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Combining survey data with biological information allows examining complex interrelationships between
a person’s physiological status and behavioral or health-related outcomes. Given the increasing importance
of online surveys and smartphone-based research, a crucial question is whether biomarker collection can be
embedded in online surveys without any face-to-face interaction. The present study addresses this question
and investigated participation rates and selective participation in a longitudinal hair collection study that was
embedded within an app-based smartphone panel survey on the well-being of German jobseekers. The study
further examined the association between participating in the first hair collection wave and panel attrition.
The results indicate that the vast majority (81%) of individuals was willing to participate in the first hair
collection wave with only a few selection effects. Only older age and higher levels of perceived stress were
modestly associated with the stated willingness to participate in the first hair collection wave. The strongest
selectivity was induced by the inevitable exclusion of individuals with short hair styles, which led to an
underrepresentation of men. Furthermore, respondents’ purported willingness to participate in the first hair
collection wave and their actual participation was largely disconnected. This lack of compliance decreased in
subsequent collection waves. Notably, participating in the first hair collection wave was positively related to
long-term panel participation. Overall, the study underlines the general feasibility of integrating biomarker
collections into online surveys.
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1 Introduction

Across the social and behavioral sciences, there is widespread
interest in the measurement of physical and mental health.
Often, questionnaire studies are the method of choice, as
they allow measuring health in an economical manner for
both respondents and researchers. While the subjective
nature of answers to questionnaire items is vital for as-
sessing a person’s mental well-being or experience of pain,
self-reports are limited when it comes to the measurement
of physical health. For this purpose, the collection of bio-
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logical measurements (hereafter referred to as biomarkers)
alongside questionnaire data has increased immensely in
recent times (Boyle et al., 2021; Sakshaug et al., 2015).
Compared to questionnaire data, biomarkers are less prone
to self-report distortions (e.g., social desirability bias), and
can point to medical conditions respondents are unaware
of. Combining questionnaire and biomarker data allows
for a better understanding of the complex interrelationships
between a person’s physiological status, physical and social
environment, behaviors, and health outcomes (Weinstein
et al., 2008).

While biomarkers have long been collected in clinical
studies, new assessment tools have made it possible to also
collect them in population-based field studies. For instance,
biomarker data were collected within add-on studies of
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large-scale panel surveys such as the US Health and Re-
tirement Study (HRS; Juster & Suzman, 1995), the UK
Household Longitudinal Study (UKHLS; University of Es-
sex, Institute for Social and Economic Research, 2022),
the Survey of Health and Retirement in Europe (SHARE;
Börsch-Supan et al., 2005), and the Dutch Longitudinal
Internet studies for the Social Sciences (LISS; Avendano
et al., 2011). Moreover, many biomarkers can be self-col-
lected by study participants without the assistance of in-
terviewers or nurses, which decreases collection costs and
time. For instance, hair samples can be easily self-collected
in the homes of the study participants. Such hair samples
may, for example, be used to determine hair cortisol con-
centration (HCC), which is a reliable biomarker of chronic
stress that is strongly linked to ill-health (Chrousos, 2009;
Heuser et al., 2003; Tafet & Nemeroff, 2016). The analy-
sis of HCC has gained increasing interest in the social and
behavioral sciences (Greff et al., 2019; Kirschbaum et al.,
2009; Lawes, Hetschko, Schöb, et al., 2022; Penz et al.,
2018; Schaafsma et al., 2021).

When biomarker data can be obtained without any face-
to-face contact with respondents, it might also be possible
to integrate biomarker collection into online surveys. Here,
an important distinction needs to be made between smart-
phone-integrated biosensors that are automatically collected
(Perry et al., 2018) and smartphone-based surveys that ask
respondents to manually collect the biomarker measure-
ments. In the present article, we focus on the latter. Online
surveys play an increasingly important role in the social
sciences as they can reduce response burden for partic-
ipants, allow convenient high-frequency measurements at
low cost, and can feature interventions, push-notifications,
and incentives (Miller, 2012). Integrating biomarker col-
lection into online studies also makes it possible to link
biomarker data with other innovative data sources. For ex-
ample, in smartphone-based studies biomarker data can be
linked to geolocation, movement patterns, browsing history,
communication behavior (Keusch et al., 2019), or momen-
tary mood assessments via the experience sampling method
(Hektner et al., 2007; OECD, 2013).

While the self-collection of biomarker material in online
surveys likely (i) lowers the cost of data collection, (ii) of-
fers the participants more flexibility and (iii) promises novel
data linkages, it also raises several concerns. First, the self-
collection of biomarker material in online surveys might be
too complicated for participants, resulting in low biomarker
participation rates (see Avendano et al., 2011). Second, par-
ticipation in the biomarker assessment could be highly se-
lective, which has substantial implications for the analysis
and the validity of the study conclusions. Third, concerns
arise in online panel studies when biomarker data are col-
lected over multiple time points. For instance, the effects
of participation burden can accumulate, which might po-

tentially increase dropout rates (Pashazadeh et al., 2021).
The present study examines the severity of these issues in
an add-on HCC study that was embedded in an app-based
smartphone panel survey without any face-to-face interac-
tion with its respondents. We begin by documenting past
research that has examined the described concerns with in-
tegrating biomarker collection within online surveys.

2 Background

2.1 Participation Rates in (Self-Collection) Biomarker
Studies

The first concern of integrating biomarker collection within
online surveys is that individuals might perceive the self-
collection of biomarker material as burdensome, unpleas-
ant, and intrusive, which could lead to low participa-
tion rates. This effect might even be amplified when the
biomarker collection is integrated in app-based surveys
as these are also known to yield low response rates (for
examples, see Hetschko et al., 2022; Jäckle et al., 2019;
McGeeney & Weisel, 2015). However, there is a lack of
empirical studies examining participation rates of self-
collected biomarkers that are integrated within app-based
surveys without face-to-face interaction. Initial evidence
comes from studies that have compared biomarker par-
ticipation rates with and without self-collection. These
studies indicate that surveys that involve self-collection of
biomarkers generally have lower biomarker participation
rates than those in which the biomarker is collected with
the assistance of a nurse or interviewer (Gatny et al., 2013;
Sakshaug et al., 2015). Avendano et al. (2011) reported
that only about 19% of invited individuals of a small pilot
study based on the LISS panel sent in self-collected blood
samples while 15% sent in self-collected saliva samples
for cortisol measurements. Similarly low participation rates
were found in a study by Etter and Bullen (2011), who
reported that only 16% of invited study participants sent in
a self-collected saliva sample. Somewhat higher participa-
tion rates were reported in a study by Gatny et al. (2013), in
which 65% of the invited individuals sent in a self-collected
saliva sample. Further evidence comes from studies that
investigated the extent to which panelists would be willing
to perform additional tasks in panel surveys (Boyle et al.,
2021; Revilla et al., 2019). These studies underline that
only a small fraction of panelists reported that they would
be willing to provide biomarker data (e.g., saliva sample,
blood pressure measurements) in addition to their survey
responses. Crucially, as these studies are based on hypo-
thetical willingness to perform additional tasks, they likely
still overestimate actual participation rates in biomarker
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collections as some individuals will generally not provide
their biomarker data even though they initially reported
that they would be willing to do so. Overall, the existing
research has therefore indicated that biomarker participa-
tion rates in population-based studies are low, particularly,
when the biomarker material has to be self-collected by
the respondents. To the best of our knowledge there are no
studies that have examined biomarker participation rates in
self-collection studies that are embedded in online surveys.

2.2 Selective Participation in (Self-Collection)
Biomarker Studies

The second concern is that biomarker participation in
self-collection biomarker studies could be highly selective
putting the validity of the analysis at risk. However, re-
search directly examining this issue is currently lacking.
Related insights come from several studies that have in-
vestigated patterns of selective participation in biomarker
studies in general. For example, Sakshaug et al. (2010)
found that Hispanics, people with low confidentiality con-
cerns and, notably, those with at least one doctor visit over
the last year were more likely to consent to the collection
of biomarkers in the HRS. Schonlau et al. (2010) further
reported that risk aversion and being male was associated
with a reduced willingness to participate in the collection
of buccal cells via cheek swabs and mouth wash from
pre-test participants of the German Socio-Economic Panel
Study (SOEP). Dykema et al. (2017) found that over 50%
of respondents of a mail-based survey as part of a separate
data collection in the Wisconsin Longitudinal Study (WLS)
provided a saliva DNA sample. In their multivariate anal-
yses, compliance was lower for females, those with lower
cognitive ability, and those whose past behavior indicated
resistance to survey participation. Gatny et al. (2013) also
found that below-average prior cooperation was associated
with a lower likelihood of complying with the request to
self-collect and mail-back a saliva sample. Moreover, Ford
et al. (2016) reported that Whites were more likely than
Blacks to participate in a combined ecological momentary
assessment and hair cortisol study conducted via face-to-
face visits. What is more, men are generally underrepre-
sented in hair collection studies as individuals with short
scalp hair cannot be considered (for reviews, see Russell
et al., 2012; Stalder & Kirschbaum, 2012). This underlines
the importance of differentiating between selective partici-
pation due to individuals’ preferences to take part in the
biomarker collection and eligibility criteria that must be
met in order to participate (e.g., availability of at least 2cm
strands of scalp hair for the analysis of hair cortisol).

The respondent’s personality traits might also influence
participation in biomarker studies as they have been linked

with study commitment (see e.g., Lugtig, 2014). Based on
research of the association between personality and the
likelihood of complying with follow-up requests in sur-
veys (Marcus & Schütz, 2005), one could, for example,
expect extraversion and openness to experiences to be pos-
itively associated with participating in biomarker collec-
tions. Lastly, the amount of spare time individuals have
might be related to the likelihood of biomarker participa-
tion. Related empirical evidence comes from Courvoisier
et al. (2012), who showed that within-day response rates in
an experience sampling study were lower during the work-
day (8am–5pm) than after the workday (after 5pm). In
sum, various person-level and situation-level characteris-
tics have been discussed as being related to the likelihood
of biomarker participation. However, empirical studies that
specifically focus on selective participation in self-collec-
tion biomarker studies that are embedded within online sur-
veys are currently lacking.

2.3 Biomarker Collection and Panel Attrition

The third concern with the self-collection of biomarkers that
are integrated in app-based panel surveys is that they poten-
tially increase participation burden and could thus lead to
higher dropout rates in the panel survey. Yet, it could also
be the case that the biomarker collection makes the study
participation more interesting and thus increases the com-
mitment to continued participation. Quasi-experimental ev-
idence on this issue comes from a study by Pashazadeh et al.
(2021), who found using UKHLS data that respondents who
participated in a nurse visit in wave 2 were less likely to
participate in wave 3 of the main survey compared to those
who were not invited to participate in the nurse visit. In-
terestingly, this effect was not observed in later waves. In
another quasi-experimental study, Gatny et al. (2013) found
that requesting and providing self-collected saliva samples
triggered by a life event did not negatively affect subsequent
participation in a panel study. In sum, the evidence on how
participating in biomarker collection affects panel attrition
is scarce and mixed. Thus, more research is needed to un-
derstand how the inclusion of biomarker self-collection in
longitudinal online surveys affects panel attrition.

3 The Present Study

The present study examines the feasibility of embedding
a self-administered hair collection study in an online panel
survey without any face-to-face contact. The study is based
on a large-scale, app-based smartphone panel survey that
combined questionnaire data on well-being and health
with assessments of HCC as a biomarker of chronic stress
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(Hetschko et al., 2022; Lawes et al., 2023). Based on three
research questions (RQ) and informed by the literature
discussed above we investigate (i) participation rates in the
HCC study, (ii) patterns of selective participation in the
HCC study, and (iii) the association of participating in the
first hair collection wave and attrition in the panel survey.

3.1 RQ1: Participation Rates in the HCC Study

The first goal of this study is to investigate participation
rates in the self-administered HCC collection study. We
examine both stated willingness to participate in the HCC
study as well as actual participation (i.e., sending in a hair
sample) in five hair collection waves.1 Specifically, we aim
to address the following research question:

RQ1: What proportion of individuals who participate
in an app-based smartphone panel survey indicate
their willingness to provide hair samples for cortisol
measurement, and which proportion of those actually
do so?

3.2 RQ2: Selective Participation in the HCC Study

The second goal is to examine individual and situational
characteristics that are related to both the stated willingness
to participate as well as actual participation in the HCC
study conditional on stated willingness. In particular, we
aim to address the following research question:

RQ2: What are individual and situational predictors
of (a) stated willingness to participate in the first col-
lection wave of the HCC study and (b) actual par-
ticipation in the first collection wave conditional on
willingness?

Based on the existing literature, we expect the likelihood
of participation in the HCC study to increase with higher
education and higher levels of perceived stress. Concerning
age and gender, the existing literature shows mixed evi-
dence (Dykema et al., 2017; Schonlau et al., 2010); thus,
we refrain from deriving specific expectations in terms of
these characteristics. Still, while the likelihood of partici-
pation might not differ across genders, we expect men to
be underrepresented in the HCC study as they generally
have shorter hair styles which do not always allow for hair
sampling. Moreover, we expect that individuals who are

1 Having said that, we do not analyze the reasons why certain indi-
viduals express a willingness to participate without following through
later on.

unemployed or expect to become unemployed are more
likely to participate in HCC collection as they may have
(or expect to have) more spare time compared to continu-
ously employed individuals. Based on the same reasoning,
fulltime employment and overtime work may reduce the
likelihood of participating. In addition, we explore whether
respondents’ personality is related to participation in the
HCC study.

3.3 RQ3: Participation in the First Hair Collection
Wave and Attrition in the Panel Survey

The third goal of this study is to investigate whether partic-
ipating in the first hair collection wave is related to panel
attrition in the general smartphone survey. Specifically, we
examine the relationship between participating in the first
hair collection wave and panel attrition. In the process we
control for the percentage of answered survey items dur-
ing the first survey wave as a proxy for general motivation
to participate which could influence both participation in
the first hair collection wave as well as continued survey
participation over many months. Thus, our third and final
research question is:

RQ3: Does participating in the first hair collection
wave predict long-term panel survey participation?

4 Methods

We used data from the German Job Search Panel (GJSP;
Hetschko et al., 2022) to address the three research ques-
tions. The GJSP is a monthly app-based smartphone panel
survey on the well-being and health of recently registered
German jobseekers. The study protocol of the GJSP was
approved on December 13, 2017, by the ethics committee
of the Department of Education and Psychology at Freie
Universität Berlin.

4.1 Sample and Data Collection

From November 2017 to May 2019, a total of 127,836 in-
dividuals aged between 18 and 60 years who registered as
employed jobseekers2 in the German unemployment insur-
ance system were invited to participate in the GJSP over the

2 In Germany, employees are obliged to register as jobseekers at least
three months prior to the expected day of their job loss to qualify for
unemployment benefits (or within three days if they learn about the
job loss later). Otherwise, a cut-off period for unemployment benefit
receipt might apply.
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course of up to two years. Of these identified jobseekers,
79,710 were invited because they were likely to be affected
by a mass layoff,3 whereas the remaining 48,126 individuals
registered as jobseekers for a different reason (e.g., expir-
ing contract). Until June 2018, all individuals were invited
to participate in the study via a postal letter. Between July
2018 and October 2018, individuals who had provided an
email address to the German Federal Employment Agency
were invited via email, whereas the remaining individu-
als were invited via postal letter. Beginning in November
2018, individuals who had provided an email address were
invited either by postal letter, email, or pre-announcement
letter followed by an email for the purpose of another study
(for details see Lawes, Hetschko, Sakshaug, et al., 2022).
All other individuals were invited via letter during this time.
To determine their eligibility for the study, individuals who
were interested in participating in the GJSP could fill out
an online entry survey via a downloadable survey app on
a smartphone or using a web interface within 10 days after
receiving the study invitation. 1540 individuals were in-
cluded in the GJSP and filled out at least one questionnaire
after the entry survey (see Figure S1 in the supplementary
materials for a flowchart). Aggregate non-response bias for
the final GJSP sample is small (for details see Hetschko
et al., 2022).

The GJSP was carried out via a custom smartphone
app developed by the App Research Organization (ARO),
which ran on Android and iOS (Ludwigs & Erdtmann,
2019). Participants received monthly questionnaires on up
to eight consecutive days via the app. The questionnaires as-
sessed a wide range of psychological constructs and work-
related variables (Hetschko et al., 2022). Crucially, individ-
uals were informed by the study website and the recruitment
flyer about the opportunity to participate in an add-on study
on cortisol (for details see Material S1 in the supplemen-
tary files). It was made clear that participation in the cortisol
study was not required and did not affect the eligibility to
participate in the survey part of the GJSP.

4.1.1 Hair Collection Procedure

On the seventh measurement day of the first monthly sur-
vey wave (Q1), the survey app notified respondents about

3 One aim of the recruitment process was to oversample people who
registered as a jobseeker due to a mass layoff. To identify potential
mass layoffs, we applied the thresholds for a notifiable mass layoff ac-
cording to § 17(1) of the German employment protection act (Kündi-
gungsschutzgesetz): > 5 layoffs in plants with 21 to 59 employees, 10%
layoffs in plants with 60 to 250 employees, > 25 layoffs in plants with
251 to 499 employees, ≥30 layoffs in plants with 500 or more employ-
ees. In addition, we assume a mass layoff in a plant of ≤20 employees
if the staff reduced by more than five people.

the role of hair cortisol as a biomarker of stress, the hair
collection procedure, the additional data protection in place
for the HCC study, the voluntary nature of the participation
in the HCC study, and the incentive for participation in this
add-on study (for details see Material S2 in the supplemen-
tary files). Respondents could then indicate via the survey
app whether they were willing to participate in the HCC
study. In a second step, all individuals who indicated their
willingness were screened for eligibility via the app. Indi-
viduals who reported that their hair was shorter than 2cm
or that they took cortisone-based medication were deemed
ineligible and excluded from the HCC study. In a third step,
willing and eligible individuals were asked to provide their
mailing address so that hair collection kits could be sent
out via mail by the ARO. These kits contained instructions
for hair removal, loops to fixate the hair strands, aluminum
foil for dry and dark shipping, a prepaid return envelope,
and a paper-pencil questionnaire to assess factors that may
confound hair cortisol values, such as cortisone-based med-
ication (for details see Material S3 in supplementary files).

Respondents were asked to send three hair strands (each
with an overall diameter of at least 3mm) to the research
team via mail within 10 days after receiving the hair col-
lection kit. Individuals who were willing and eligible for
hair cortisol collection in Q1 received the same set of ques-
tions concerning willingness and eligibility for hair cortisol
collection on a quarterly basis within the first survey year
(i.e., in Q2, Q3, Q4, and Q5) regardless of whether or not
they actually sent in any hair samples in Q1. Individuals
who were unwilling or ineligible for the HCC study in Q1
were excluded from later hair collection waves and did not
receive the HCC questionnaires anymore. Except for a few
months at the end of the GJSP, hair collection kits were no
longer sent out to individuals who had missed a previous
HCC collection wave even if they were willing to partici-
pate and eligible. This was done in order to avoid gaps in
the panel data and to maximize the number of hair samples
that could be analyzed given the research budget. Toward
the end of the GJPS funding period, some money was left
over which we used to also analyze hair samples of indi-
viduals who had previously missed a hair sample collection
wave. Respondents received a 10 euros cash incentive in
the form of a bank transfer or Amazon voucher for each
hair sample they sent in. Moreover, individuals could re-
ceive feedback concerning their HCC if they participated
in the GJSP for at least two years.

Hair samples were analyzed by the biolaboratory Dres-
den Lab Service using immunoassays to obtain the cortisol
concentration in the 3cm hair segments closest to the scalp.
Only very few samples did not contain sufficient material
and had to be discarded (6 out of 2303 samples). Details
about hair cortisol analyses are summarized by Greff et al.
(2019).
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4.2 Analysis Strategy

To address RQ1, we computed the proportions of indi-
viduals participating and not participating due to differ-
ent reasons in the five quarterly hair collection waves.
To address RQ2 and RQ3, we ran several regression
analyses, which will be explained below. All analyses
were run in R (version 4.1.1; R Core Team, 2017) and
all scripts and model results are available in the on-
line repository of this study (https://osf.io/mt2q4/?view_
only=debaee45862445a9b0b38f8710f1143c). The word-
ings of all items used in the analysis are presented in
Material S4 of the supplementary materials.

4.2.1 Selective Participation in the HCC Study (RQ2)

We used logistic regression models to investigate whether
individual and situational characteristics were related to
(i) the stated willingness to participate in the first HCC
collection wave and (ii) actual participation (i.e., sending
in hair) conditional on willingness. Two separate dummy
variables were constructed: The first variable was coded
as 1 if individuals indicated that they were generally will-
ing to participate in the first HCC collection wave, and 0 if
not (willingness). The second variable was coded as 1 if an
individual sent in their hair in the first HCC collection wave
and 0 if a hair collection kit had been sent out, but no hair
sample was sent back (sent in hair sample). This way, the
second outcome (i.e., sent in hair sample) is conditional on
being eligible and a hair collection kit having been sent out.
As independent predictor variables, we used the following
measures that were all assessed in Q1.

Age, Gender, and Education. Respondents’ age and gender
were collected during the entry survey of the main study.
Gender was assessed with the following three categories:
female, male, and other. As a proxy for the level of edu-
cation, a dummy variable was defined capturing whether
respondents have a tertiary degree (i.e., an academic de-
gree) or not.

Perceived Stress. Perceived stress was assessed by asking
respondents to indicate how often they felt ‘overburdened’
and ‘stressed’ within the last week. Individuals could re-
spond to both items on a five-point rating scale ranging from
(1) rarely or none of the time (less than 1 day), (2) some or
a little of the time (1–2 days), (3) occasionally or a moder-
ate amount of time (3–4 days), (4) most or all of the time
(5–7 days), or (5) don’t know. Don’t know answers were
coded as missing values. The individual-specific average
across the two items was transformed into percent of max-
imum possible scores (POMP; Cohen et al., 1999), which

range from 0 to 100 and can be interpreted in terms of
percentage points.

Personality. Personality was assessed using the Big Five
Inventory-SOEP (BFI-S; Schupp & Gerlitz, 2014), which
measures the Big Five personality dimensions neuroticism,
extraversion, openness, agreeableness, and conscientious-
ness with three items each. Respondents indicated on
a seven-point rating scale ranging from (1) not at all to
(7) completely to what extent different statements (e.g.,
‘I am a person who works thoroughly.’) describe them.
All negatively worded items were reverse-coded and the
item scores were averaged across all items of a personality
dimension to obtain a scale score for each subject. Analo-
gous to the perceived stress variable, the scale scores were
transformed into POMP scores.

Working Hours. Respondents were asked to indicate their
contractually agreed weekly working hours. If these ranged
between 0 and 15, the employment was classified as
marginally employed. If the working hours were between
15 and 35, the employment was classified as part-time, and
if they were more than 35h, full-time. Individuals without
a contractually stipulated number of working hours were
classified as individuals with flexible working hours. More-
over, a dummy variable was created that indicated whether
or not individuals worked overtime.

Employment-Related Expectations. As measures of the an-
ticipated employment situation in the future, respondents
were asked to rate on an 11-point scale ranging from 0% to
100% how likely they thought that several employment-re-
lated changes will occur within the next six months (for
items see SOEP; Wagner et al., 2007). Specifically, re-
spondents were asked how likely it is that they will look
for a new position, actually lose their job, give up their
current profession and start another one, become self-em-
ployed, substantially change their working hours, or give
up working completely. For each of these employment-re-
lated expectations dummy variables were defined indicating
whether or not the perceived likelihood of the event was
50% or greater.

Separately for the two outcomes (i.e., willingness, sent in
hair sample), we first ran bivariate regressions for each of
the predictor variables. Then, the predictor variables were
incorporated step-by-step in a series of multiple logistic re-
gression models. In Model 1 self-reported perceived stress,
age, gender, and education were included. Model 2 addi-
tionally included the personality variables, whereas Model 3
additionally included the working hours and employment-
related expectations. Moreover, an overall model was fit-
ted that included all predictor variables simultaneously to
mutually control for the various characteristics (Model 4).

https://osf.io/mt2q4/?view_only=debaee45862445a9b0b38f8710f1143c
https://osf.io/mt2q4/?view_only=debaee45862445a9b0b38f8710f1143c
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All models also contained the following control vari-
ables to account for study-specific features that might re-
late to participation. Most importantly, we controlled for
the percentage of answered survey items during Q1 (in
what follows, item response rate) as a general indicator
of study compliance because we expect it to be related to
the individual and situational characteristics as well as the
likelihood to participate in the HCC study. Moreover, be-
cause different contact modes were used to recruit subjects
for the GJSP and these contact modes are known to affect
signup and participation rates (Lawes, Hetschko, Sakshaug,
et al., 2022), we included dummy variables indicating with
which contact mode subjects were recruited. Lastly, we in-
cluded a dummy variable indicating whether a respondent
was recruited within the mass layoff sample or not in or-
der to control for the sampling procedure. All continuous
variables were grand mean centered so that the intercepts
of the models can be interpreted as the predicted logit for
individuals with average values on the continuous covari-
ates and values on the categorical variables that correspond
to the reference categories.

The sample for all models was restricted to individuals
without missing values on the covariates to ensure that the
results are based on the same individuals across models.
Importantly, missing values were rare so that for analyses
of the outcome willingness only 77 (5%) individuals had
to be dropped and for the outcome sent in hair sample 32
(4%) individuals had to be dropped. Thus, the analyses were
based on N = 1316 individuals for the outcome willingness
and N = 737 individuals for the outcome sent in hair sample.

4.2.2 Participation in the First Hair Collection Wave
and Attrition in the Panel Survey (RQ3)

In a third step, we examined whether participating in the
first hair collection wave was associated with panel attrition
in the main survey. Specifically, we characterized respon-
dents’ participation in the first hair collection wave using
the following categories: not willing to participate (refer-
ence category), willing but not eligible, willing and eligible
but no hair collection kit was sent out, hair collection kit
was sent out but no hair sample was sent in, hair sample
was sent in. We used a categorical variable describing these
groups in separate logistic regression models to predict two
dummy outcome variables indicating whether individuals
were still responding to the survey questions after 13 and
25 months. In particular, month 13 was the last collection
wave of the HCC study and month 25 was the last regular
wave of the GJSP. In these models we, again, controlled
for the (grand mean centered) item response rate during
Q1 (in %) as a general indicator of survey motivation. In
this way, we aimed at ruling out that a measured commit-

ment effect of participating in the HCC study on continued
survey participation originates, in fact, from a higher gen-
eral motivation to comprehensively participate in surveys.
Moreover, we again considered the contact mode and the
sample information (i.e., mass layoff vs. no mass layoff)
as study-specific control variables. Both regression models
were based on all individuals who responded to the HCC
questionnaire in Q1 (N = 1393).

5 Results

5.1 Participation Rates in the HCC Study (RQ1)

The participation outcomes for the five hair collection
waves are illustrated in Table 1 and in Figures S1 (first
wave) and S2 (all five waves) of the supplementary ma-
terials. Out of the 1540 individuals who started the GJSP,
1393 (90%) completed the questionnaire containing the
willingness and eligibility items for the HCC study in Q1.
One subject closed this questionnaire before answering the
question on hair length. Of the remaining individuals, 1139
(82%) indicated their willingness to participate in the HCC
collection wave. Among all willing individuals, 299 (26%)
had to be excluded due to short hair (N = 197) or cortisone-
based medication (N = 102), resulting in 840 eligible indi-
viduals. Of these, 71 (8%) did not provide a valid mailing
address to receive the hair collection kit. Therefore, a total
of 769 hair collection kits were sent out to eligible individ-
uals during Q1. Of these, 445 (58%) were sent back with
hair samples. In Q2, the second quarterly HCC collection
wave, 404 hair collection kits were sent out to willing and
eligible individuals, and 284 (or 70%) hair samples were
received. In Q3, 219 out of 274 (or 80%) hair samples were
received, in Q4, 181 out of 212 (or 85%), and in Q5, 133
out of 147 (or 90%), indicating an increasing percentage of
returned hair collection kits in each subsequent wave while
overall participation in the hair collection decreased.

5.2 Selective Participation in the HCC Study (RQ2)

Table 2 depicts descriptive statistics for all predictor vari-
ables for different subgroups based on participation in the
first hair collection wave. It illustrates that individuals who
sent in their hair samples in Q1 reported an average of
3-percentage points higher perceived stress levels and were
roughly one year older compared to the overall GJSP re-
spondent sample. Moreover, the share of females and indi-
viduals with a tertiary degree was higher in the group of in-
dividuals who sent in their hair samples in Q1 compared to
all GJSP respondents. Table 3 presents the results of the lo-
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Table 1

Conditional Participation Rates in the Five HCC Collection Waves (Q1–Q5)

Q1 Q2 Q3 Q4 Q5

% N % N % N % N % N

Among individuals still actively participating in the GJSP survey

Did not respond to HCC questionnaire 9 138 a 3 29 1 12 4 33 2 15

Excluded because not willing or eligible in Q1 – – 37 415 37 351 36 323 36 299

Submitted the HCC questionnaire 91 1393 60 664 62 599 60 540 62 514

Among individuals who submitted the HCC questionnaire

Not willing to participate in hair collection 18 254 24 161 32 192 31 167 32 165

Willing to participate in hair collection 82 1139 76 503 68 407 69 373 68 349

Among individuals willing to participate in the hair collection

Not eligible due to cortisone-based medication 9 102 2 10 5 19 5 17 8 29

Not eligible due to short hair 17 197 6 28 6 26 9 33 9 30

Eligible for hair collection 74 840 92 465 89 362 87 323 83 290

Among individuals eligible for hair collection

No hair collection kits were mailed outb 9 71 13 61 24 88 34 111 49 143

Hair collection kits were mailed out 92 769 87 404 76 274 66 212 51 147

Among hair collection kits that were mailed out

No hair sample was sent in 42 324 30 120 20 55 15 31 10 14

Hair sample was sent in 58 445 70 284 80 219 85 181 90 133

a Nine individuals did not fill out any survey questions in Q1
b For most parts of the study, hair collection kits were not sent out to individuals who had missed a previous HCC collection wave. Moreover,
some individuals provided invalid address information in which case no hair collection kit was sent out

gistic regression analyses. The results show that individuals
who reported higher stress levels as well as older subjects
were more likely to indicate their willingness to participate
in the first hair collection wave. Further, better survey par-
ticipation in Q1 (indicated by higher item-level response
rates) was positively associated with self-rated willingness
to participate in the first HCC collection wave. Among in-
dividuals who were recruited after June 2018 and who had
provided an email address during their job seeking registra-
tion, those who were contacted via some form of physical
letter (i.e., letter or preannouncement letter plus email) were
more likely to indicate their willingness to participate in the
first HCC collection wave than individuals who were con-
tacted via email. Moreover, individuals who were recruited
until July 2018 (i.e., via letter) were more likely to indicate
their willingness to participate in the first HCC collection
wave than individuals who were contacted via email after
June 2018. These results were consistent across the differ-
ent model specifications. The other individual or situational
characteristics (e.g., gender, education, personality, current
employment situation) were not consistently related to self-
rated willingness to participate in the first hair collection
wave.

Among the willing and eligible individuals who received
a hair collection kit in Q1, age and survey participation rates
at Q1 were positively related to the likelihood of actually
sending in a hair sample. The other individual and situa-
tional characteristics were not consistently associated with
the likelihood of sending in a hair sample. Again, these re-
sults are robust across the subsetted models (i.e., bivariate,
model 1–3) and the full model (model 4).

5.3 Participation in the HCC Study and Attrition in
the Panel Survey (RQ3)

Table 4 presents the results of the logistic regression analy-
sis for predicting continued panel participation in the GJSP.
The results indicate that individuals who sent in their hair
sample during Q1 were significantly more likely to still ac-
tively participate in the survey after one year (b = 1.375, p <
0.001) and after two years (b = 1.164, p < 0.001) compared
to individuals who indicated that they were not willing to
participate in the first HCC collection wave. This might
reflect a generally high motivation to participate compre-
hensively in the study or a commitment effect originating
from participating in the HCC study. Interestingly, individ-
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uals who indicated their willingness to participate in the
first hair collection wave but who had to be excluded from
it due to a short hair style or the intake of cortisone-based
medication were also more likely to still actively partici-
pate in the survey after 13 months (b = 0.586, p = 0.001)
and 25 months (b = 0.734, p < 0.001) compared to indi-
viduals who were unwilling to participate in the first HCC
collection wave. For these individuals, a commitment effect
originating from active participation in the HCC study can
be ruled out. However, when comparing the two groups of
willing individuals with each other, those who sent in their
hair sample during Q1 were still significantly more likely to
actively participate in the survey after one year (b = 0.789,
p < 0.001) and after two years (b = 0.430, p = 0.006) than
those who indicated their willingness to participate but had
to be excluded due to not meeting the eligibility criteria
(post-estimation test not shown in Table 4). This holds true
even though the item response rate at Q1 was controlled
for.4 Lastly, individuals who were recruited into the GJSP
during the earlier months of the GJSP (i.e., via letter) were
less likely (b = –0.849, p < 0.001), whereas individuals con-
tacted via pre-announcement (b = 0.467, p = 0.003) were
more likely, to still participate in the survey after one year
compared to individuals contacted via email.

6 Discussion

This is the first study that examined the feasibility of in-
corporating a self-collection biomarker study into an on-
line panel survey without any face-to-face interaction with
its respondents. Specifically, we investigated participation
rates and patterns of selective participation in a longitudinal
hair cortisol concentration (HCC) study that was embedded
within an app-based smartphone panel survey on the well-
being and health of German jobseekers. Further, we exam-
ined whether participating in the first hair collection wave
was associated with panel attrition in the survey.

6.1 Participation Rates in the HCC Study (RQ1)

The vast majority (82%) of respondents indicated that they
were willing to participate in the first hair collection wave.
After excluding individuals with short hair (17%) and indi-
viduals who took cortisone-based drugs (9%), about 74%
percent of individuals who indicated their willingness to

4 Consistent with our notion that the survey item response rate dur-
ing Q1 is a suitable proxy measure of general study compliance, the
regressions indicated that it was positively related to the likelihood of
continuously participating in the survey after 13 months (b = 0.032, p <
0.001) and 25 months (b = 0.025, p = 0.009).

participate in the HCC study also met the eligibility crite-
ria. As expected, these eligibility-based exclusions resulted
in some selectivity. Specifically, the share of females in the
samples increased from 52% to 62%. This finding is in line
with previous studies and shows an important drawback of
hair sampling studies, namely that individuals with short
hair styles cannot participate.

Another important finding of this study was that among
all willing and eligible individuals who received a hair col-
lection kit only 58% followed through and eventually sent
in their hair samples in the first hair collection wave. Reas-
suringly, the return rates in the subsequent quarterly HCC
collection waves were higher (i.e., ranging from 70–90%)
even though overall participation decreased over time. This
observed increase in the return rates likely originated from
different processes. First, it is likely that many participants
knew better what to expect from the hair collection proce-
dure after having participated in it at least once before, so
that they were more likely to only indicate their willingness
to participate in the later hair collection waves if they really
intended to send in their hair samples. Empirical evidence
for this explanation comes from the lower proportions of in-
dividuals who expressed their willingness to participate in
later hair collection waves. A second reason for the higher
return rates in later hair collection waves is that hair col-
lection kits were generally only mailed out to individuals
who had not missed a past hair collection wave, so that
only previously compliant individuals could participate in
the later waves of the HCC study.

6.2 Selective Participation in the HCC Study (RQ2)

The stated willingness to participate in the first hair collec-
tion wave was selective to a limited extent. Older individu-
als as well as individuals with higher self-reported levels of
perceived stress were more likely to express their willing-
ness to participate in the first hair collection wave. These
results are in line with our expectations as well as existing
research by Sakshaug et al. (2010) in that individuals with
pronounced self-rated levels of the outcome variable mea-
sured by the biomarker (here: stress) were more likely to be
willing to participate in the biomarker collection. The posi-
tive effect of age on the stated willingness to participate in
the HCC study is further consistent with findings reported
by Schonlau et al. (2010). Importantly, these selection ef-
fects were comparably small in our study, which becomes
apparent when the logit coefficients are transformed into
odds-ratios. In particular, an individual who is 10 years
older than a person with otherwise identical values on the
covariates is predicted to be only 1.3 times more likely to
indicate their willingness to participate in the HCC col-
lection. Analogously, a person who indicates a one-cate-
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gory greater stress level on a four-point rating scale (i.e.,
25 POMP scores) is predicted to be only 1.2 times more
likely to express a willingness to participate in the HCC
study than a person who has identical values on the other
covariates. Crucially, against our expectations none of the
other individual-level or situational characteristics exam-
ined in this study (i.e., personality, employment situation,
time availability) consistently predicted the stated willing-
ness to participate in the HCC study. When it comes to
actual participation in the HCC study (and not merely hy-
pothetical willingness to participate), only age was weakly
and positively related to the likelihood of actually sending
in hair samples after having received a hair collection kit.
Thus, overall, these results are reassuring and indicate only
limited selectivity in terms of both the general willingness
to participate in the HCC study as well as actual participa-
tion after having received the hair collection kit. Put differ-
ently, while some individual characteristics are predictive of
participation in the GJSP generally (Hetschko et al., 2022),
participation in the HCC add-on study is hardly selective
above and beyond that.

6.3 Participation in the HCC Study and Attrition in
the Panel Survey (RQ3)

Our study suggests that participating in the first hair col-
lection wave was negatively associated with panel attrition.
Specifically, individuals who sent in their hair samples in
the first collection wave were roughly four times more likely
to still participate in the panel study after one year than
those who indicated that they were generally not willing to
participate in the first hair collection wave (but had identi-
cal values on the other covariates). Importantly, this large
positive effect was present even though an indicator of gen-
eral study compliance in the first survey wave were con-
trolled for. Moreover, individuals who indicated that they
were willing to partake in the first hair collection wave but
were excluded due to short hair or the intake of cortisone-
based medication were also more likely to remain active in
the smartphone survey compared to individuals who were
not willing to participate in the first hair collection wave.
Crucially, however, individuals who actually participated in
the first hair collection wave were more likely to still par-
ticipate in the panel survey after one and two years than
willing individuals who had to be excluded. Thus, whereas
the willingness to participate in the first hair collection wave
was already related to survey compliance, actually partici-
pating in it seems to be an even stronger predictor of long-
term survey participation. In contrast, individuals who did
not send in hair after having received the hair collection
kit were just as likely to stop participating in the survey
after one and two years as individuals who were not will-

ing to participate in the first collection wave making these
behaviors important warning signs of future dropout. Thus,
the concern that participation burden accumulates among
respondents who participate in a biomarker add-on study
(Pashazadeh et al., 2021) may be unwarranted. Rather, our
study suggests the opposite, namely that participating in
the biomarker study might actually increase commitment
to a survey. While our study provides initial evidence for
this effect, more studies that are specifically designed to
investigate how embedding biomarker studies in panel sur-
veys affect long-term panel participation are needed.

6.4 Implications for Applied Researchers

The study underlines that it is possible to recruit subjects
for a HCC study via a smartphone app without any face-
to-face interaction. This valuable feature makes the recruit-
ment process and the biomarker collection itself highly ef-
ficient and is likely to generalize to other biomarkers that
can be self-administered (e.g., nasal swaps, see Akmatov
& Pessler, 2011; saliva, see Fernandes et al., 2013). More-
over, survey respondents’ general willingness to participate
in the HCC study appeared to be high and hardly selective.
The strongest selectivity was induced by the inevitable ex-
clusion of individuals with short hair styles, which lead
to an underrepresentation of men. Thus, before conducting
biomarker studies researchers should explore the specific
requirements of collecting different biomarkers to minimize
exclusion-based selection effects. In terms of hair sample
collection, for example, researchers could inform the par-
ticipants about the planned hair collection dates in advance
so that participants can plan their haircuts accordingly. Fur-
ther, applied researchers might want to analytically correct
for selection effects (e.g., through weighting) when analyz-
ing the data of hair collection studies.

Another central finding of this study is the large incon-
gruence between respondents’ purported willingness to par-
ticipate in the HCC study and their actual participation (i.e.,
sending in hair). Even though this issue is in line with exist-
ing studies (e.g., Bosnjak et al., 2005; Struminskaya et al.,
2021), it seems particularly severe in our study. We would
have expected roughly twice as many hair samples to be col-
lected during the first collection wave based on the stated
willingness to participate in the HCC study. Somewhat re-
assuringly, the return rates increased in subsequent col-
lection waves (while overall participation rates decreased).
Thus, researchers considering to explore the feasibility of
biomarker collection simply by asking survey respondents
about hypothetical willingness should be cautious and keep
in mind that a significant share of respondents who osten-
sibly indicate that they are willing to participate will likely
not actually send in biomarker material. Therefore, applied
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researchers should motivate eligible individuals to follow
through on their willingness to participate. This challenge
seems especially relevant for online biomarker studies that
lack any face-to-face interaction with subjects. To maximize
the participation researchers could also send the biomarker
collection kits to all potential participants, instead of asking
for willingness first. This approach has the advantage that
participants have access to all information about the col-
lection procedure before they have to decide whether they
are willing to participate in the biomarker collection. How-
ever, this approach will likely also increase costs (more kits
would need to be shipped) and could raise ethical concerns.

Finally, the present study indicates that participating in
the first hair collection wave was positively related to long-
term panel participation even when controlling for general
study compliance. Thus, integrating biomarker collections
into panel surveys might not only allow for collecting in-
formative data for research but also make the survey more
interesting and attractive for long-term participation. On the
contrary, not taking part in the biomarker collection might
be an important warning sign of future attrition, allowing
researchers to flag individuals who may require further mo-
tivation to continue participating in the survey (e.g., through
additional incentives).

6.5 Limitations and Future Research

The present study was embedded in a large smartphone
panel survey of a diverse population and can thus present
insights into the feasibility and participation patterns of con-
ducting an online HCC study without any face-to-face in-
teraction with its respondents. However, the survey was not
directly designed to examine why individuals (did not) par-
ticipate in the hair collections. Studies with detailed ques-
tionnaires or in-depth qualitative interviews investigating
the motivation and rationales of individuals are thus needed
to further understand the underlying processes. In particu-
lar, it seems important to explain why numerous people
were willing to participate in the HCC study at first, but
then did not follow through with sending in samples. Ad-
ditionally, further research is needed to investigate ways to
effectively design the materials to inform the participants
about the hair collection procedure, simplify the collection
as much as possible for them as well as provide support if
they encounter any problems.

Moreover, it would be interesting to follow up on the
finding that participating in the first hair collection wave
was positively associated with long-term panel participa-
tion. Specifically, it would be valuable to directly exam-
ine whether participating in an add-on biomarker collection
study actually increases overall commitment to the panel
survey or if generally highly committed individuals are just

more likely to participate in the hair collections. Causal
identification in this manner might be achieved through an
experimental setting where only a random subsample is in-
vited to participate in the biomarker study (see Pashazadeh
et al., 2021). Lastly, an important avenue for future research
is to examine ways to collect other biomarkers (e.g., saliva,
blood spots/pressure) anonymously through self-adminis-
tered surveys. Such insights would open up new possibil-
ities to effectively collect biomarkers in large-scale panel
surveys, which may then lead to a differentiated measure-
ment of health and a more holistic understanding of health-
related correlates.
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