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Abstract 

Many household panel surveys have experienced decreasing response rates and increasing risk of nonresponse bias 
in recent decades, but trends in response rates and nonresponse bias in business or establishment panel surveys 
are largely understudied. This article examines both panel response rates and nonresponse bias in one of the larg-
est and longest-running establishment panels, the IAB Establishment Panel. Response rate trends are reported 
over a 17-year period for each annual cohort and rich administrative data are used to evaluate changes in non-
response bias and test hypotheses regarding short-term and long-term panel participation. The findings show 
that while cumulative panel response rates have declined over time, wave-to-wave reinterview rates have remained 
largely stable. Reinterview nonresponse bias has also remained stable, while cumulative nonresponse bias has con-
sistently increased within all cohorts. Larger establishments and those that experienced an interviewer change or did 
not answer all survey questions (item nonresponse) in a previous wave were less likely to continue participating 
in the panel. These findings and their practical implications are discussed in conclusion.
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1 Introduction
Nonresponse is a ubiquitous problem in surveys and 
particularly in panel surveys as it accumulates over 
multiple time points. Nevertheless, panel surveys are 
important tools for capturing changes in the population 
over time. In addition to household panel surveys, busi-
ness (or establishment) panel surveys provide valuable 
insights into changes in the economic situation of a 
country that inform policy debates. Examples of large-
scale establishment panel surveys include the Current 

Employment Statistics (CES) of the U.S. Bureau of 
Labor Statistics (BLS) (Bureau of Labor Statistics 
2023a), the Survey of Industrial and Service Firms 
(Invind) of the Bank of Italy (Banca d’Italia 2022), the 
Survey of Employment, Payrolls and Hours by Statistics 
Canada (Statistics Canada 2022), the Annual Enterprise 
Survey conducted by Stats New Zealand, and the Ger-
man IAB Establishment Panel (IAB-EP) (Bechmann 
et  al. 2021) of the Institute for Employment Research 
(IAB). These and other panel surveys measure key busi-
ness statistics, including employee turnover, work-
ing hours, earnings, financial performance, and price 
changes by industry. In addition to well-established 
panels, newer establishment panels are being launched 
as fresh topics and research questions emerge. The 
COVID-19 pandemic, for example, propelled the 
creation of new panel surveys, including the Business 
Impact of Coronavirus Survey (BICS) by the Office for 
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National Statistics of the United Kingdom (Gough et al. 
2020) and the German survey “Establishments in the 
COVID-19 Crisis” of the IAB (Backhaus et al. 2021).

Governments and research institutes invest signifi-
cant resources into creating these panel surveys, but 
their investments are at risk of being undermined when 
establishments do not respond to the survey requests 
or permanently drop out of the panel over time. Nonre-
sponse not only diminishes the sample size and resulting 
confidence level of the estimates but can also introduce 
bias if the participating sample no longer represents the 
intended target population (de Heer and de Leeuw 2002). 
While some studies have identified declining participa-
tion in voluntary cross-sectional establishment surveys 
(Pielsticker and Hiebl 2020; König et  al. 2021; Küfner 
et al. 2022), the extent to which this trend applies to vol-
untary panel surveys, after establishments have initially 
agreed to join the panel, is currently unclear.

In the present study, we address this research gap by 
examining trends in panel survey participation over 
17  years of the IAB-EP (2001–2017) for each yearly 
cohort that was recruited during this period. In addition 
to reporting response rate trends (including refusal and 
noncontact rates), comprehensive administrative data are 
used to estimate panel nonresponse bias and test several 
hypotheses of panel participation.

Our research questions are:

1) Have panel response rates in the IAB Establishment 
Panel changed over time?

2) What is the magnitude of panel nonresponse biases 
in the IAB Establishment Panel and how much have 
they changed over time?

3) What factors influence short-term and long-term 
participation in the IAB Establishment Panel?

The remainder of this article proceeds as follows. Sec-
tion  2 provides an overview of the theoretical response 
process of panel establishments and the current state 
of research on response rates, nonresponse bias, and 
correlates of participation in establishment surveys. 
Furthermore, hypotheses on the relationship between 
establishment-level characteristics and panel participa-
tion are formulated. In Sect. 3, the IAB-EP, administrative 
data, and explanatory variables are described. Section  4 
describes the study methodology and Sect. 5 presents the 
study results. The article ends with a discussion in Sect. 6 
and a conclusion in Sect. 7.

2  Theoretical background and state of research
2.1  Theory of participation in establishment panel surveys
The survey participation process of establishments 
has been the subject of research for several years (e.g., 

Willimack et al. 2002; Willimack and Nichols 2010). The 
current model of Willimack and Snijkers (2013) distin-
guishes between four groups of factors that influence 
an establishment’s decision to participate: the external 
environment, the business context, the respondent, 
and the survey design. Additional aspects of author-
ity, capacity, and motivation to respond described in 
Tomaskovic-Devey et  al. (1995) are included in the 
above groups. For empirical evaluations of theoreti-
cal participation models, the reader is referred to: Phi-
pps and Jones (2007), Davis and Pihama (2009), Janik 
and Kohaut (2012), Phipps and Toth (2012), Earp et al. 
(2018), D’Aurizio and Papadia (2019), and König et  al. 
(2021), among others.

There are some important differences between estab-
lishment and household surveys in the factors that influ-
ence their voluntary participation. First, establishments 
and households weigh the possible costs and benefits of 
survey participation in different ways. Households may 
be intrinsically motivated to participate in surveys and 
consider factors such as their interest in the topic, avail-
ability, perceived trust of the survey sponsor, and any 
financial or non-financial incentives offered (Groves and 
Couper 2012), whereas establishments must also con-
sider how their participation affects their professional 
goals (e.g. making a profit), demands on staff time, and 
the allocation of resources to the response task. Second, 
identifying the most knowledgeable respondent, while 
relatively straightforward in household surveys, can be 
a challenge in establishment surveys where up to several 
employees may need to be involved in completing the 
questionnaire. Third, completing the questionnaire often 
requires that establishments consult their records, gather 
and process the relevant information, and perform arith-
metic calculations, which are burdensome tasks that are 
not typical of household surveys.

In the panel survey context, it is necessary to con-
sider additional factors that may influence the partici-
pation outcome, such as the frequency and regularity of 
data collection and the time between each data collec-
tion wave (Lepkowski and Couper 2002). For example, 
Bavdaž (2006) found that a high-frequency survey facili-
tated the identification of the same target respondent 
within the establishment and increased the likelihood 
of participation. In this context, organizational learn-
ing can be assumed as the aspect of authority to partici-
pate is resolved and the provision of survey information 
becomes more familiar for the establishment (Davis and 
Pihama 2009; Lemay 2009).

A good predictor of continued participation in a panel 
is the establishment’s prior experience with the panel 
(Smaill 2012; Davis and Pihama 2009). On the one hand, 
panel establishments can draw from their previous 
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experience and familiarity with the survey and basically 
know what to expect regarding the interview process 
(e.g., content, duration, communication) and can use 
the same record look-up procedures to facilitate the data 
retrieval process, thus reducing the burden of response 
in subsequent waves of data collection (Bavdaž 2006; 
Sudman et al. 2000). On the other hand, establishments 
that had a negative experience in a previous interview, or 
encountered a change in the usual data collection pro-
cedure, are less likely to participate again (Bergman and 
Brage 2008).

2.2  Participation rates in establishment panel surveys
Convincing establishments to repeatedly participate 
in a voluntary panel survey, such as the IAB-EP, poses 
particular challenges for survey organizations as estab-
lishments do not experience any penalty if they do not 
participate. Therefore, it is not surprising that response 
rates in voluntary surveys are generally lower than in 
mandatory ones (Paxson et  al. 1995; Fisher et  al. 2003; 
Petroni et al. 2004).

It is important to keep in mind that the establishment 
survey literature uses no standard definitions of panel 
response rates and often the Response Rate 1 (AAPOR 
2023) definition is reported by treating each wave as a 
single cross-section and neglecting the panel context 
(e.g., König et al. 2021; Bureau of Labor Statistics 2023b). 
Table  1 presents such response rates for a selection of 
five voluntary establishment panel surveys from the U.S. 
and Germany. Every survey experienced a decreasing 
response rate over time. Some have been more affected 
than others, as the Job Openings and Labor Turnover 
Survey (JOLTS) experienced an average decline in the 
response rate of 3.8 percentage points per year, while 
the IAB Job Vacancy Survey (IAB-JVS) experienced a 0.4 
percentage point drop per year.

Earlier documentation of panel response rates is 
reported by Petroni et al. (2004), who provided an over-
view of five establishment panel surveys conducted 
monthly by the U.S. Census Bureau (1991–2003) and the 
BLS (2001–2003). Most surveys showed a slightly declin-
ing response rate trend during their respective time peri-
ods. The response rates of the Census Bureau surveys 
declined by about 10 percentage points, on average, until 
2000, but an abrupt increase of 10 percentage points 
occurred in 2001 due to a large survey redesign and the 
recruitment of a new refreshment sample. The authors 
noted that adding a new sample initially increased the 
response rate before it began to decrease again over time. 
Until 2000, the increase in the average response rate 
became smaller for more recent refreshment samples as 
their baseline response rates were generally lower than 
for older refreshment samples. The BLS surveys’ response 
rates experienced a decrease of around 5–10 percentage 
points over the three-year period, though they fluctuated 
over the years.

In the household survey literature, wave-to-wave rein-
terview rates are commonly reported (Wetzel 2003; Sch-
oeni et al. 2013; Sakshaug and Huber 2016; Watson et al. 
2018), which are also called conditional response rates 
(Chesire et  al. 2011; Bergmann and Scherpenzeel 2016) 
as their calculation is based on the respondents of the 
previous wave and those who participated again in the 
subsequent wave. In the following, we refer to this wave-
to-wave response rate as the reinterview rate. It is espe-
cially useful when analyzing changes in retention over 
successive waves.

Another response rate which is also used for household 
panel surveys is the cumulative (or unconditional) panel 
response rate (Chesire et  al. 2011; Sakshaug and Huber 
2016; Kroh et  al. 2018), as it considers the total sample 
loss due to nonresponse/attrition since the initial recruit-
ment wave. While the wave-to-wave reinterview rate may 

Table 1 Temporal trends in response rates of five voluntary establishment panel surveys

CES Current Employment Statistics, BLS U.S. Bureau of Labor Statistics, JOLTS Job Openings and Labor Turnover Survey, ORS Occupational Requirements Survey, IAB 
Institute for Employment Research, IAB-JVS IAB Job Vacancy Survey, IAB-EP IAB Establishment Panel

Survey Survey 
coordinator

Frequency Response rate by 
year (%)

Average percentage point decline 
in response rate per year

Citations

CES BLS Monthly 2013: 64
2023: 43

2.1 Bureau of Labor Statistics 2023c

JOLTS BLS Monthly 2013: 69
2023: 31

3.8 Bureau of Labor Statistics 2023c

ORS BLS Annual 2016: 80
2022: 58

3.7 Bureau of Labor Statistics 2023c

IAB-EP IAB Annual 2001: 50
2017: 34

0.9 König et al. 2021

IAB-JVS IAB Quarterly 2010: 19
2019: 15

0.4 Küfner et al. 2022
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fluctuate or increase over time, the cumulative rate usu-
ally declines over time and quantifies the full extent of 
panel attrition.

To the best of our knowledge, there is no article that 
reports wave-to-wave reinterview rates and cumulative 
response rates for establishment panel surveys. In the 
present study, we report both reinterview and cumulative 
response rate trends in the IAB-EP, and consider a long 
time period of 17 years. We also report refusal and non-
contact rates, which are often neglected in the establish-
ment panel survey literature.

2.3  Nonresponse bias in establishment panel surveys
Besides response rates, another important considera-
tion in panel surveys is nonresponse bias. It occurs when 
participating establishments systematically differ from 
those who don’t participate on the key variables of inter-
est. In panel surveys, attrition increases the risk that the 
respondent composition changes and becomes more 
selective over time (Groves et al. 2009). For this reason, 
nonresponse bias is a major concern in panel surveys, as 
it can reduce the accuracy of panel estimates.

Only few studies have reported estimates of nonre-
sponse bias in establishment surveys (e.g. Küfner et  al. 
2022; König et  al. 2021; Kratzke 2013; Phipps and Toth 
2012). Key findings from these studies suggest that older 
and smaller establishments are slightly more likely to 
participate than younger and larger establishments. Yet, 
no study has reported panel nonresponse bias trends, 
reflecting a neglected area of research. Analogous to the 
two response rate perspectives described above, nonre-
sponse bias can be assessed under both perspectives by 
looking at wave-to-wave reinterview bias and cumula-
tive nonresponse bias over the entire life of the panel. We 
contribute to the literature by considering both perspec-
tives and use rich administrative data available for both 
respondents and nonrespondents to assess temporal 
trends in reinterview and cumulative nonresponse bias in 
the IAB-EP.

2.4  Hypotheses of panel survey participation
In addition to reporting temporal trends of response rates 
and nonresponse bias in the IAB-EP, we also test three 
hypotheses, derived from the survey response model of 
Willimack and Snijkers (2013), regarding factors that may 
influence whether establishments continue to participate 
in the panel.

The first hypothesis concerns the establishment size, 
measured as the number of employees, which is a key 
characteristic that is directly correlated with other 
attributes of the establishment, such as revenue. Large 
establishments are important for the representative-
ness of surveys and, given their small proportion in the 

population, are frequently invited to participate in sur-
veys. However, frequent survey requests may result in 
large establishments being very selective in which vol-
untary requests they accept, if any (Thompson and Oli-
ver 2012; McCarthy et  al. 2017). Furthermore, a large 
number of employees is associated with a hierarchical 
structure that can make it challenging to collaborate on 
survey requests as more people are involved, in which 
case response burden may not be reduced with repeated 
participation (Bottone et al. 2021). Empirical evidence on 
the relationship between establishment size and survey 
participation is inconsistent, but the general consensus 
is that the relationship is mostly positive for mandatory 
surveys and negative for voluntary surveys (Thompson 
and Washington 2013; Davis and Pihama 2009; Phipps 
and Jones 2007). For example, Earp et al. (2018) showed 
for the OES that smaller establishments are more likely 
to participate in the initial panel wave and continue to 
participate in subsequent waves, compared to larger 
establishments. Other studies also conclude that larger 
establishments are less likely to participate in voluntary 
surveys (Janik and Kohaut 2012; König et al. 2021; Küfner 
et  al. 2022). Thus, in the IAB-EP we hypothesize that 
larger establishments have a lower likelihood of panel 
participation compared to smaller establishments.
H1: Larger establishments are associated with a lower 
likelihood of panel participation compared to smaller 
establishments.

An interviewer change may also affect the likelihood 
of panel participation, particularly reinterview participa-
tion, as it abruptly disrupts the usual data collection pro-
cedure. In face-to-face panel surveys, such as the IAB-EP, 
establishments usually develop a familiarity and rapport 
with the same interviewer over time. Watson et al. (2018) 
point out that a continuous relationship between inter-
viewer and respondent is important for study participa-
tion as it is likely to “enhance respondent engagement 
with the study” (Watson et al. 2018, p. 611). In this sense, 
an interviewer change is likely to have a negative effect 
on reinterview participation (Janik and Kohaut 2012).
H2: An interviewer change is associated with a lower like-
lihood of reinterview participation compared to no inter-
viewer change.

Lastly, item nonresponse is thought to be a potential 
indicator of survey reluctance or a negative survey expe-
rience that is predictive of future wave nonresponse, at 
least in household surveys (Loosveldt et  al. 2002; Lee 
et al. 2004; Hawkes and Plewis 2006; Sakshaug and Kreu-
ter 2011). Item nonresponse occurs when a respondent 
is unable or refuses to answer one or more of the survey 
questions. In the establishment survey context, this may 
occur if answering the question requires much effort or 
burden in searching records or recalling information that 



Page 5 of 17    23 Nonresponse trends in the 2001-2017 IAB Establishment Panel

is not easily remembered by the establishment repre-
sentative. We hypothesize that item nonresponse signals 
that the establishment’s motivation to participate may be 
waning and that the costs of providing the survey infor-
mation may be outweighing the benefits, which is likely 
to translate into a lower likelihood of future participation 
(Janik 2011).
H3: Item nonresponse in a prior wave is associated with a 
lower likelihood of future panel participation compared to 
no prior item nonresponse.

The above hypotheses were selected based on their 
importance in the establishment survey participation lit-
erature and because most of them, namely, interviewer 
change and item nonresponse, reflect the panel context. 
Other potential influences of panel participation, such as 
response duration, the quality and length of open-ended 
answers, and straightlining were considered but not pur-
sued further, as the IAB-EP either lacks information on 
them or the question types of the IAB-EP do not permit 
such analyses. Nevertheless, these influences would be 
useful to consider in future research on establishment 
survey participation.

3  Data sources
3.1  IAB Establishment panel
Since 1993, the Institute for Employment Research (IAB) 
runs the voluntary IAB Establishment Panel (IAB-EP), 
which is carried out annually in the second half of the 
year. Each year a sample of employers in Germany are 
interviewed on various topics, such as personnel recruit-
ment, (further) training, and investments. Topics related 
to collective agreements and work councils are of special 
interest for policy research (Ellguth and Kohaut 2021).

The sampling frame of the IAB-EP includes all estab-
lishments in Germany with at least one employee that is 
liable to social security contributions on the  30th of June 
of the previous year. Establishment size, industry, and 
federal state serve as stratification variables. The yearly 
IAB-EP is composed of two samples: a refreshment 
sample of newly drawn establishments and the existing 
panel establishments. The former is drawn from the pre-
vious year’s administrative data with the 30th of June as 
the reference date. In the forthcoming analyses, we treat 
each yearly refreshment sample as a new cohort (e.g., all 
establishments that are newly recruited in 2005 belong 
to the 2005 cohort). Panel establishments are those that 
participated in at least one of the previous two waves 
(Fischer et  al. 2008). Accordingly, temporal drop-outs 
among the panel cases are allowed as long as they were 
not nonrespondents in the survey for more than two con-
secutive waves. In total, we analyze the 17 annual cohorts 
of establishments that were recruited during the period 

2001 to 2017, focusing on their participation behavior 
after the initial recruitment wave.

The IAB-EP is primarily a face-to-face survey, though, 
on average, about 15% of establishments were inter-
viewed by mail each year between 2001 and 2015 (Ellguth 
et  al. 2014) and additional modes, including online and 
telephone were introduced after 2017. We exclude the 
mail cases and do not consider the most recent mixed-
mode years and restrict the analysis to face-to-face inter-
viewing to exclude mode effects. We further exclude 127 
establishments whose participation history was unknown 
for some years due to technical errors.

3.2  Administrative data and linkage to the IAB‑EP
To assess nonresponse bias and predictors of panel 
participation in the IAB-EP, administrative data from 
the Establishment History Panel (BHP) of the Federal 
Employment Agency are used. These data are compiled 
from mandatory social security notifications submit-
ted by employers and thus include every establishment 
in Germany with at least one marginal part-time 
employee (e.g. casual worker, seasonal worker, short-
term employee) or one employee who is liable to social 
security contributions (Schmucker et al. 2018). The BHP 
records numerous attributes of establishments and their 
employees, such as the number of employees by sex, age, 
education level, and employment type. Detailed infor-
mation about the BHP can be found in Schmucker et al. 
(2018). For our analyses, we assume that these register 
data, which stem from notifications that are required to 
be reported by the employer, are accurate. This assump-
tion has also been applied in other studies using the BHP 
for substantive and methodological research (Wagner 
2012; Henze 2014; Späth and Koch 2008).

To combine the two datasets a 1-to-1 linkage was per-
formed merging every establishment in the IAB-EP of 
the survey year to the administrative data of the previous 
year. A small proportion of establishments in the IAB-EP 
could not be linked to the BHP for various reasons.1 This 
proportion increases over the years and peaks at 8% in 
2017. To check if there is a systematic difference between 
the linked and non-linked establishments, regressions of 
the linkage outcome were fitted on several establishment 
characteristics, which yielded no evidence of composi-
tional imbalances.

3.3  Overview of administrative and survey variables
Table 2 shows the variables (and number of categories) 
used in each of the analyses (the detailed categories 

1 Reasons for the non-links can be that the unique identifier of some estab-
lishments has changed in the BHP due to owner change, address change, or 
a business split or merge.
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are shown in Additional file  1: Table  S1). To facilitate 
interpretation of results, these variables are classi-
fied into four variable groups: general characteristics, 
employee structure, employment structure, and survey 
variables. The first three variable groups come from the 
BHP administrative data, while the last group comes 
from the survey data and is only used for modeling 
predictors of panel participation. These variables were 
selected based on their similarity with topics covered 
in the IAB-EP questionnaire and overlap with variables 
used in previous methodological work on nonresponse 
bias (Brixy et al. 2007; Wagner 2012; Henze 2014; Sak-
shaug et al. 2018; König et al. 2021; Küfner et al. 2022).

Additional file  1: Tables S2 and S3 describe all vari-
ables in more detail and provide descriptive statistics 
for all variables based on the slightly different sample 
sizes for the reinterview and cumulative perspectives. 
They also show the various control variables which are 
included in the regression models as sensitivity checks 
for the hypotheses regarding establishment size, item 
nonresponse, and interviewer change.

4  Methods
4.1  Outcome rate definitions
In our analyses of the IAB-EP, we define a response (or 
participation) as an establishment who completed a 
face-to-face interview. All other outcomes are treated 
as nonresponse. Additional file 1: Table S4 provides an 
overview of the different types of nonresponse (refusal, 
noncontact) and their mapping with the specific call-
record outcomes. As stated previously, we consider two 
ways of defining response rates in panel surveys: rein-
terview response rates and cumulative response rates.

The reinterview response rate is defined as the pro-
portion of respondents from the previous wave (t−1) 
who participated in the current wave (t), assuming that 
they were eligible to do so:

By definition, temporal drop-outs of the previous 
year are not included in the reinterview response rate. 
These temporal drop-outs are also not considered again 
for later waves, which means, if an establishment is a 
nonrespondent in one wave it is not included in the 
reinterview analysis of later waves of the same cohort.

(1)Reinterview response ratecohort,t =
respondentscohort,t

respondentscohort,t−1

Table 2 Overview of variables and number of categories used in the analyses

The variable establishment size is considered with more categories in the cumulative analyses because of larger sample sizes

Variables Bias analysis Predictors of panel participation analysis

Reinterview participation Cumulative 
participation

General characteristics

 Region 2 – –

 Establishment size (number of employees) 3 3 9

 Industry 3 – –

 Year of foundation 4 – –

Employee structure

 Pct. of female employees 4 – –

 Pct. of German employees 2 – –

 Average age of employees (years) 4 – –

 Pct. of low-qualified employees 2 – –

 Pct. of middle-qualified employees 4 – –

 Pct. of high-qualified employees 4 – –

Employment structure

 Pct. of marginal employees 4 – –

 Pct. of full-time employees 4 – –

Survey variables

 Item nonresponse – 2 2

 Interviewer change – 2 -
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The reinterview refusal rate is similarly calculated 
as the proportion of respondents in the previous wave 
(t−1) who were refusals in the current wave (t):

The reinterview noncontact rate is also similarly cal-
culated as the proportion of respondents in the previ-
ous wave (t−1) who were noncontacts in the current 
wave (t):

These reinterview outcome rates are calculated for 
every wave of each cohort.

The cumulative response rate is defined as the propor-
tion of sampled units from the starting wave  (t0) who 
responded in the current wave (t):

(2)Reinterview refusal ratecohort,t =
refusalscohort,t

respondentscohort,t−1

(3)Reinterview noncontact ratecohort,t =
noncontactscohort,t

respondentscohort,t−1

(4)Cumulative response ratecohort,t =
respondentscohort,t

totalsampleunitscohort,t0

In the denominator, nonrespondents from the first 
wave are also included. To show the temporal change in 
the cumulative response rate, we also compare the rates 
of the different cohorts for the same waves. In contrast 
to the reinterview response rate, temporal drop-outs 
that were not nonrespondents in more than two subse-
quent waves are considered in the cumulative response 
rate analyses, which results in slightly larger numbers of 
observations.

4.2  Estimation of nonresponse bias 
and representativeness

Nonresponse bias is calculated as the difference 
between the respondent-based estimate and the esti-
mate based on the relevant reference sample (D’Aurizio 
and Papadia 2019) for the administrative variables in 
Table 2. For reinterview nonresponse bias, the reference 
sample comprises all respondents from the previous 
wave of a cohort, whereas for cumulative nonresponse 
bias the reference sample consists of all sampled units 
from the initial wave of a cohort. Thus, the change in 
the sample composition due to nonresponse is studied 

Table 3 Nonresponse bias and R-indicator formulas for reinterview and cumulative participation

Note on subscript characters: i = variable category of interest (i = 1, 2, …, V); r = respondents; n = full sample; k = contacted cases; c = cohort; w = wave; 
j = establishment in the full sample (j = 1, 2, …, n); ρj = estimated response propensity; ρ = average estimated response propensity

Analysis perspective Nonresponse bias Formula

Reinterview participation Reinterview nonresponse  biasc,w Yi,r ,c,w − Yi,n,c,w (5)

Reinterview refusal  biasc,w Yi,r ,c,w − Yi,k,c,w (6)

Reinterview noncontact  biasc,w Yi,k,c,w − Yi,n,c,w (7)

Cumulative participation Cumulative nonresponse  biasc,w Yi,r ,c,w − Yi,n,c,1 (8)

Absolute relative nonresponse bias Formula

Reinterview participation Absolute relative reinterview nonresponse  biasc,w
∣

∣

∣

Yi,r ,c,w−Yi,n,c,w
Yi,n,c,w

∣

∣

∣

(9)

Absolute relative reinterview refusal  biasc,w
∣

∣

∣

Yi,r ,c,w−Yi,k ,c,w
Yi,k ,c,w

∣

∣

∣

(10)

Absolute relative reinterview noncontact  biasc,w
∣

∣

∣

Yi,k ,c,w−Yi,n,c,w

Yi,n,c,w

∣

∣

∣

(11)

Cumulative participation Absolute relative cumulative nonresponse  biasc,w
∣

∣

∣

Yi,r ,c,w−Yi,n,c,1
Yi,n,c,1

∣

∣

∣

(12)

Average absolute relative nonresponse bias Formula

Reinterview participation Average absolute relative reinterview nonresponse  biasc,w
∑V

i=1

∣

∣

∣

∣

Yi,r ,c,w−Yi,n,c,w

Yi,n,c,w

∣

∣

∣

∣

V

(13)

Average absolute relative reinterview refusal  biasc,w
∑V

i=1

∣

∣

∣

∣

Yi,r ,c,w−Yi,k ,c,w

Yi,k ,c,w

∣

∣

∣

∣

V

(14)

Average absolute relative reinterview noncontact  biasc,w
∑V

i=1

∣

∣

∣

∣

Yi,k ,c,w−Yi,n,c,w

Yi,n,c,w

∣

∣

∣

∣

V

(15)

Cumulative participation Average absolute relative cumulative nonresponse  biasc,w
∑V

i=1

∣

∣

∣

∣

Yi,r ,c,w−Yi,n,c,1

Yi,n,c,1

∣

∣

∣

∣

V

(16)

R‑indicator Formula

Reinterview and cumulative participation Sample-based R-indicator R(ρ) (Schouten et al. 2009)
1− 2

√

1
n−1

∑n
j=1 (ρj − ρ)

2 (17)
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from both panel participation perspectives, similar to 
the response rate analysis.

Table  3 provides an overview of the different non-
response bias formulas used. The first formulas (5–8) 
calculate the raw nonresponse bias as the difference 
between the respondent-based estimate and the refer-
ence sample estimate, whereas the next set of formu-
las (9–12) estimate the absolute relative nonresponse 
bias, which has been used in previous research to 
show the magnitude of nonresponse bias relative to 
the reference sample estimate (Groves 2006; Sakshaug 
and Huber 2016; Sakshaug et al. 2020; Mackeben and 
Sakshaug 2022). As an aggregate measure of relative 
nonresponse bias, we also compute the average abso-
lute relative nonresponse bias (formulas 13–16) by 
averaging across all estimates of absolute relative non-
response bias for a given variable group or overall.

To investigate survey representativeness from 
another perspective, we estimate the R-indicator that 
not only aggregates univariate differences but also 
considers multivariate relations between the admin-
istrative variables based on a logistic regression 
model (Schouten et  al. 2009). The R-indicator uses 
the estimated response propensities to assess survey 
representativeness within a range of 0 to 1, where 0 
represents no representativeness and 1 full representa-
tiveness. Similar to the nonresponse bias measures, 
we estimate R-indicator values for every combination 
of cohort and wave for the reinterview and cumula-
tive participation perspectives. The same administra-
tive variables as in the corresponding bias analyses are 
used as predictors in the regression model.

4.3  Modeling predictors of panel participation
The last set of analyses evaluate predictors of panel 
participation for both the reinterview and cumula-
tive participation perspectives. Here, we restrict the 
analysis to establishments who at least responded to 
the initial recruitment wave (wave 1) of their respec-
tive cohort and were also eligible to participate in the 
subsequent wave (wave 2). This avoids establishments 
who never participated in the panel (which are the 
majority of the initial sample) from skewing the tem-
poral participation results.

Wave-to-wave reinterview participation is modeled 
as a dichotomous variable (1 = response; 0 = nonre-
sponse) using covariate information from respondents 
in the previous wave to predict participation in the 
current wave. A fixed-effects model is fitted separately 

for each of the 16 cohorts (cohort 2001 to cohort 
2016) from the second wave onward with the wave 
number included as a control variable to account for 
wave-specific differences. This results in 16 regres-
sions. We report the average marginal effects (AME) 
in the results section.

Cumulative wave participation is modeled over a 
longer period to identify determinants of participa-
tion at two time points: after wave 4 and after wave 
8, both conditional on wave 1 participation. Accord-
ingly, two dichotomous variables [1 = response after 
wave 4 (or wave 8); 0 = did not respond after wave 4 
(or wave 8)] are generated, one for each of the cut-offs. 
Wave 4 and wave 8 were chosen as cut-offs because 
the cumulative response rates showed slightly larger 
decreases at these time points, but we acknowledge 
that other cut-offs could have been used. Cumulative 
participation after wave 4 is examined by using one 
fixed-effects regression model for cohorts 2001–2013. 
Cumulative participation after wave 8 is analyzed in 
the same way but for fewer cohorts, over the period 
2001–2009, to account for the fact that newer cohorts 
did not have the opportunity to participate in so many 
waves. For cumulative participation after wave 8 we 
also performed a sensitivity analysis by excluding all 
establishments from the regression that did not par-
ticipate after wave 4. This is to prevent establishments 
that did not participate after wave 4 (which comprise 
the majority of dropouts) from skewing the coeffi-
cient estimates of participation after wave 8. All three 
regression models use covariate information only col-
lected at wave 1 and include cohort number as a con-
trol variable.

All data analyses were performed using the survey 
(svy) commands in Stata/MP 15.1 (StataCorp 2017) 
and are weighted to account for differential probabili-
ties of selection.

5  Results
5.1  Outcome rates
5.1.1  Reinterview response rates
First, we examine temporal trends in wave-to-wave 
reinterview outcome rates for the 16 IAB-EP cohorts 
from 2002 to 2017. Figure  1 presents the reinterview 
response rates, refusal rates, and noncontact rates for 
each cohort. All cohorts exhibit a similar increasing 
trend in the beginning waves where the reinterview 
response rates increase from a low of around 70% 
in wave 2 to above 80% from wave 5 onward. In the 



Page 9 of 17    23 Nonresponse trends in the 2001-2017 IAB Establishment Panel

later waves, the reinterview rates remain mostly sta-
ble and fluctuate by about 3%-points. Conversely, the 
reinterview refusal rates are highest in the early waves 
and decrease over time for nearly all cohorts, with a 
mean of 21.64% in wave 2 to 10.96% in the last wave of 
each cohort. The reinterview noncontact rate is rather 

small for all cohorts and fluctuates with a slightly 
decreasing trend over time, with a mean of 5.53% in 
wave 2 and 2.22% in the last wave. These results sug-
gest that refusals are the dominant source of reinter-
view nonresponse.

Fig. 1 Reinterview outcome rates by cohort and wave
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5.1.2  Cumulative response rates
Next, we present trends in cumulative response rates for 
all cohorts from wave 2 onward; response rates of ini-
tial waves are presented elsewhere (König et  al. 2021). 
Figure  2 clearly shows that every cohort is affected by 
cumulative nonresponse with steeper declines in par-
ticipation in the earlier waves and a flatter decline in the 
latter waves. For example, the average yearly response 
rate declines about 5.01%-points from waves 1–3 and 
1.76%-points from waves 4–6 across all cohorts. Such 
temporal trends are not surprising given the impacts of 
attrition, particularly in the early stages of a panel.

The more interesting result arises when looking at the 
cumulative response rates of the same waves across dif-
ferent cohorts (Fig.  3), as the slope of the decrease var-
ies by wave and cohort. For waves 2 to 6 there is a sharp 
decreasing trend, mainly for the earlier cohorts intro-
duced before 2007. In particular, the wave 2 cumula-
tive response rate for cohort 2001 (38.05%) is nearly 
15%-points higher than that of cohort 2010 (23.39%). 
The temporal trend tends to flatten over time and after 
wave 11 the response rate remains mostly stable. These 
results suggest that the early cohorts were more willing 
to participate again in the panel initially but their moti-
vation waned soon after, whereas the later cohorts were 

more difficult to recruit, such that only the most moti-
vated establishments joined the panel and their motiva-
tion stayed high beyond the initial waves.

5.2  Nonresponse bias and R‑indicator
5.2.1  Reinterview nonresponse bias and R‑indicator
Here we present trends in reinterview nonresponse, 
refusal, and noncontact biases. For brevity, we only 
discuss average absolute relative nonresponse biases 
across all administrative variables and mention biases 
for specific variables only if they are particularly strik-
ing. All raw nonresponse biases and absolute relative 
nonresponse biases for each variable of each cohort-
wave combination can be found in Additional file  1: 
Tables S5–S7. For biases aggregated to the level of the 
three substantive variable groups (general characteris-
tics, employee structure, and employment structure), 
the reader is also referred there.

Overall, the average absolute relative reinterview non-
response bias shows no consistent trend for the waves 
within each cohort (Fig. 4). For most cohorts, the average 
nonresponse bias remains relatively stable and fluctuates 
by only 2- or 3%-points over the waves. There tends to 
be larger fluctuations in the earlier cohorts (e.g. cohort 
2002) compared to the later cohorts. However, none of 

Fig. 2 Cumulative response rates by cohort and wave

Fig. 3 Cumulative response rates by wave and cohort
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the average absolute relative reinterview biases exceed 
7%, which we consider to be a reassuring finding.

R-indicator values for cohorts 2001 to 2015 are pre-
sented by wave in Additional file 1: Figure S1. It can be 
seen that the R-indicator starts around 0.8 in the early 
waves of every cohort. For the oldest cohorts, 2001 

to 2005, there is a slightly decreasing trend over time 
which means that representativeness gets worse. In par-
ticular, cohorts 2001 and 2002 exhibit a decrease in the 
R-indicator of around 0.2 units after wave 10. Younger 
cohorts introduced since 2006 reveal more or less stable 
R-indicator values of around 0.8. Such R-indicator values 

Fig. 4 Average absolute relative reinterview biases by cohort (2001–2015) and wave
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correspond with those reported in the survey literature 
(Cornesse and Bosnjak 2018).

Focusing now on reinterview nonresponse bias for 
single variable categories (see Additional file  1: Tables 
S5–S7), we find no systematic trend for any category, 
and there are only few values that exceed 10% rela-
tive bias, such as establishment size (50 + employees) in 
wave 8 of cohort 2001 (11.54%) and year of foundation 
(1970/1980s) in wave 5 of cohort 2008 (16.98%). Again, 
it is reassuring that the vast majority of single variables 
are not substantially affected by reinterview nonresponse 
bias and the bias trends are relatively stable over time. A 
very similar picture emerges for average absolute relative 
refusal bias and noncontact bias as no systematic trend 
can be seen for either. Average noncontact biases are in 
general significantly lower than refusal biases and in most 
cases below 2%.

5.2.2  Cumulative nonresponse bias and R‑indicator
Although the wave-to-wave reinterview analysis revealed 
that average absolute nonresponse relative biases are 
small (mostly below 5%) and do not follow a systematic 
trend, analyzing cumulative nonresponse bias may reveal 
a different picture as attrition accumulates at each subse-
quent wave. Figure 5 clearly shows that the average abso-
lute relative nonresponse bias increases steadily over the 
waves for each cohort (the tabular results for each cohort 
and wave can be found in Additional file 1: Tables S8 and 
S9). For example, cohort 2001 has an average absolute 
relative cumulative nonresponse bias of 5.55% in wave 1, 
which jumps to 14.26% in wave 2 and 40.81% in wave 17. 
Cohort 2004 also starts off with a modest average rela-
tive nonresponse bias of 3.38% in wave 1, and increases 
strongly to 15.65% in wave 2 and 50.12% in wave 14.

Additional file  1: Figure S2 reveals the R-indicator 
values for the cumulative participation perspective. All 
cohorts start out with values around 0.8 in wave 2. The 
trend for cohorts 2001 to 2005 are consistent with the 

results of the cumulative nonresponse bias presented 
earlier, as the R-indicator and thus the representative-
ness, decreases over waves. For cohorts 2006 onward, the 
R-indicator values are mostly stable

Looking at the single variable categories (see Addi-
tional file  1: Table  S8), there are many estimates that 
show a large increase in absolute relative nonresponse 
bias, for example, the industry category public/educ/
health/arts in the 2003 cohort starts at 10.77% in wave 
1 and increases to 103.56% in wave 15. Compared to the 
other variable categories, only establishment location 
(West Germany), establishment size (1–9 employees), 
and the % of German employees (100%) have relatively 
small biases (smaller than 10%) in most cohorts over 
time. Overall, the composition of respondents within the 
cohort changes over time with respect to the administra-
tive variables considered, however, the variables with the 
largest biases in the cohorts are not always the same. For 
example, in some cohorts the average age of employees 
(category > 45—88) has the largest bias, while for another 
cohort the largest bias occurs for % of high-qualified 
employees (> 8–20%).

To investigate whether the cohorts differ in their aver-
age absolute relative cumulative nonresponse bias over 
time, Fig. 6 compares the same waves of different cohorts. 
As previously indicated, the cumulative nonresponse bias 
is generally larger in later waves. For all waves, cohort 
2003 is striking as it yields a smaller bias than most of 
the other cohorts. Looking at waves 5 and 6 we can see 
that cohorts that entered the panel later (after 2007) have 
slightly smaller average biases than earlier cohorts. For 
example, focusing on wave 6, the average bias decreases 
across the cohorts from 28.02% in cohort 2001 to 20.50% 
in cohort 2012.

Comparing the absolute relative cumulative nonre-
sponse bias of the single variable categories of the same 
wave, no consistent patterns attract attention (see Addi-
tional file  1: Table  S9). For example, the cumulative 

Fig. 5 Average absolute relative cumulative nonresponse bias by cohort (2001–2015) and wave
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nonresponse bias of establishment size (50 + employ-
ees) in wave 2 has smaller values for earlier than for 
later cohorts which means that larger establishments are 
less represented in later cohorts but this trend does not 
apply to all waves. Looking at another category, the % of 
marginal employees (> 25–100%), we see a decreasing 
bias trend across cohorts in wave 5, meaning that later 
cohorts are less biased with regard to this specific vari-
able than earlier cohorts. Most of the other variables fluc-
tuate arbitrarily per wave over time.

5.3  Predictors of panel participation
5.3.1  Reinterview participation
Next, we examine the three hypothesized predictors 
(establishment size, interviewer change, item nonre-
sponse) of reinterview participation by reporting the 
results of the fixed-effects logistic regression models that 
were fitted separately for cohorts 2001 to 2016. Addi-
tional file 1: Table S10.1 shows the corresponding average 
marginal effects (AMEs).

The AMEs for establishment size categories 10–49 and 
50 + employees are smaller (between −0.06 and 0.05) 
than the other two variables and statistically significant 
(p < 0.1) in less than half of the cohorts. The findings 
indicate that establishments with 10–49 employees are 
more likely to participate and those with 50 + employees 
are less likely to participate in the next panel wave than 
establishments with 1–9 employees. H1 asserted that 
the likelihood of reinterview participation is lower for 
larger establishments. The results only partially support 
this hypothesis, as the AMEs for establishment size are 
very small and rarely statistically significant across the 
cohorts.

The largest negative AME on participation across all 
cohorts is due to interviewer change, meaning that estab-
lishments who experienced an interviewer change since 
the prior wave were less likely to participate in the next 
wave. This effect is statistically significant at the 0.01 level 

in all cohorts; thus, H2 is supported. This finding is par-
ticularly important as it is the only hypothesized variable 
under the control of the survey organization. On average, 
across all reinterview cohorts, we observe a reinterview 
rate that is 13.1 percentage points lower for establish-
ments that experience an interviewer change compared 
to establishments recruited by the same interviewer. With 
large sample sizes, this can mean the difference between 
achieving, for example, 5000 interviews with no inter-
viewer change or achieving only 4345 interviews with 
an interviewer change. Thus, survey organizations must 
weigh the potentially higher costs of deploying the same 
interviewer against the possible reduction in the reinter-
view rate due to changing the interviewer. Depending on 
the cohort, the difference is sometimes larger or smaller 
and we find no significant temporal trend of this effect.

Item nonresponse in the prior wave also reduces the 
likelihood of participating in the next wave, which is sta-
tistically significant (p < 0.1) in 14 of 16 cohorts. Thus, H3 
is supported.

To investigate whether the effect of the hypothe-
sized variables differ between the waves of a cohort, we 
included interaction terms with wave for all three covari-
ates (Additional file 1: Table S10.2). Overall, the interac-
tions are rarely statistically significant. For interviewer 
change, 6 out of 16 cohorts are statistically significant 
which indicates that the negative effect on reinterview 
participation differs slightly across waves, but the direc-
tion of the effect always remains the same.

To assess the robustness of the hypothesis results, we 
ran a series of sensitivity analyses. As a first sensitiv-
ity check, we ran the regression models without design 
weights. The coefficients slightly vary in size but the 
direction stays the same (Additional file 1: Table S10.3). 
The negative effect of establishments with 50 + employees 
on reinterview participation now becomes statistically 
significant (p < 0.05) in 14 (before 4) of 16 cohorts. This 
result makes sense given that these larger establishments 

Fig. 6 Average absolute relative cumulative nonresponse bias per wave and cohort
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were oversampled and therefore the design weights mod-
erate their effect on participation. Univariate regressions 
for each hypothesized variable and multivariate regres-
sions with many additional control variables (both survey 
and administrative) were analyzed as second and third 
sensitivity checks (Additional file  1: Table  S10.4 respec-
tively S10.5). The coefficients for the hypothesized vari-
ables slightly vary in size and significance level depending 
on the cohort, but overall the results are generally con-
sistent with the main analysis.

5.3.2  Long‑Term (cumulative) participation
The following analyses examine two hypothesized pre-
dictors (establishment size and item nonresponse) of 
long-term panel participation, defined in two ways: (1) 
still participating after wave 4 (for cohorts 2001–2013); 
or (2) still participating after wave 8 (for cohorts 2001–
2009). As a reminder, participation after wave 8 is mod-
eled twice using different samples: one that includes 
establishments that stopped participating until wave 
4, and, as a sensitivity check, one that excludes these 
cases. Additional file 1: Table S11.1 shows the AMEs of 
all three regressions.

The likelihood of participating in the panel after wave 
4 is higher for establishments with 5–49 employees and 
lower for establishments with 100–999 employees com-
pared to the smallest establishments (i.e. 1–4 employ-
ees); thus, H1 is supported. Participating after wave 4 
is also less likely if the establishment did not answer 
all survey questions in the first wave (p < 0.01), which 
is in support of H3. Similar conclusions can be drawn 
for modeling participation after wave 8 when keeping 
all nonrespondents until wave 4 in the sample; only the 
coefficient for establishments with 100–199 employ-
ees is not statistically significant anymore. When the 
early nonrespondents are excluded from the analy-
sis, the results remain similar, but only establishments 
with 10–19 employees, which are positively related to 
participation after wave 8, are statistically significant 
(p < 0.05).

As before, we ran several sensitivity analyses for 
cumulative participation, including ignoring the design 
weights, running univariate regressions, and including 
several control variables. All of these analyses yielded 

results consistent with the previous findings (Additional 
file 1: Tables S11.2—S11.4). As another sensitivity check, 
we used the smaller set of categories for establishment 
size as in the models for reinterview participation (see 
Table  2) and these results were also consistent with the 
previous findings (Additional file  1: Table  S11.5). As a 
final sensitivity check, we added two interaction terms of 
establishment size and item nonresponse with cohort to 
investigate whether their respective effects differ between 
the cohorts (Additional file 1: Table S11.6). The interac-
tions are not significant in the regressions modeling par-
ticipation after wave 4 and wave 8 with the full sample, 
but after excluding the early nonrespondents there is a 
statistically significant (p < 0.1) positive effect of estab-
lishment size on participation after wave 8. However, 
the main conclusions from the previous analyses do not 
change.

Table  4 summarizes the results of the hypotheses 
for both the reinterview and cumulative participation 
analyses.

6  Discussion
This article examined panel participation trends in a 
long-running voluntary face-to-face panel survey of 
establishments, focusing on the annual cohorts from 
2001 to 2017. We examined changes in wave-to-wave 
reinterview response rates as well as cumulative response 
rates over several waves and used extensive administra-
tive data to analyze trends in panel nonresponse bias 
and determinants of short-term and long-term panel 
participation.

Regarding wave-to-wave reinterview participation, 
there were three main findings. First, reinterview rates 
increased over the first five waves of each cohort and 
remained mostly stable thereafter. Second, average rela-
tive reinterview nonresponse biases fluctuated over 
time but were generally rather small (below 7%) and the 
R-indicator value was around 0.8 in most waves of the 
cohorts, which corresponds with other research findings 
(Shlomo et al. 2013; Cornesse and Bosnjak 2018). Third, 
the strongest predictors of reinterview participation 
were interviewer change and item nonresponse. That 
is, changing the usual interviewer between two subse-
quent waves or not answering all survey questions in the 

Table 4 Results of the panel participation hypotheses

Hypotheses Reinterview participation Cumulative 
participation

H1: Lower likelihood of participation for larger establishments Partially supported Supported

H2: Lower likelihood of participation after an interviewer change Supported –

H3: Lower likelihood of participation after item nonresponse in a prior wave Supported Supported
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previous wave had a negative effect on reinterview par-
ticipation, as was hypothesized. The interviewer change 
finding is consistent with previous studies (Lemay and 
Durand 2002; Behr et al. 2005; Janik and Kohaut 2012).

Examining cumulative panel participation since wave 
1 also yielded three main findings. First, we showed that 
older cohorts (before 2007) have had steeper drops in 
cumulative response rates during the first six waves of 
the panel compared the same waves of younger cohorts, 
suggesting that the younger cohorts have been more dif-
ficult to recruit into the panel but easier to retain over 
time. Second, the average cumulative nonresponse bias 
clearly increased over time for all cohorts, though the 
pattern was mostly consistent across the corresponding 
waves. Similarly, the R-indicator values started at around 
0.8 in wave 2 and showed a decreasing trend only for the 
older cohorts (2001 to 2005). Third, the regression results 
revealed that item nonresponse was negatively related to 
long-term panel participation (after wave 4 or wave 8), 
which aligns with the survey literature (Loosveldt et  al. 
2002; Janik 2011). Furthermore, larger establishments 
with more than 100 employees were less likely to remain 
in the panel long-term, which is also consistent with pre-
vious research (Earp et al. 2018; Janik and Kohaut 2012; 
König et al. 2021; Küfner et al. 2022). All of these results 
were in line with our stated hypotheses.

The strengths of the present study include the long 
observation period, the analysis of multiple panel par-
ticipation perspectives, and the utilization of extensive 
administrative and survey data for estimating nonre-
sponse bias and testing hypotheses and determinants of 
panel participation. Nevertheless, it would have been 
beneficial for the regression analyses to include more 
factors related to the establishments’ decision-making 
processes described in the participation model from Wil-
limack and Snijkers (2013). For example, the 2001–2017 
IAB-EP includes no information about the person(s) who 
completed the interview(s), such as their demographics 
or position in the establishment. Nor do we know how 
many people in the establishment were involved in the 
panel participation decision or process. These aspects 
may help explain the temporal participation patterns we 
observed. Another topic for future research is evaluating 
the accuracy of establishment-level administrative data 
for the purpose of nonresponse bias analyses.

7  Conclusion
The study findings point to several practical implica-
tions for establishment panel survey research. First, 
motivating establishments to join and participate long-
term in a voluntary panel has become more challeng-
ing over time. Special efforts are needed to recruit and 
keep motivation levels high, particularly in the early 

waves where the majority of attrition occurs. Second, 
changing the interviewer who previously interviewed 
the establishment should be avoided to the extent pos-
sible, as this seems to have a detrimental effect on rein-
terview participation. If unavoidable, we recommend 
that survey organizations notify establishments that an 
interview change will take place beforehand, preferably 
conveyed by the former, familiar interviewer themself. 
And thirdly, our research points to opportunities for 
implementing tailored recruitment and engagement 
strategies to target establishments whose motivation 
to continue participating in the panel may be waning. 
For example, large establishments could be targeted for 
more intensive long-term recruitment efforts. Even in 
the short-term, information from the previous inter-
view, such as the presence of item nonresponse, may 
be used to identify establishments who are at risk of 
dropping out of the panel. Personal contact letters or 
telephone calls from the survey sponsor to the estab-
lishment’s survey representative or their superior 
thanking them for their previous participation and 
emphasizing the importance of their continued partici-
pation may be considered. Personal communications 
with the establishment could also be used to explore 
possible incentive structures that would help keep them 
engaged in the panel.
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Log odds of logistic regressions with hypotheses variables and interaction 
terms—cumulative participation.
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