the Web Mode 

In this section, we evaluate the impacts of introducing the web mode on coverage, non-

response, and total selection bias relative to the single-mode telephone design in the LPP 
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employee survey. Here, we exploit the mode design experiment that was conducted in the 

refreshment samples of waves 4 and 5. We remind the reader that for this analysis we 

randomly allocated all sampled employees with unknown telephone number who re-

ceived the single-mode web design between the single-mode telephone and web-to-tele-

phone mixed-mode design groups. For the single-mode telephone design, we assume 

these cases are not covered and ignore their web recruitment. For the web-to-telephone 

design, we treat them as covered for the web mode only with no possibility of a telephone 

interview in the follow-up phase of the sequential mixed-mode design.  

Table 6 displays the coverage and response rates for waves 4 and 5, respectively, for the 

telephone single-mode design and the sequential web-to-telephone mixed design (phases 

1 and 2). The outcome rates of the web starting mode (phase 1) are also reported. The 

web starting mode (wave 4: 12.10%, wave 5: 11.84%) and full web-to-telephone se-

quence (wave 4: 13.95%, wave 5: 14.40%) both exhibit higher response rates than the 

telephone single-mode design (wave 4: 5.87% and wave 5: 7.96%), suggesting that intro-

ducing the web mode and eliminating known telephone number noncoverage does not 

adversely affect the response rate and increases it significantly.  
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Table 6. Known Telephone Number Coverage Rates and Response Rates, by Mode De-

sign and Wave 

 Wave 4 Wave 5 

Single-Mode Mixed-Mode Single-Mode Mixed-Mode 

Tel. Web Starting 

Mode 

Web-Tel. Tel. Web 

Starting 

Mode 

Web-Tel. 

Sample size 12,420 12,420 12,420 12,209 12,207 12,207 

Known telephone 

number 

7,197 7,196 7,196 8,138 8,136 8,136 

Source: BA 6,019 
 (83.63%) 

5,963  
(82.87%) 

5,963 

(82.87%) 

7,103 
(87.28%) 

7,094 
(87.19%) 

7,094 
(87.19%) 

Source: infas  1,178 
 (16.37%) 

1,233 
(17,13%) 

1,233 
(17,13%) 

1,035 
(12.72%) 

1,042 
(12.81%) 

1,042 
(12.81%) 

Coverage Rate (%) 57.95 100.00 100.00 68.14 100.00 100.00 

No. Respondents 423 1,503 1,732 617 1,445 1,758 

Response Rate (%) 5.87 12.10 13.95 7.96 11.84 14.40 

Note: Response rate calculated using Response Rate 1 definition (AAPOR 2023). 

The average absolute coverage, nonresponse, and total selection bias estimates are pre-

sented in Tables 7 (wave 4) and 8 (wave 5). A key question is whether there is a trade-off 

between eliminating known telephone number coverage bias and potentially increasing 

nonresponse bias when introducing the web starting mode as part of a sequential web-to-

telephone design. When looking at the performance of the web starting mode (AATSB; 

wave 4: 5.09%, wave 5: 5.80%) and the full web-to-telephone sequence (AATSB; wave 

4: 4.10%, wave 5: 4.95%) in both waves, we can see that the overall average selection 

bias is larger than for the telephone single-mode design (AATSB; wave 4: 3.57%, wave 

5: 3.71%), suggesting that the elimination of coverage bias indeed leads to greater total 

selection bias, on average, which is driven by larger nonresponse bias in the mixed-mode 

design and partial offsetting of coverage and nonresponse biases in the single-mode tele-

phone design.  

There is some variation in the results across the variable groups and waves. For instance, 

the benefits variable group exhibits contrasting effects whereby the AATSB is smaller 



5 Going Online with a Telephone Employee Survey: Effects on Coverage, Nonresponse, and Total Selection Bias 

 

189 

under the sequential web-to-telephone mixed-mode design in wave 4 (7.03%) but larger 

in wave 5 (10.23%) relative to their corresponding single-mode telephone designs (wave 

4: 11.54%, wave 5: 5.45%). This is mainly driven by the job seeker variable. In wave 4, 

the category of not registering as a job seeker in the last 10 years has a large negative 

coverage bias (-19.39%) and a relatively small positive nonresponse bias (3.13%) under 

the single-mode telephone design, resulting in a partially offset selection bias of -16.26%, 

which is significantly larger than the total selection bias (due to nonresponse only) under 

the web-to-telephone design (7.23%). In wave 5, the amount of offsetting under the sin-

gle-mode telephone is greater for this variable, which has a large negative coverage bias 

(-16.24%) countered by a relatively large positive nonresponse bias (8.31%), resulting in 

a total selection bias of -7.93% compared to 10.04% in the web-to-telephone design. 

Thus, the performance of the web-to-telephone design relative to the single-mode tele-

phone design is considerably impacted by the amount of offsetting between coverage and 

nonresponse bias in the latter design. Other variable groups exhibit more modest variation 

between waves. For the demographics group, the AATSB is slightly larger under the web-

to-telephone design (5.96%) in wave 4 but slightly smaller in wave 5 (5.77%) compared 

to their respective single-mode telephone designs (wave 4: 3.93%, wave 5: 6.48%). The 

employment variable group consistently has larger AATSB in the web-to-telephone de-

sign (wave 4: 4.34%, wave 5: 6.47%) relative to the single-mode telephone design (wave 

4: 3.01%, wave 5: 2.98%), whereas the geodata group always has smaller AATSB in the 

sequential mixed-mode design (wave 4: 1.31%, wave 5: 1.10%) compared to the single-

mode design (wave 4: 2.12%, wave 5: 1.43%). For all variable groups and waves, the 

average total selection bias for the full web-to-telephone design is always smaller than 

that of the web starting mode, which speaks to the benefit of using telephone as a follow-

up mode to web. 
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Table 7. Average Absolute Nonresponse Bias (AANB), Coverage (AACB), and Selection 

Bias (AATSB) in percentages, by Variable Group and Overall, Wave 4 

Variable group 

Single-Mode Mixed-Mode 

Telephone Web Starting Mode Web-Telephone 

AAC

B 

(%) 

AAN

B (%) 

AATS

B (%) 

AAC

B (%) 

AAN

B (%) 

AATS

B (%) 

AAC

B (%) 

AAN

B (%) 

AATS

B (%) 

Demographics 2.59 5.02 3.93 0.00 6.61 6.61 0.00 5.96 5.96 

Employment 4.52 3.09 3.01 0.00 5.72 5.72 0.00 4.34 4.34 

Benefits 15.97 4.43 11.54 0.00 10.76 10.76 0.00 7.03 7.03 

Geodata 1.66 1.56 2.12 0.00 1.53 1.53 0.00 1.31 1.31 

Overall 3.87 3.29 3.57 0.00 5.09 5.09 0.00 4.10 4.10 

 

Table 8. Average Absolute Nonresponse Bias (AANB), Coverage (AACB), and Selection 

Bias (AATSB) in percentages, by Variable Group and Overall, Wave 5 

Variable group 

Single-Mode Mixed-Mode 

Telephone Web Starting Mode Web-Telephone 

AAC

B 

(%) 

AAN

B (%) 

AATS

B (%) 

AACB 

(%) 

AAN

B (%) 

AATS

B (%) 

AACB 

(%) 

AAN

B (%) 

AATS

B (%) 

Demographics 1.57 7.47 6.48 0.00 6.08 6.08 0.00 5.77 5.77 

Employment 3.15 5.21 2.98 0.00 7.67 7.67 0.00 6.47 6.47 

Benefits 14.28 8.82 5.45 0.00 13.83 13.83 0.00 10.23 10.23 

Geodata 1.09 1.36 1.43 0.00 1.44 1.44 0.00 1.10 1.10 

Overall 2.81 4.98 3.71 0.00 5.80 5.80 0.00 4.95 4.95 

 

The individual bias estimates for each of the 31 variable categories are shown in Tables 

A7 (wave 4) and A8 (wave 5) of the appendix. The results generally coincide with the 

patterns discussed above. The single-mode telephone design produces smaller nonre-

sponse biases for most variable categories (19 in wave 4, 20 in wave 5) compared to the 

web-to-telephone mixed-mode design. Implementing the telephone follow-up mode re-

duces nonresponse bias relative to the web starting mode for most variable categories (26 

in wave 4, 21 in wave 5). In the telephone single-mode design, there is a significant 

amount of offsetting between coverage and nonresponse bias that affects most variable 

categories (21 in wave 4, 23 in wave 5), which lessens the magnitude of total selection 

bias. Coupled with the tendency of larger nonresponse biases in the mixed-mode design, 
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the result is smaller total selection bias in the telephone design for most variable catego-

ries (19 in wave 4; 22 in wave 5).  

In summary, we show that introducing a sequential web-to-telephone design, while elim-

inating known telephone number coverage bias, does not necessarily lead to smaller total 

selection bias compared to a single-mode telephone design for most variables due to the 

diverging effects of coverage and nonresponse bias between the two mode designs.  

5.5.6 RQ6: Cost Analysis 

Table 9 presents the results of the cost analysis for each survey wave and mode design. 

Total costs were €208,973.75 in wave 1, €150,194.68 in wave 2, and €85,013.73 in wave 

3, with corresponding average per-interview costs of €27.87, €37.55, and €34.32. In 

waves 4 and 5, the cost per telephone interview was notably higher at €52.48 and €54.25, 

respectively, when compared to waves 1 to 3, mainly due to the extended interview du-

ration. However, introducing the web-to-telephone mixed-mode design in waves 4 and 5 

effectively reduced the cost per interview (wave 4: €21.92, wave 5: €25.58) by around 

50%, demonstrating its cost-effectiveness in comparison to the traditional telephone sin-

gle-mode design in both waves.  
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Table 9. Cost Analysis, by Wave and Mode Design (in Euros) 

 

Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 

Telephone Telephone Telephone Telephone Web Start-

ing Mode 

Web-Tel. Telephone Web Start-

ing Mode 

Web-Tel. 

Invitation letters (in €) 30,659 26,989 20,463 7,197 12,420 12,420 8,138 12,207 12,207 

Reminder letters (in €) N/A N/A N/A N/A 4,071.75 14,071.75 N/A 12,971 12,971 

Tel. interviews (in €) 53,295.39 36,900 22,909.77 5,007.16 N/A 2,710.73 7,465.7 N/A 3,787.3 

Tel. contact attempts (in €)  125,019.36 86,305.68 41,640.96 9,996.02 N/A 8,771.11 17,868.24 N/A 14,243.52 

Total costs (in €) 208,973.75 150,194.68 85,013.73 22,200.18 26,491.75 37,973.59 33,471.94 25,178.00 43,208.82 

Interviews (N) 7,499 4,000 2,477 423 1,503 1,732 617 1,445 1,758 

Avg. tel. int. duration (in min) 30.3 39.2 39.3 50.3 -- 50.3 51.4 -- 51.4 

Avg. cost per interview (in €) 27.87 37.55 34.32 52.48 17.62 21.92 54.25 17.42 25.58 
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5.6 Discussion 

The present study investigated the impact of replacing a single-mode telephone design 

with a sequential web-to-telephone mixed-mode design on survey costs and errors 

(namely, known telephone number coverage, nonresponse, and total selection bias) in the 

refreshment samples of waves 4 and 5 of a German employee panel (i.e., the LPP). The 

study unfolded in three phases. First, we examined trends and patterns in known telephone 

number coverage across the first five waves of the LPP employee survey spanning eight 

years (2013 to 2021). Subsequently, we explored known telephone number coverage bias, 

nonresponse bias, and total selection bias during the exclusive telephone survey waves 

(waves 1 to 3). Finally, we analyzed mode design experiments in waves 4 and 5 to under-

stand the impact of introducing a sequential web-to-telephone mixed-mode design as a 

replacement to the standard single-mode telephone design on total selection bias (cover-

age and nonresponse) and survey costs.  

The key findings can be summarized as follows. First, the proportion of sampled employ-

ees who could be merged to a known telephone number generally declined over the 

waves, with an increasing share of merged telephone numbers originating from adminis-

trative records from the German Federal Employment Agency (BA) and a decreasing 

share that could only be merged through telephone number research conducted by the 

survey institute (infas), which is in line with the existing literature on the declining 

amount of publicly listed telephone numbers (Tucker et al. 2002; Häder and Sand 2019; 

Werbewoche 2021). Second, we found that some employee characteristics were signifi-

cantly related to the lack of a known telephone number, including non-German citizen-

ship, high income earners, inhabitants of larger populated cities, those who have had sta-

ble employment with their current employer, and who haven’t registered for benefits or 

as a job seeker in the last 10 years. These subgroups appear to be the most difficult to 
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merge to a known telephone number, given their fewer interactions with the federal em-

ployment system. Third, known telephone number coverage biases were prevalent but 

relatively small, on average, with a slightly increasing trend prior to the introduction of 

the web-to-telephone design. Benefit receipt and registering as a job seeker exhibited the 

largest absolute coverage biases, with relatively smaller biases for employment, de-

mographics, and geodata characteristics. There was evidence that sourcing telephone 

numbers from both the BA database and external telephone number research conducted 

by infas produced less known telephone number coverage bias compared to using only 

the BA database. Fourth, nonresponse bias tended to be the dominant source of total se-

lection bias, on average, apart from the aforementioned benefit receipt and job seeker 

variables where coverage bias was the dominant error source. The average total selection 

bias tended to lie between average nonresponse and coverage bias, which pointed to off-

setting of the two error sources for most variables. Offsetting was significant for some 

variable groups (e.g., employment, benefits), where the average total selection bias was 

smaller than the average of both of its error components. Fifth, we showed that the web 

starting mode and the full sequential web-to-telephone mixed-mode design yielded higher 

response rates compared to the standard LPP single-mode telephone design. This finding 

stands in contradiction to previous research which showed that telephone produces higher 

response rates than web designs (Laaksonen and Heiskanen 2014; Lee et al. 2019; 

Gundersen et al. 2021). The contradictory findings may be explained by the fact that pre-

vious studies used more general populations, while this study sampled employees, who 

are more likely to have internet access compared to the general population (German Fed-

eral Office of Statistics 2021). However, despite increasing response rates and eliminating 

known telephone number coverage bias, the web-to-telephone design resulted in larger 

total selection bias, on average, compared to the single-mode telephone design. This 

counterintuitive result was driven by larger (average) nonresponse bias in the mixed-
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mode design and partial offsetting of coverage and nonresponse biases in the single-mode 

telephone design. Lastly, we found evidence of significant cost savings under the web-

to-telephone design, which effectively reduced the cost-per-interview by around 50% 

compared to the standard telephone-only design. These results are in line with previous 

research, which showed that a web single-mode (Lipps and Pekari 2016; Lee et al. 2019; 

Soullier et al. 2023) and a sequential web-telephone mixed-mode design (Soullier et al. 

2023) produce lower costs than a telephone single-mode design. 

Our research has identified significant challenges in telephone surveys that rely on merg-

ing telephone numbers to register-based samples regarding the potential noncoverage 

(bias) that can arise due to unknown telephone numbers. These challenges persist even 

when supplementing commercial telephone research with administrative records from of-

ficial sources, as our research showed. This underscores the trend of introducing online 

data collection in telephone surveys as part of a mixed-mode design to eliminate this form 

of noncoverage while also reducing costs. However, we note the potential for other error 

trade-offs when introducing web in a telephone survey. As we showed, introducing the 

web-to-telephone design increased average nonresponse bias to a level that exceeded the 

average total selection bias in the single-mode telephone design. It is interesting to know 

that this effect was exacerbated by the partial offsetting of coverage and nonresponse 

biases which occurred for most estimates in the telephone-only design. Thus, eliminating 

one source of error may have the unintended effect of increasing another. This suggests 

that survey practitioners must carefully weigh the trade-off between costs and multiple 

sources of error, as well as their unintended consequences, to determine the most effective 

mode design for their specific study.  
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While our research provides important insights, it is necessary to acknowledge certain 

limitations that may affect the generalizability and interpretation of the findings. For in-

stance, our study employs a sampling frame comprising current addresses (rarely older 

than one year), with telephone numbers that often predate the addresses. Moreover, the 

LPP employee survey is in a unique position, benefiting from access to telephone num-

bers provided by the German Federal Employment Agency in addition to commercial 

telephone research conducted by the survey institute. The generalizability of our findings 

beyond this survey may be limited. In addition, the study focused on the subpopulation 

of employees based in Germany. The identified challenges and findings may vary across 

other populations and geographical areas. Moreover, the results are not universally appli-

cable to all employees in Germany, as some sectors, such as the public sector and all 

establishments with fewer than 50 socially insured employees, were excluded from the 

target population. In addition, we cannot identify whether employees with a known BA 

telephone number also have a known number from external research conducted by infas. 

Furthermore, in cases where infas found a telephone number for employees who also had 

a known BA number, we lack information on which number (or both) was utilized during 

the field period.  

Looking ahead to future research, our study points to further avenues of exploration in 

several key areas. First, there is a need to investigate the applicability and effectiveness 

of sequential web-to-telephone mixed-mode designs in diverse survey contexts and pop-

ulations. Second, it is crucial to explore innovative strategies aimed at addressing the 

challenges identified in telephone surveys, including how telephone numbers are sourced 

and the implications of mixing different sources. Although we showed that using multiple 

sources reduces known telephone number coverage bias, this finding may not be univer-
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sally applicable in all surveys. Furthermore, future research should delve into the impli-

cations of introducing web modes on measurement quality and response patterns in 

mixed-mode telephone surveys. Analyzing potential mode effects and assessing the com-

parability of results across telephone and web modes would contribute to a more nuanced 

understanding of the strengths and limitations inherent in each approach. In addition, it 

would enable the analysis of a more complete set of error sources, contributing to a deeper 

understanding of their individual and joint effects and potential trade-offs from a Total 

Survey Error perspective.  
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Appendix 

Table A1. Variable Distributions in Percentages, by Wave 

Administrative Variables 
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 

Sam Cov Sam Cov Sam Cov Sam Cov Sam Cov 

Sex           

Female 28.74 28.32 29.72 29.24 29.94 29.56 24.12 25.03 29.01 29.06 

Male 71.26 71.68 70.28 70.76 70.06 70.44 75.88 74.97 70.99 70.94 

Age           

<30 11.26 12.76 11.60 14.12 9.73 11.22 10.10 13.66 11.97 12.96 

30–39 19.63 20.19 20.51 22.16 21.94 23.85 24.92 30.10 24.50 27.10 

40–49 30.34 29.00 27.30 25.23 24.71 23.86 24.99 23.80 22.59 22.93 

50–59 31.32 30.56 31.25 29.53 31.78 29.87 32.08 25.63 28.69 25.99 

60+ 7.45 7.50 9.35 8.97 11.83 11.20 7.91 6.81 12.25 11.02 

German Citizenship           

Yes 94.18 95.47 93.52 94.38 92.68 93.54 92.40 92.78 88.39 90.45 

No 5.82 4.53 6.48 5.62 7.32 6.46 7.60 7.22 11.61 9.55 

Secondary Education           

Less than university entrance 72.66 73.67 71.66 72.34 68.81 70.28 64.41 65.89 66.20 67.53 

University entrance 27.34 26.33 28.34 27.66 31.19 29.72 35.59 34.11 33.80 32.47 

Higher education           

Less than university degree 84.64 85.77 84.48 85.35 82.38 83.90 75.02 77.72 81.64 83.53 

University degree 15.36 14.23 15.52 14.65 17.62 16.10 24.98 22.28 18.36 16.47 

Employment contract           

Full-time 85.60 85.25 86.60 86.19 86.30 85.77 89.30 88.92 83.81 82.70 

Part-time 14.40 14.75 13.40 13.81 13.70 14.23 10.70 11.08 16.19 17.30 

Daily earnings           

<86 38.00 43.02 35.01 40.31 37.78 44.20 17.70 23.21 32.40 37.40 

86–131 36.67 35.37 37.03 35.86 33.99 33.13 20.74 23.54 31.84 33.38 

132+ 25.34 21.62 27.95 23.84 28.24 22.67 61.56 53.25 35.77 29.22 

Years employer           
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<5 19.94 23.49 22.42 26.77 18.51 22.26 19.34 25.64 29.69 34.00 

5–9 23.22 26.00 22.51 25.52 22.80 27.04 21.72 28.36 24.64 28.14 

10–19 32.55 29.61 30.00 27.65 31.39 30.55 25.27 26.23 24.00 24.55 

20+ 24.29 20.90 25.08 20.06 27.31 20.15 33.67 19.76 21.67 13.32 

Occupation           

Production 45.56 46.33 43.69 43.94 43.80 44.53 52.48 52.05 40.73 41.39 

Business/Administration 25.06 24.06 26.67 25.25 26.56 24.14 24.38 22.05 24.72 22.68 

Other 29.38 29.61 29.64 30.82 29.64 31.32 23.14 25.91 34.55 35.93 

Benefits last 10 years           

No 72.48 63.11 72.04 62.23 74.39 62.70 81.22 68.83 71.84 59.81 

Yes 27.52 36.89 27.96 37.77 25.61 37.30 18.78 31.17 28.16 40.19 

Job seeking last 10 years           

No 60.98 49.85 59.21 46.02 60.73 45.27 69.03 49.75 58.61 42.40 

Yes 39.02 50.15 40.79 53.98 39.27 54.73 30.97 50.25 41.39 57.60 

Region           

North 15.90 16.66 14.90 15.05 16.09 15.83 36.89 34.48 24.19 24.12 

West 33.14 31.56 35.04 33.26 27.03 25.61 15.15 15.37 26.99 26.36 

South 25.47 24.92 25.54 25.02 30.63 29.59 32.14 30.37 23.74 21.21 

East 25.48 26.86 24.53 26.67 26.24 28.97 15.82 19.78 25.09 28.31 

Urbanicity           

<5,000 16.58 18.21 15.89 17.11 15.37 17.10 15.65 15.58 16.52 17.12 

5,000–19,999 33.65 35.65 32.92 34.56 33.11 35.36 31.88 33.66 31.73 32.57 

20,000–99,999 25.76 25.75 26.38 25.91 26.50 25.61 20.08 21.03 24.77 24.73 

100,000–499,999 12.75 11.00 14.16 12.69 13.14 11.50 22.70 19.86 13.50 12.57 

500,000+ 11.26 9.39 10.66 9.73 11.88 10.43 9.68 9.87 13.48 13.01 

N 43,616 30,659 38,191 26,989 31,374 20,463 24,840 14,393 24,416 16,274 

Notes: Sam = Sample, Cov = Covered. 
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Table A2. Log-Odds Ratios of the Presence of a Known Telephone Number after Controlling for Establishment Size and Sector, by Wave  

 Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 

 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept 4.16(.10)*** 3.94(.10)*** 3.94(.10)*** 3.51(.13)*** 3.79(.11)*** 

Sex      

(Ref. Male)      

Female -0.25(.03)*** -0.32(.03)*** -0.24(.04)*** -0.14(.04)** -0.10(.04)* 

Age      

(Ref. 60+)      

<30 -0.44(.06)*** 0.28(.07)*** -0.37(.07)*** 0.62(.08)*** -0.26(.07)*** 

30–39 -0.54(.05)*** -0.30(.05)*** -0.43(.05)*** 0.13(.07) -0.09(.06) 

40–49 -0.30(.05)*** -0.33(.05)*** -0.20(.05)*** 0.06(.06) 0.16(.06)** 

50–59 -0.13(.05)** -0.12(.04)** -0.12(.04)** -0.07(.06) 0.01(.05) 

German citizenship      

(Ref. Yes)      

No -0.86(.05)*** -0.64(.05)*** -0.71(.06)*** -0.80(.07)*** -1.32(.06)*** 

Secondary education      

(Ref. Less than 

 university entrance)     

University entrance 0.04(.04) 0.06(.04) -0.01(.04) -0.05(.05) 0.03(.05) 

Higher education      

(Ref. Less than  

university degree) 

    

  University degree -0.11(.05)* -0.09(.05) -0.09(.05) -0.26(.06)*** -0.19(.06)*** 

Employment contract      

(Ref. Part-time)      

Full-time -0.02(.04) -0.05(.05) -0.01(.05) 0.09(.06) -0.00(.05) 

Daily earnings      

(Ref. <86)      

86–131 -0.17(.03)*** -0.23(.04)*** -0.23(.04)*** -0.04(.06) -0.08(.05) 

132+ -0.33(.04)*** -0.29(.05)*** -0.38(.04)*** -0.18(.07)** -0.36(.05)*** 

Occupation      

(Ref. Production)      

Business/Administration 0.04(.03) 0.05(.04) -0.07(.04) -0.08(.04) -0.12(.05)** 

Other -0.18(.03)*** -0.01(.04) -0.08(.04)* 0.03(.04) -0.10(.04)* 

Years working for current 

employer      
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(Ref. <5)      

5–9 0.03(.04) 0.09(.05)* 0.13(.05)** 0.32(.06)*** 0.27(.05)*** 

10–19 -0.10(.04)** 0.01(.04) 0.09(.05) 0.28(.06)*** 0.44(.05)*** 

20+ -0.28(.05)*** -0.25(.05)*** -0.46(.05)*** -0.72(.06)*** -0.64(.06)*** 

Benefits last 10 years      

(Ref. Yes)      

No -1.32(.06)*** -0.99(.07)*** -1.34(.07)*** -0.86(.10)*** -1.13(.08)*** 

Job seeking last 10 years      

(Ref. Yes)      

No -1.21(.04)*** -1.86(.05)*** -1.65(.04)*** -2.51(.07)*** -2.09(.06)*** 

Region      

(Ref. North)      

South -0.12(.04)** 0.07(.04) 0.12(.04)** -0.07(.04) -0.05(.05) 

West -0.13(.04)*** 0.10(.04)* 0.18(.04)*** -0.12(.05)* -0.04(.05) 

East -0.33(.04)*** 0.06(.05) 0.16(.05)*** 0.25(.06)*** 0.15(.05)** 

Urbanicity      

(Ref. <5,000)      

5,000–19,999 -0.18(.04)*** -0.20(.04)*** -0.18(.04)*** -0.03(.05) -0.08(.05) 

20,000–99,999 -0.42(.04)*** -0.46(.04)*** -0.53(.05)*** -0.27(.05)*** -0.27(.05)*** 

100,000–499,999 -0.83(.05)*** -0.80(.05)*** -0.78(.05)*** -0.42(.05)*** -0.44(.06)*** 

500,000+ -1.06(.05)*** -0.86(.05)*** -0.89(.06)*** -0.49(.07)*** -0.52(.06)*** 

N 41,901 38,191 31,374 24,840 24,416 

AIC 42717.18 37163.81 32073.4 24986.61 23168.05 

BIC 42950.54 37394.67 32307.3 25205.85 23386.83 

Wald-Test (𝑥2) 5006.74 5353.88 4778.87 4469.25 4413.67 

Wald-Test (p-value) <0.00 <0.00 <0.00 <0.00 <0.00 

Random intercept 

(establishment) 
.0114 .0058 .0052 .0172 .0161 

ICC (empty model) .0061 .0018 .0025 .0052 .0049 

Significance level: *** 0.001; ** 0.01; * 0.05 

Note: The results are obtained from fitting multilevel logistic regressions accounting for nesting of employees within establishments controlling for establishment-level varia-

bles (establishment size and sector). SE = standard error, ICC = intraclass correlation.  
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Table A3. Multinomial Log-Odds Ratios of the Presence of a Known Telephone Number Originating from the BA or infas vs. No Known Telephone Number 

(waves 1 to 3) 

 Wave 1 Wave 2 Wave 3 
 BA-Number infas-Number BA-Number infas-Number BA-Number infas-Number 

 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept 3.67(.13)*** 2.04(.11)*** 4.26(.15)*** 0.05(.17) 3.60(.14)*** -0.42(.16)** 

Sex       

(Ref. Male)       

Female -0.16(.05)*** -0.27(.04)*** -0.25(.05)*** -0.39(.04)*** -0.09(.05) -0.28(.05)*** 

Age       

(Ref. 60+)       

<30 0.26(.09)** -0.91(.07)*** 1.06(.10)*** -0.77(.10)*** -0.06(.11) -0.90(.10)*** 

30–39 0.04(.08) -0.74(.06)*** 0.39(.08)*** -1.06(.07)*** 0.02(.08) -1.27(.08)*** 

40–49 -0.02(.07) -0.33(.05)*** 0.05(.07) -0.58(.05)*** 0.22(.07)** -0.58(.06)*** 

50–59 0.07(.07) -0.16(.05)*** 0.08(.07) -0.22(.05)*** 0.01(.06) -0.24(.05)*** 

German citizenship       

(Ref. Yes)       

No -0.59(.07)*** -0.95(.07)*** -0.57(.09)*** -0.81(.07)*** -0.60(.10)*** -0.86(.10)*** 

Secondary education       

(Ref. Less than  

university entrance) 

 

 

 

 

 

University entrance 0.15(.06)** -0.02(.04) 0.15(.06)** 0.00(.05) 0.57(.06) -0.07(.05) 

Higher education       

(Ref. Less than  

university degree) 

 

 

 

 

 

University degree -0.08(.06) -0.00(.05) -0.08(.06) -0.08(.05) -0.13(.06) .0.04(.07) 

Employment contract       

(Ref. Part-time)       

Full-time 0.03(.06) -0.06(.05) 0.21(.07)** -0.30(.06)*** 0.13(.07) -0.18(.07)* 

Daily earnings       

(Ref. <86)       

86–131 -0.30(.05)*** -0.09(.04)* -0.35(.06)*** -0.00(.05) -0.26(.05)*** -0.11(.05)* 

132+ -0.75(.07)*** -0.06(.05) -0.91(.07)*** 0.16(.06)** -0.80(.07)*** 0.01(.06) 

Occupation       

(Ref. Production)       

Business/Administration -0.11(.05)* 0.05(.04) -0.06(.05) 0.08(.04) -0.14(.05)** -0.02(.05) 

Other -0.17(.05)** -0.15(.03)*** 0.03(.05) -0.07(.04) -0.09(.05) -0.15(.05)** 
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Years working for current 

employer  

 

 

 

 

 

(Ref. <5)       

5–9 -0.02(.06) 0.15(.05)** 0.16(.07)* 0.20(.07)** 0.16(.07)* 0.18(.09)* 

10–19 -0.30(.06)*** 0.14(.05)** -0.09(.06) 0.24(.06)*** 0.12(.07) 0.27(.08)*** 

20+ -1.53(.09)*** 0.24(.06)*** -1.73(.08)*** 0.45(.07)*** -1.94(.08)*** 0.46(.08)*** 

Benefits last 10 years       

(Ref. Yes)       

No -1.50(.07)*** -0.66(.07)*** -1.24(.10)*** 0.41(.14)** -1.23(.08)*** 0.60(.13)*** 

Job seeking last 10 years       

(Ref. Yes)       

No -2.42(.06)*** -0.18(.05)*** -3.08(.07)*** 0.08(.08) -2.45(.06)*** 0.13(.07) 

Region       

(Ref. North)       

South -0.04(.09) -0.09(.07) -0.07(.09) 0.20(.07)** -0.09(.08) 0.24(.08)** 

West -0.19(.08)* -0.02(.06) -0.07(.08) 0.28(.07)*** 0.03(.08) 0.32(.08)*** 

East 0.18(.08)* -0.50(.07)*** 0.52(.09)*** -0.28(.08)*** 0.48(.08)*** -0.30(.09)*** 

Urbanicity       

(Ref. <5,000)       

5,000–19,999 -0.14(.05)** -0.23(.04)*** -0.16(.06)** -0.22(.05)*** -0.12(.06) -0.24(.05)*** 

20,000–99,999 -0.30(.06)*** -0.50(.05)*** -0.26(.06)*** -0.61(.05)*** -0.32(.06)*** -0.72(.06)*** 

100,000–499,999 -0.52(.07)*** -0.92(.06)*** -0.53(.08)*** -0.97(.06)*** -0.32(.08)*** -1.09(.07)*** 

500,000+ -0.74(.08)*** -1.15(.07)*** -0.50(.08)*** -1.16(.07)*** -0.49(.09)*** -1.24(.07)*** 

N 43,616 

65827.33 

66296.22 

9109.07 

0.000 

38,191 

48823.01 

49284.73 

7943.71 

0.000 

31,374 

42674.87 

43125.97 

9513.26 

0.000 

AIC 

BIC 

Wald-Test (𝑥2) 

Wald-Test (p-value) 

ICC (empty model) 0.05 0.01 0.02 

Significance level: *** 0.001; ** 0.01; * 0.05 

Note: The results are obtained from fitting multinomial regressions accounting for nesting of employees within establishments. Controlled for Establishment number. SE = 

standard error, ICC = intraclass correlation.  
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Table A4. Multinomial Log-Odds Ratios of the Presence of a Known Telephone Number Originating from the BA or infas vs. No Known Telephone Number 

(waves 4 to 5) 

 Wave 4 Wave 5 
 BA-Number infas-Number BA-Number infas-Number 

 Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

Intercept 3.14(.15)*** -1.06(.34)** 3.36(.12)*** -1.42(.24)*** 

Sex     

(Ref. Male)     

Female -0.33(.06) -0.27(.06)*** -0.31(.05) -0.12(.07) 

Age     

(Ref. 60+)     

<30 1.16(.16)*** -0.62(.12)*** -0.07(.10) -0.58(.12)*** 

30–39 0.68(.11)*** -1.19(.09)*** 0.21(.09)* -1.09(.11)*** 

40–49 0.61(.10)*** -0.64(.06)*** 0.52(.08)*** -0.74(.09)*** 

50–59 0.07(.08) -0.20(.06)*** 0.12(.08) -0.21(.07)** 

German citizenship     

(Ref. Yes)     

No -0.86(.10)*** -0.70(.11)*** -1.29(.09)*** -1.49(.15)*** 

Secondary education     

(Ref. Less than  

university entrance) 

 

 

 

University entrance -0.03(.10) -0.14(.08) 0.03(.06) -0.03(.08) 

Higher education     

(Ref. Less than  

university degree) 

 

 

 

University degree -0.35(.18) -0.09(.09) -0.22(.06)** -0.01(.09) 

Employment contract     

(Ref. Part-time)     

Full-time 0.20(.07)** -0.20(.07)** 0.15(.07)* -0.21(.08) 

Daily earnings     

(Ref. <86)     

86–131 0.05(.08) -0.04(.10) -0.05(.07) 0.05(.09) 

132+ -0.19(.15) 0.14(.10) -0.55(.08)*** 0.24(.09)* 

Occupation     

(Ref. Production)     
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Business/Administration -0.17(.05)** 0.03(.05) -0.15(.06)** -0.16(.07)* 

Other 0.06(.07) -0.11(.05)* -0.11(.06) -0.21(.07)** 

Years working for current 

employer  

 

 

 

(Ref. <5)     

5–9 0.37(.08)*** 0.29(.13)* 0.30(.07)*** 0.27(.11)* 

10–19 0.35(.10)*** 0.27(.09)** 0.54(.09)*** 0.44(.11)*** 

20+ -1.58(.12)*** 0.52(.09)*** -1.31(.09)*** 0.52(.11)*** 

Benefits last 10 years     

(Ref. Yes)     

No -0.68(.13)*** -0.22(.42) -1.01(.10)*** 0.47(.24) 

Job seeking last 10 years     

(Ref. Yes)     

No -3.12(.12)*** 0.38(.18)* -2.40(.08)*** 0.10(.14) 

Region     

(Ref. North)     

South -0.21(.03)*** 0.30(.09)** -0.07(.09) 0.43(.09)*** 

West -0.30(.08)*** 0.24(.09)*** -0.13(.08) 0.39(.10)*** 

East 0.43(.11)*** -0.47(.12)*** 0.38(.08)*** -0.26(.11)** 

Urbanicity     

(Ref. <5,000)     

5,000–19,999 0.06(.11) -0.12(.11) -0.07(.06) -0.10(.06) 

20,000–99,999 -0.06(15) -0.58(.15)*** -0.09(.06) -0.63(0.8)*** 

100,000–499,999 -0.12(.11) -0.94(.13)*** -0.11(.07) -1.14(.10)*** 

500,000+ -0.29(.09)** -0.87(.16)*** -0.29(.09)** -1.24(.12)*** 

N 24,840 

31377.01 

31815.50 

13635.70 

0.000 

24,416 

29842.40 

30279.96 

5068.75 

0.000 

AIC 

BIC 

Wald-Test (𝑥2) 

Wald-Test (p-value) 

ICC (empty model) 0.00 0.02 

Significance level: *** 0.001; ** 0.01; * 0.05  

Note: The results are obtained from fitting multinomial regressions accounting for nesting of employees within establishments. Controlled for Establishment number. SE = 

standard error, ICC = intraclass correlation. 

 



5 Going Online with a Telephone Employee Survey: Effects on Coverage, Nonresponse, and Total Selection Bias 

 

206 

Table A5. Estimates of Coverage Bias (CB), Absolute Coverage Bias (ACB) for Each Variable Category and Different Telephone Number 

Sources (wave 1 to 3) 

Administrative 

variables 

Wave 1 Wave 2 Wave 3 

BA only BA & infas BA only BA & infas BA only BA & infas 

CB 

(%) 

ACB 

(%) 

CB 

(%) 

ACB 

(%) 

CB 

(%) 

ACB 

(%) 

CB 

(%) 

ACB 

(%) 

CB 

(%) 

ACB 

(%) 

CB 

(%) 

ACB 

(%) 

Sex             

Female 1.93 1.93 -0.42  0.42 1.53 1.53 -0.48 0.48 1.23 1.23 -0.38 0.38 

Age             

<30 8.90 8.90 1.50 1.50 7.30 7.30 2.52 2.52 4.38 4.38 1.49 1.49 

30–39 8.39 8.39 0.56 0.56 7.96 7.96 1.65 1.65 8.39 8.39 1.91 1.91 

40–49 -5.52 5.52 -1.34 1.34 -3.73 3.73 -2.07 2.07 -0.53 0.53 -0.85 0.85 

50–59 -9.32 9.32 -0.76 0.76 -8.45 8.45 -1.72 1.72 -8.21 8.21 -1.91 1.91 

60+ -2.45 2.45 0.05 0.05 -3.10 3.10 -0.38 0.38 -4.02 4.02 -0.63 0.63 

German citizenship              

No -0.03 0.03 -1.29 1.29 0.16 0.16 -0.86 0.86 0.37 0.37 -0.86 0.86 

Secondary education              

University entrance  -0.17 0.17 -1.01 1.01 0.23 0.23 -0.68 0.68 -0.44 0.44 -1.47 1.47 

Higher education             

University degree  -1.67 1.67 -1.13 1.13 -1.00 1.00 -0.87 0.87 -1.67 1.67 -1.52 1.52 

Employment contract              

Full-time -1.43 1.43 -0.35 0.35 -1.07 1.07 -0.41 0.41 -1.12 1.12 -0.53 0.53 

Daily earnings              

<86 20.61 20.61 5.02 5.02 14.91 14.91 5.30 5.30 14.14 14.14 6.42 6.42 

86–131 -5.98 5.98 -1.30 1.30 -1.96 1.96 -1.17 1.17 -1.06 1.06 -0.86 0.86 

132+ -14.64 14.64 -3.72 3.72 -12.94 12.94 -4.11 4.11 -13.09 13.09 -5.57 5.57 

Occupation              

Production -0.28 0.28 0.77 0.77 -1.09 1.09 0.25 0.25 -0.39 0.39 0.73 0.73 



5 Going Online with a Telephone Employee Survey: Effects on Coverage, Nonresponse, and Total Selection Bias 

 

207 

Business/Administration -4.74 4.74 -1.00 1.00 -3.60 3.60 -1.42 1.42 -4.80 4.80 -2.42 2.42 

Other 5.02 5.02 0.23 0.23 4.69 4.69 1.18 1.18 5.19 5.19 1.68 1.68 

Years working for employer              

<5 17.23 17.23 3.55 3.55 13.68 13.68 4.35 4.35 10.15 10.15 3.75 3.75 

5–10 12.59 12.59 2.78 2.78 8.94 8.94 3.01 3.01 10.96 10.96 4.24 4.24 

10–19 -10.41 10.41 -2.94 2.94 -4.24 4.24 -2.35 2.35 -0.49 0.49 -0.84 0.84 

20+ -19.40 19.40 -3.39 3.39 -18.38 18.38 -5.02 5.02 -20.64 20.64 -7.16 7.16 

Benefits last 10 years              

No -37.11 37.11 -9.37 9.37 -25.78 25.78 -9.81 9.81 -25.78 25.78 -11.69 11.69 

Job seeking last 10 years              

No -44.20 44.20 -11.13 11.13 -34.36 34.36 -13.19 13.19 -34.11 34.11 -15.46 15.46 

Region              

North 0.97 0.97 0.76 0.76 1.44 1.44 0.15 0.15 0.61 0.61 -0.26 0.26 

West -7.26 7.26 -1.58 1.58 -5.98 5.98 -1.78 1.78 -3.98 3.98 -1.42 1.42 

South -4.19 4.19 -0.55 0.55 -3.35 3.35 -0.52 0.52 -4.84 4.84 -1.04 1.04 

East 10.48 10.48 1.38 1.38 7.88 7.88 2.14 2.14 8.21 8.21 2.73 2.73 

Urbanicity              

<5,000 -0.54 0.54 1.63 1.63 -0.59 0.59 1.22 1.22 0.23 0.23 1.73 1.73 

5,000–19,000 0.34 0.34 2.00 2.00 0.24 0.24 1.64 1.64 0.50 0.50 2.25 2.25 

20,000–99,000 -0.19 0.19 -0.01 0.01 -0.01 0.01 -0.47 0.47 -0.33 0.33 -0.89 0.89 

100,000–499,000 -0.45 0.45 -1.75 1.75 -0.67 0.67 -1.47 1.47 -0.80 0.80 -1.64 1.64 

500,000+ 0.84 0.84 -1.87 1.87 1.03 1.03 -0.93 0.93 0.41 0.41 -1.45 1.45 
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Table A6. Estimates of Coverage Bias (CB), Nonresponse Bias (NB) and Total Selection Bias (TSB) for Each Variable Category (wave 1 to 3) 

Administrative Varia-

bles 

Wave 1 Wave 2 Wave 3 

Sam Cov Res CB NB TSB Sam Cov Res CB NB TSB Sam Cov Res CB NB TSB 

Sex                   

Female 28.74 28.32 27.76 -0.42 -0.56 -0.98 29.72 29.24 29.95 -0.48 0.71 0.23 29.94 29.56 30.08 -0.38 0.52 0.14 

Age                  

<30 11.26 12.76 9.88 1.50 -2.88 -1.38 11.60 14.12 10.57 2.52 -3.55 -1.00 9.73 11.22 7.95 1.49 -3.27 -1.80 

30–39 19.63 20.19 15.70 0.56 -4.49 -3.93 20.51 22.16 17.07 1.65 -5.09 -3.40 21.94 23.85 17.92 1.91 -5.93 -4.00 

40–49 30.34 29.00 30.39 -1.34 1.39 0.05 27.30 25.23 25.48 -2.07 0.25 -1.80 24.71 23.86 21.52 -0.85 -2.34 -3.20 

50–59 31.32 30.56 36.15 -0.76 5.59 4.83 31.25 29.53 36.90 -1.72 7.37 5.65 31.78 29.87 39.60 -1.91 9.73 7.82 

60+ 7.45 7.50 7.88 0.05 0.38 0.43 9.35 8.97 9.97 -0.38 1.00 0.62 11.83 11.20 13.00 -0.63 1.80 1.17 

German citizenship                

No 5.82 4.53 2.88 -1.29 -1.65 -2.94 6.48 5.62 2.98 -0.86 -2.64 -3.50 7.32 6.46 3.27 -0.86 -3.19 -4.10 

Secondary education                

University entrance 27.34 26.33 31.22 -1.01 4.89 3.88 28.34 27.66 33.58 -0.68 5.92 5.24 31.19 29.72 37.51 -1.47 7.79 6.32 

Higher education                 

University degree 15.36 14.23 18.11 -1.13 3.88 2.75 15.52 14.65 19.90 -0.87 5.25 4.38 17.62 16.10 23.38 -1.52 7.28 5.76 

Employment contract              

Full-time 85.60 85.25 85.54 -0.35 0.29 -0.06 86.60 86.19 85.45 -0.41 -0.74 -1.10 86.30 85.77 85.39 -0.53 -0.38 -0.90 

Daily earnings               

<86 38.00 43.02 36.22 5.02 -6.80 -1.78 35.01 40.31 34.52 5.30 -5.79 -0.50 37.78 44.20 36.90 6.42 -7.30 -0.90 

86–131 36.67 35.37 35.14 -1.30 -0.23 -1.53 37.03 35.86 34.45 -1.17 -1.41 -2.60 33.99 33.13 31.93 -0.86 -1.20 -2.10 

132+ 25.34 21.62 28.64 -3.72 7.02 3.30 27.95 23.84 31.02 -4.11 7.18 3.07 28.24 22.67 31.17 -5.57 8.50 2.93 

Occupation                  

Production 45.56 46.33 46.51 0.77 0.18 0.95 43.69 43.94 43.33 0.25 -0.61 -0.40 43.80 44.53 45.98 0.73 1.45 2.18 

Business/ Administra-

tion 
25.06 24.06 27.39 -1.00 3.33 2.33 26.67 25.25 28.82 -1.42 3.57 2.15 26.56 24.14 28.83 -2.42 4.69 2.27 

Other 29.38 29.61 26.10 0.23 -3.51 -3.28 29.64 30.82 27.85 1.18 -2.97 -1.80 29.64 31.32 25.19 1.68 -6.13 -4.50 

Years working for employer              

<5 19.94 23.49 20.15 3.55 -3.34 0.21 22.42 26.77 23.80 4.35 -2.97 1.38 18.51 22.26 18.77 3.75 -3.49 0.26 

5–9 23.22 26.00 25.07 2.78 -0.93 1.85 22.51 25.52 24.52 3.01 -1.00 2.01 22.80 27.04 25.07 4.24 -1.97 2.27 

10–19 32.55 29.61 29.99 -2.94 0.38 -2.56 30.00 27.65 26.23 -2.35 -1.42 -3.80 31.39 30.55 29.71 -0.84 -0.84 -1.70 

20+ 24.29 20.90 24.79 -3.39 3.89 0.50 25.08 20.06 25.45 -5.02 5.39 0.37 27.31 20.15 26.44 -7.16 6.29 -0.90 
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Benefits last 10 years              

No 72.48 63.11 69.78 -9.39 6.67 -2.70 72.04 62.23 68.15 -9.81 5.92 -3.90 74.39 62.70 71.01 -11.69 8.31 -3.40 

Job seeking last 10 years              

No 60.98 49.85 55.93 -11.13 6.08 -5.05 59.21 46.02 50.95 -13.19 4.93 -8.30 60.73 45.27 52.64 -15.46 7.37 -8.10 

Region                 

North 15.90 16.66 15.96 0.76 -0.70 0.06 14.90 15.05 13.38 0.15 -1.67 -1.50 16.09 15.83 14.98 -0.26 -0.85 -1.10 

West 33.14 31.56 31.22 -1.58 -0.34 -1.92 35.04 33.26 33.63 -1.78 0.37 -1.40 27.03 25.61 25.43 -1.42 -0.18 -1.60 

South 25.47 24.92 26.66 -0.55 1.74 1.19 25.54 25.02 25.60 -0.52 0.58 0.06 30.63 29.59 31.25 -1.04 1.66 0.62 

East 25.48 26.86 26.16 1.38 -0.70 0.68 24.53 26.67 27.40 2.14 0.73 2.87 26.24 28.97 28.34 2.73 -0.63 2.10 

Urbanicity                 

<5,000 16.58 18.21 20.50 1.63 2.29 3.92 15.89 17.11 19.73 1.22 2.62 3.84 15.37 17.10 18.41 1.73 1.31 3.04 

5,000–19,999 33.65 35.65 37.40 2.00 1.75 3.75 32.92 34.56 34.42 1.64 -0.14 1.50 33.11 35.36 37.30 2.25 1.94 4.19 

20,000–99,999 25.76 25.75 24.14 -0.01 -1.61 -1.62 26.38 25.91 25.25 -0.47 -0.66 -1.10 26.50 25.61 23.62 -0.89 -1.99 -2.90 

100,000–499,999 12.75 11.00 10.05 -1.75 -0.95 -2.70 14.16 12.69 11.75 -1.47 -0.94 -2.40 13.14 11.50 10.78 -1.64 -0.72 -2.40 

500,000+ 11.26 9.39 7.91 -1.87 -1.48 -3.35 10.66 9.73 8.85 -0.93 -0.88 -1.80 11.88 10.43 9.89 -1.45 -0.54 -2.00 

N 43,616 30,659 7,499    38,191 26,989 4,000    31,374 20,463 2,477    

Note: Sam = Sample, Cov = Covered, Res = Respondents, CB = Coverage Bias, NB = Nonresponse Bias, TSB = Total Selection Bias.  
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Table A7. Estimates of Coverage Bias (CB), Nonresponse Bias (NB) and Total Selection Bias (TSB) for Each Variable Category and Survey De-

sign (telephone single-mode vs. web starting mode and web-telephone mixed-mode design, wave 4) 

Administrative Variables 
Telephone single-mode Web starting mode Web-telephone mixed-mode design 

Sam Cov Res CB NB TSB Sam Cov Res CB NB TSB Sam Cov Res CB NB TSB 

Sex                   

Female 24.04 25.02 26.48 0.98 1.46 2.44 24.20 24.20 21.56 0 -2.64 -2.64 24.20 24.20 23.15 0 -1.05 -1.05 

Age                  

<30 10.23 13.84 7.33 3.61 -6.51 -2.90 9.98 9.98 6.85 0 -3.13 -3.13 9.98 9.98 6.93 0 -3.05 -3.05 

30–39 24.94 30.23 29.08 5.29 -1.15 4.14 24.90 24.90 21.42 0 -3.48 -3.48 24.90 24.90 21.88 0 -3.02 -3.02 

40–49 24.80 23.57 21.28 -1.23 -2.29 -3.52 25.19 25.19 22.95 0 -2.24 -2.24 25.19 25.19 22.92 0 -2.27 -2.27 

50–59 32.15 25.76 34.28 -6.39 8.52 2.13 32.00 32.00 39.59 0 7.59 7.59 32.00 32.00 38.80 0 6.80 6.80 

60+ 7.89 6.60 8.04 -1.29 1.44 0.15 7.93 7.93 9.18 0 1.25 1.25 7.93 7.93 9.47 0 1.54 1.54 

German citizenship                

No 7.41 7.00 4.49 -0.41 -2.51 -2.92 7.79 7.79 3.13 0 -4.66 -4.66 7.79 7.79 3.35 0 -4.44 -4.44 

Secondary education                

University entrance  35.81 34.38 45.15 -1.43 10.77 9.34 35.37 35.37 53.29 0 17.92 17.92 35.37 35.37 51.62 0 16.30 16.25 

Higher education                  

University degree  25.27 22.61 33.10 -2.66 10.49 7.83 24.69 24.69 41.25 0 16.56 16.56 24.69 24.69 39.95 0 15.26 15.26 

Employment contract                

Full-time 89.32 89.04 86.05 -0.28 -2.99 -3.27 89.28 89.28 92.02 0 2.74 2.74 89.28 89.28 91.11 0 1.83 1.83 

Daily earnings                 

<86 17.71 23.26 20.09 5.55 -3.17 2.38 17.70 17.70 8.05 0 -9.65 -9.65 17.70 17.70 10.05 0 -7.65 -7.65 

86–131 20.80 23.65 21.75 2.85 -1.90 0.95 20.68 20.68 17.30 0 -3.38 -3.38 20.68 20.68 18.07 0 -2.61 -2.61 

132+ 61.50 53.09 58.16 -8.41 5.07 -3.34 61.62 61.62 74.65 0 13.03 13.03 61.62 61.62 71.88 0 10.26 10.26 

Occupation                  

Production 52.48 52.12 49.17 -0.36 -2.95 -3.31 52.48 52.48 49.17 0 -3.31 -3.31 52.48 52.48 49.02 0 -3.46 -3.46 

Business/ Administration 24.24 21.98 25.77 -2.26 3.79 1.53 24.53 24.53 33.47 0 8.94 8.94 24.53 24.53 32.22 0 7.69 7.69 

Other 23.29 25.90 25.06 2.61 -0.84 1.77 22.99 22.99 17.37 0 -5.62 -5.62 22.99 22.99 18.76 0 -4.23 -4.23 

Years working for employer               

<5 19.64 25.97 25.53 6.33 -0.44 5.89 19.04 19.04 13.31 0 -5.73 -5.73 19.04 19.04 14.15 0 -4.89 -4.89 

5–9 21.47 27.80 23.88 6.33 -3.92 2.41 21.98 21.98 19.56 0 -2.42 -2.42 21.98 21.98 21.88 0 -0.10 -0.10 

10–19 25.56 26.62 24.35 1.06 -2.27 -1.21 24.98 24.98 27.61 0 2.63 2.63 24.98 24.98 26.50 0 1.52 1.52 

20+ 33.33 19.61 26.24 -13.72 6.63 -7.09 34.00 34.00 39.52 0 5.52 5.52 34.00 34.00 37.47 0 3.47 3.47 
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Benefits last 10 years               

No 81.04 68.50 74.23 -12.54 5.73 -6.81 81.40 81.40 91.28 0 9.88 9.88 81.40 81.40 88.22 0 6.82 6.82 

Job seeking last 10 years               

No 68.74 49.35 52.48 -19.39 3.13 -16.26 69.33 69.33 80.97 0 11.64 11.64 69.33 69.33 76.56 0 7.23 7.23 

Region                  

North 36.47 33.99 31.21 -2.48 -2.78 -5.26 37.31 37.31 36.39 0 -0.92 -0.92 37.31 37.31 35.62 0 -1.69 -1.69 

West 15.36 15.44 17.97 0.08 2.53 2.61 14.94 14.94 13.31 0 -1.63 -1.63 14.94 14.94 13.80 0 -1.14 -1.14 

South 31.92 30.12 32.15 -1.80 2.03 0.23 32.35 32.35 35.60 0 3.25 3.25 32.35 32.35 34.82 0 2.47 2.47 

East 16.24 20.45 18.68 4.21 -1.77 2.44 15.39 15.39 14.70 0 -0.69 -0.69 15.39 15.39 15.76 0 0.37 0.37 

Urbanicity                  

<5,000 15.70 15.85 17.26 0.15 1.41 1.56 15.60 15.60 14.84 0 -0.76 -0.76 15.60 15.6 15.07 0 -0.53 -0.53 

5,000–19,999 31.80 33.46 34.52 1.66 1.06 2.72 31.97 31.97 31.80 0 -0.17 -0.17 31.97 31.97 32.39 0 0.42 0.42 

20,000–99,999 20.59 21.80 20.57 1.21 -1.23 -0.02 19.58 19.58 19.83 0 0.25 0.25 19.58 19.58 19.75 0 0.17 0.17 

100,000–499,999 22.52 19.31 18.68 -3.21 -0.63 -3.84 22.88 22.88 26.28 0 3.40 3.40 22.88 22.88 25.35 0 2.47 2.47 

500,000+ 9.40 9.57 8.98 0.17 -0.59 -0.42 9.96 9.96 7.25 0 -2.71 -2.71 9.96 9.96 7.45 0 -2.51 -2.51 

N 12,420 7,197 423    12,420 12,420 1,503    12,420 12,420 1,732    

Note: Sam = Sample, Cov = Covered, Res = Respondents, CB = Coverage Bias, NB = Nonresponse Bias, TSB = Total Selection Bias. 
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Table A8. Estimates of Coverage Bias (CB), Nonresponse Bias (NB) and Total Selection Bias for Each Variable Category and Survey Design 

(telephone single-mode vs. web starting mode and web-telephone mixed-mode design, wave 5) 

Administrative Variables 
Telephone single-mode Web starting mode Web-telephone mixed-mode design 

Sam Cov Res CB NB TSB Sam Cov Res CB NB TSB Sam Cov Res CB NB TSB 

Sex                   

Female 28.94 28.64 30.96 -0.30 2.32 2.02 29.09 29.09 31.14 0 2.05 2.05 29.09 29.09 30.89 0 1.80 1.80 

Age                  

<30 12.11 13.17 8.59 1.06 -4.58 -3.52 11.83 11.83 7.27 0 -4.56 -4.56 11.83 11.83 7.45 0 -4.38 -4.38 

30–39 24.63 27.37 20.42 2.74 -6.95 -4.21 24.36 24.36 22.35 0 -2.01 -2.01 24.36 24.36 21.73 0 -2.63 -2.63 

40–49 22.79 23.02 23.34 0.23 0.32 0.55 22.38 22.38 22.42 0 0.04 0.04 22.38 22.38 22.30 0 -0.08 -0.08 

50–59 28.28 25.61 35.66 -2.67 10.05 7.38 29.11 29.11 34.67 0 5.56 5.56 29.11 29.11 35.32 0 6.21 6.21 

60+ 12.18 10.84 11.99 -1.34 1.15 -0.19 12.32 12.32 13.29 0 0.97 0.97 12.32 12.32 13.20 0 0.88 0.88 

German citizenship                

No 11.61 9.45 1.94 -2.16 -7.51 -9.67 11.62 11.62 4.15 0 -7.47 -7.47 11.62 11.62 3.75 0 -7.87 -7.87 

Secondary education                

University entrance  33.43 31.90 50.89 -1.53 18.99 17.46 34.16 34.16 52.32 0 18.16 18.16 34.16 34.16 50.11 0 15.95 15.95 

Higher education                 

University degree  18.16 16.10 31.44 -2.06 15.34 13.28 18.55 18.55 32.46 0 13.91 13.91 18.55 18.55 30.72 0 12.17 12.17 

Employment contract               

Full-time 83.99 83.15 82.98 -0.84 -0.17 -1.01 83.62 83.62 85.54 0 1.92 1.92 83.62 83.62 85.44 0 1.82 1.82 

Daily earnings                 

<86 32.87 37.91 28.69 5.04 -9.22 -4.18 31.92 31.92 17.51 0 -14.41 -14.41 31.92 31.92 19.40 0 -12.52 -12.52 

86–131 31.53 33.13 31.44 1.60 -1.69 -0.09 32.15 32.15 28.17 0 -3.98 -3.98 32.15 32.15 29.47 0 -2.68 -2.68 

132+ 35.60 28.96 39.87 -6.64 10.91 4.27 35.93 35.93 54.33 0 18.40 18.40 35.93 35.93 51.14 0 15.21 15.21 

Occupation                  

Production 39.92 40.70 37.12 0.78 -3.58 -2.80 41.53 41.53 37.77 0 -3.74 -3.74 41.53 41.53 37.77 0 -3.76 -3.76 

Business/ Administration 25.03 23.03 32.41 -2.00 9.38 7.38 24.41 24.41 34.67 0 10.26 10.26 24.41 24.41 33.16 0 8.75 8.75 

Other 35.05 36.27 30.47 1.22 -5.80 -4.58 34.05 34.05 27.54 0 -6.51 -6.51 34.05 34.05 29.07 0 -4.98 -4.98 

Years working for employer               

<5 29.68 34.05 27.07 4.37 -6.98 -2.61 29.69 29.69 19.38 0 -10.31 -10.31 29.69 29.69 21.22 0 -8.47 -8.47 

5–9 24.52 28.04 26.74 3.52 -1.30 2.22 24.76 24.76 22.49 0 -2.27 -2.27 24.76 24.76 22.53 0 -2.23 -2.23 

10–19 24.05 24.44 26.09 0.39 1.65 2.04 23.95 23.95 28.72 0 4.77 4.77 23.95 23.95 28.27 0 4.32 4.32 

20+ 21.75 13.47 20.10 -8.28 6.63 -1.65 21.59 21.59 29.41 0 7.82 7.82 21.59 21.59 27.99 0 6.40 6.40 
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Benefits last 10 years               

No 71.38 59.07 68.40 -12.31 9.33 -2.98 72.30 72.30 85.40 0 13.10 13.10 72.30 72.30 82.71 0 10.41 10.41 

Job seeking last 10 years               

No 58.50 42.26 50.57 -16.24 8.31 -7.93 58.73 58.73 73.29 0 14.56 14.56 58.73 58.73 68.77 0 10.04 10.04 

Region                  

North 23.96 23.83 24.96 -0.13 1.13 1.00 24.42 24.42 22.42 0 -2.00 -2.00 24.42 24.42 21.96 0 -2.46 -2.46 

West 26.93 26.33 30.15 -0.60 3.82 3.22 27.04 27.04 27.13 0 0.09 0.09 27.04 27.04 27.36 0 0.32 0.32 

South 23.97 21.31 20.26 -2.66 -1.05 -3.71 23.51 23.51 28.65 0 5.14 5.14 23.51 23.51 27.47 0 3.96 3.96 

East 25.15 28.53 24.64 3.38 -3.89 -0.51 25.03 25.03 21.80 0 -3.23 -3.23 25.03 25.03 23.21 0 -1.82 -1.82 

Urbanicity                  

<5,000 16.40 16.97 17.67 0.57 0.70 1.27 16.64 16.64 15.85 0 -0.79 -0.79 16.64 16.64 16.55 0 -0.09 -0.09 

5,000–19,999 31.80 32.53 32.74 0.73 0.21 0.94 31.67 31.67 31.56 0 -0.11 -0.11 31.67 31.67 32.08 0 0.41 0.41 

20,000–99,999 25.04 25.25 24.15 0.21 -1.10 -0.89 24.49 24.49 24.15 0 -0.34 -0.34 24.49 24.49 24.18 0 -0.31 -0.31 

100,000–499,999 13.56 12.55 12.80 -1.01 0.25 -0.76 13.43 13.43 14.26 0 0.83 0.83 13.43 13.43 13.71 0 0.28 0.28 

500,000+ 13.20 12.71 12.64 -0.49 -0.07 -0.56 13.76 13.76 14.19 0 0.43 0.43 13.76 13.76 13.48 0 -0.28 -0.28 

N 12,209 8,138 617    12,207 12,207 1,445    12,207 12,207 1,758    

Note: Sam = Sample, Cov = Covered, Res = Respondents, CB = Coverage Bias, NB = Nonresponse Bias, TSB = Total Selection Bias. 
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6 Conclusion 

Following the presentation of my three contributions, this chapter provides a comprehen-

sive conclusion of my dissertation. The central motivation for my dissertation arises from 

the challenges inherent in telephone surveys: rising survey costs coupled with decreasing 

coverage and response rates, which heighten the likelihood of coverage and nonresponse 

biases in the collected data. Table 1 shows the main findings of my dissertation. For clar-

ification, I use the term coverage bias, which refers to the known telephone number cov-

erage bias. As my three dissertation contributions are located several pages above, I will 

summarize their contents in the following pages. Subsequently, I will discuss the contri-

butions of my dissertation to the existing literature and survey practices, while also ad-

dressing important limitations. 

Table 1. Main Findings of My Dissertation 

  

Single-

Mode 
Mixed-Mode 

Study 

Tel Web Web-Tel 

Response 

rates 

R - + ++ 1 & 3 

P + - ++ 2 

Coverage Rates R - ++ ++ 3 

Nonresponse 

Bias 

R ++ - + 1 & 3 

P ++ - ++ 2 

Coverage 

Bias 
R - ++ ++ 3 

Selection 

Bias 
R ++ - + 3 

Survey Costs 

R - ++ + 1 & 3 

P - ++ + 2 

Notes: ++ = best performance, + = intermediate performance, - = worst performance, Tel = telephone, R 

= refreshment sample, P = panel sample. 
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6.1 First Contribution 

My first contribution analyzes the effects of introducing a web starting mode in the wave 

4 refreshment sample of an employee telephone survey on nonresponse (rates and bias) 

and survey costs. 14,393 newly drawn employees with known telephone numbers were 

randomly allocated to a traditional telephone single-mode (n = 7,197) or a sequential web-

telephone mixed-mode design (n = 7,196). By merging the response indicator (0 = no, 1 

= yes) to external data of the Institute for Employment Research (IAB), the German Fed-

eral Office of Statistics (DESTATIS), and the German Federal Ministry of Transport and 

Digital Infrastructure (BMVI), we made four main findings. First, the sequential web-

telephone mixed-mode design produced the highest response rate, followed by the web 

starting mode, and the telephone single-mode. Second, aggregate nonresponse bias was 

highest in the web starting mode, followed by the sequential web-telephone mixed-mode 

design, and lowest in the telephone single-mode. Third, the likelihood of survey partici-

pation varied between a) the telephone and web (single-modes) and b) the telephone sin-

gle-mode and the web-telephone sequential mixed-mode design for some employee sub-

groups. For instance, full-time workers were significantly more likely to participate in the 

web starting mode compared to the telephone single-mode design. Fourth, the web start-

ing mode, followed by the web-telephone mixed-mode design, produced the lowest costs 

per respondent, while the telephone single-mode had the highest costs. 

 

6.2 Second Contribution 

My second contribution examines the effects of introducing a web starting mode into a 

traditional telephone employee panel survey on nonresponse and survey costs, by ran-

domly dividing wave 4 panel cases to a telephone single-mode design (n = 2,062) and a 

web-telephone mixed-mode design (n = 3,056). Additionally, my second contribution 
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conducted an invitation letter experiment by randomly splitting a subgroup of panel cases 

of the mixed-mode design into two groups (first: n = 997, second: n = 996). While both 

groups received invitation letters with links and QR codes, only the second group was 

informed that telephone calls would start in three weeks if the web survey remained in-

complete. By linking the response indicator (0 = no, 1 = yes) to individual data of the 

IAB, the DESTATIS, and the BMVI, we made five main findings. First, mentioning vs. 

not mentioning the telephone follow-ups in the invitation letter did not significantly affect 

response rates and respondent composition in the web starting mode and the web-tele-

phone mixed-mode design. Second, the web-telephone mixed-mode design yielded the 

highest response rates, followed by the telephone single-mode, and the web starting 

mode. Third, aggregate nonresponse bias was similar in the telephone single-mode and 

the web-telephone mixed-mode design and highest in the web single-mode. Fourth, high 

conscientiousness employees were significantly more likely to respond via web than tel-

ephone, whereas former job seekers were more likely to respond via telephone compared 

to web. None of the other variable categories significantly influenced the likelihood of 

telephone vs. web and telephone vs. web-telephone participation. Fifth, survey costs per 

interview were lowest in the web starting mode, followed by the web-telephone mixed-

mode design, and highest in the telephone single-mode. 

 

6.3 Third Contribution 

My third contribution starts with an examination of known telephone number coverage 

in the refreshment samples of the LPP employee survey (wave 1: n = 43,616, wave 2: n 

= 38,191, wave 3: n = 31,374, wave 4: n = 24,840, wave 5: n = 24,416). Afterwards, my 

contribution addresses coverage and nonresponse (both rates and bias), total selection 

bias, and survey costs before (waves 1 to 3) and after (waves 4 to 5) introducing web in 
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the LPP employee survey. The effects of introducing the web mode into a traditional 

telephone survey were analyzed by randomly assigning wave 4 and 5 refreshment cases 

to a telephone single-mode or a web-telephone mixed-mode design. In the single-mode 

telephone group, employees with unknown telephone numbers were treated as noncov-

ered cases, whereas in the web-telephone mixed-mode design, they were classified as 

covered by the web mode. By merging the response (0 = no, 1 = yes) and known telephone 

number indicator (0 = no, 1 = yes) with external data from the IAB and the DESTATIS, 

three main findings were made. First, known telephone coverage generally declined over 

the waves and varied across employee subgroups. For instance, individuals not registered 

as job seekers during the last 10 years and those residing in larger cities were less likely 

to have a known telephone number compared to their reference groups. Second, for most 

variable categories in the telephone single-mode, coverage bias and nonresponse bias 

tended to offset each other, yielding a total selection bias that lies between nonresponse 

and coverage bias. Third, introducing the web decreased nonresponse rates and survey 

costs, removed coverage bias, but increased nonresponse bias and total selection bias 

compared to the telephone single-mode. 

 

6.4 Contribution to the Literature 

Despite that a growing number of traditional telephone surveys recently introduced or 

switched to the web (Olson et al. 2021), only a few studies addressed the effects of intro-

ducing the web in an ongoing telephone panel survey (Voorpostel et al. 2020; Biemer et 

al. 2021). However, none of these studies compared a single-mode telephone survey with 

a) a web starting mode and b) a sequential web-telephone mixed-mode design in an ex-

perimental setting conducted within a traditional employee panel survey. My three dis-
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sertation contributions close this research gap by addressing diverse aspects of introduc-

ing the web in a telephone panel survey. This chapter relates three primary outcomes of 

my dissertation to the existing literature. 

First, previous studies on refreshment samples (Manfreda et al. 2008; Laaksonen and 

Heiskanen 2014; Woo et al. 2015; Lipps and Pekari 2016; Lee et al. 2019; Daikeler et al. 

2020; Voorpostel et al. 2020; Gundersen et al. 2021) found that web mode yields lower 

or similar response rates compared to telephone mode. Contrarily, my dissertation shows 

higher response rates for the refreshment sample (Contributions 1 and 3) in the web start-

ing mode compared to the telephone single-mode. Additionally, research on panel cases 

has indicated that the traditional interviewer-administered mode has a higher response 

rate than the web-first mixed-mode design during the initial wave of the mode change 

(Jäckle et al. 2015; Lüdtke and Schupp 2017). My second contribution reveals a higher 

response rate for panel cases in the initial wave of the mode change in the web-telephone 

mixed-mode design compared to the traditional telephone single-mode. The varying out-

comes may, in part, be attributed to the population under study. While preceding studies 

primarily target broader populations, my dissertation concentrates on employees. Em-

ployees, especially those who work full-time or commute regularly, represent a busy and 

hard-to-reach group. They can benefit from the flexibility of online participation regard-

less of their schedule. Additionally, employees are more likely to have internet access at 

home compared to the general population (German Federal Office of Statistics 2022; US 

Census Bureau 2022). 

Second, the literature demonstrates differences in respondent composition between tele-

phone and web modes, as shown by Dillman et al. (2009), Revilla (2010), Laaksonen and 

Heiskanen (2014), Kappelhof (2015), Klausch et al. (2015), and Lipps and Pekari (2016). 

For example, the web mode produces a higher share of a) employed individuals (Lugtig 
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et al. 2011; Voorpostel et al. 2020) and b) higher educated individuals (Fricker et al. 2005; 

Lugtig et al. 2011; Laaksonen and Heiskanen 2014) compared to the telephone mode. My 

three contributions also showed variations in sample composition between the web sin-

gle-mode and the telephone single-mode in the refreshment sample (Contribution 1 and 

3) and panel sample (Contribution 2). In my three contributions, the distinct sample com-

positions resulted in a higher overall absolute nonresponse bias in the web single-mode 

compared to the telephone single-mode. Following web nonrespondents by telephone re-

duced the overall absolute nonresponse bias in all three contributions, but only in the 

wave 4 panel sample (Contribution 2) to a similar amount compared to the telephone 

single-mode. 

Third, earlier results indicate that introducing the web in an interviewer-administered sur-

vey has the potential to decrease survey costs, mainly driven by the absence of an inter-

viewer (Berzelak et al. 2015; Lipps and Pekari 2016; Lüdtke and Schupp 2017; Bianchi 

et al. 2017; Lee et al. 2019; Soullier et al. 2023). My three dissertation contributions sup-

port this finding. The web single-mode had the lowest cost per interview, followed by the 

web-telephone mixed-mode design, and then the telephone single-mode, across both the 

refreshment (Contributions 1 and 3) and panel sample (Contribution 2). The contributions 

of my dissertation to survey praxis will be discussed in the next section. 

 

6.5 Practical Implications  

My dissertation provides three main practical implications. First, replacing a traditional 

telephone single-mode with a web single-mode decreases survey costs (refreshment and 

panel sample), coverage bias and noncoverage rates (refreshment sample), and nonre-

sponse rates (refreshment sample), but increases nonresponse rates (panel sample), non-
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response bias (refreshment and panel sample), and total selection bias (refreshment sam-

ple). These results were considered when the IAB and the Federal Ministry of Labour and 

Social Affairs discussed the potential of transitioning the LPP employee survey to an 

exclusive web mode.  

Second, although following web nonrespondents via telephone increases response rates 

(refreshment and panel sample), this did only push the level of aggregate nonresponse 

bias in the panel sample to a level comparable to that of the telephone single-mode design. 

Additionally, the web-telephone mixed-mode design produces lower survey costs (re-

freshment and panel sample) and noncoverage rates and coverage bias (refreshment sam-

ple) than the telephone single-mode. Based on my dissertation findings, the decision has 

been made to adopt the sequential web-telephone mixed-mode design for the entire sam-

ple (refreshment and panel cases) of the LPP employee survey starting from wave 7 on-

wards. In addition, my results informed a team of the University of Bielefeld and the IAB 

to start a new employee survey (project: Zeit vs. Geld) in a sequential web-telephone 

mixed-mode design in 2023. Third, the survey weights included in the LPP employee 

survey contain a separate coverage and nonresponse adjustment step for the refreshment 

and panel sample. The coverage adjustment was done in the waves prior to the mode 

change, while the nonresponse adjustment was done in all survey waves. The adjustment 

steps include the variables sex, age (groups), income (groups), state of the working place, 

and a full-time vs. part-time indicator. My results show that variables related to past con-

tacts to the Federal Employment Agency (BA) (e.g., registered as a job seeker or income 

benefit receiver within the last 10 years) have the strongest relation among all tested var-

iables on the existence of a known telephone number and are also related to survey vari-

ables (own calculations), which lead to my suggestion to update the wave 1 to wave 3 

coverage adjustment by using these variables. Moreover, my results show that certain 
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variables used in the nonresponse adjustment, such as sex and region, have minimal im-

pact on survey response, while others (e.g., education, survey mode, urbanicity, and per-

sonality traits) demonstrate stronger correlations with survey participation. As the educa-

tion (Lott 2020; Denzer and Grunau 2021; Yang et al. 2023), personality traits (Bellmann 

and Hübler 2021; Herr et al. 2021; Laible and Brezel 2021) urbanicity (own calculations) 

and survey mode (Saar and Mackeben 2023) are also related to survey variables in the 

LPP, I suggested to add these variables to the nonresponse adjustment step. While my 

dissertation offers practical implications, it is not without limitations, which I will outline 

in the following section. 

 

6.6 Limitations and Future Research 

To my knowledge, my dissertation has four major overarching limitations. First, the target 

population of my dissertation is employees subject to social insurance contributions in 

Germany. The monthly income threshold for social insurance is 520 Euros in 2023 (Ger-

man Federal Employment Agency 2023). Employees working in establishments with a) 

less than 50 employees subject to social insurance, and b) establishments belonging to the 

fishing, agricultural, and public sectors do not belong to the target population. Future 

research should address whether my dissertation results are generalizable to other em-

ployed or more general populations. Second, my dissertation employs a specific sampling 

frame, comprising telephone numbers derived from previous interactions with the BA or 

listings in public telephone directories, both sources potentially spanning multiple years. 

In contrast, addresses are typically no older than one year, being supplied annually to the 

BA by employers. Future research is warranted to ascertain the extent to which my dis-

sertation results can be extrapolated to other sampling frames. Third, the differentiation 

between web (computer) and web (smartphone) (e.g., in terms of questionnaire design 
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and sample composition) has recently become an important topic in survey research (de 

Bruijne et al. 2013; Lee et al. 2019; Biffignandi and Bethlehem 2021; Čehovin and Ve-

hovar 2023; Knapp and Blanke 2023). While I could not distinguish between smartphone 

and computer responses in my dissertation, upcoming waves of the LPP employee survey 

will facilitate the differentiation between smartphone and computer participation. Fourth, 

survey design features (e.g., use of incentives, the layout and wording of the invitation 

letters, and the number of telephone contact attempts) can affect the outcome rates and 

biases (Kreuter et al. 2010; Kaplowitz et al. 2012; Lipps and Pekari 2016; McGonagle 

and Freedman 2017). Thus, my results may be at least partly influenced by the survey 

design features, making it a topic for future research. Additionally, future research should 

address the long-term effects of introducing web in a traditional telephone survey on con-

tinuing survey participation, and differential measurement error (de Leeuw 2018). 

Despite these limitations, extensive individual administrative data were used in my dis-

sertation to analyze a randomized mode design experiment. I found clear advantages of 

replacing a traditional telephone single-mode with a sequential web-telephone mixed-

mode design in terms of response rates, known telephone coverage (rates and bias) as 

well as survey costs. However, these advantages must be weighed against increasing non-

response bias and total selection bias in the refreshment samples.  
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