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Abstract To study human behavior, social scientists are increasingly
collecting data from mobile apps and sensors embedded in smart-
phones. A major challenge of studies implemented on general popula-
tion samples, however, is that participation rates are rather low. While
previous research has started to investigate the factors affecting
individuals’ decision to participate in such studies, less is known about
features of the study design which are under the researcher’s control
and can increase the acceptance of smartphone-based data collection
methods. Guided by the Technology Acceptance Model, we varied
study characteristics in a vignette experiment to examine their effect
on individuals’ willingness to download a research app on their smart-
phone. Data were collected from 1,876 members of the NORC
AmeriSpeak Panel, a probability-based panel of the general population
aged 18+ in the United States. Respondents were randomly assigned
to eight vignettes and, after each vignette, were asked to rate their will-
ingness to participate in the described hypothetical study. The results
show that individuals are more willing to participate in smartphone-
based studies where they have some control over the data collection
process, by having the option either to temporarily switch off the data
collection or to review the data before submission. Furthermore, they
are more willing to participate in research to which they are invited via
postal letter rather than receiving a postal letter plus a phone call from
an interviewer who walks them through the app installation. Finally,
unconditional incentives increase their willingness to engage with
smartphone-based data collection over conditional incentives.
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Smartphone-Based Data Collection

Social scientists increasingly use smartphones for collecting data about
people’s attitudes and behaviors (Link et al. 2014; Harari et al. 2016;
Struminskaya et al. 2020a). Smartphones allow researchers to administer
survey questions to respondents and, at the same time, passively collect be-
havioral data from the smartphone’s operating system and built-in sensors.
This integration of survey- and sensor-based methods of data collection has
substantial benefits for measurement (Struminskaya et al. 2020a; Keusch and
Conrad 2022; Keusch and Kreuter 2022): passively collected sensor data
have the potential to improve the measurement of behaviors by providing
more detailed as well as more objective data that are not susceptible to recall
error, social desirability bias, and other prevalent errors in self-reports.
Survey data, in turn, can provide relevant contextual information about these
behaviors, such as attitudes or behavioral intentions, which cannot be in-
ferred from the sensor data.

While most previous smartphone-based studies have relied on small
convenience samples that were recruited from special populations, such as
college students, an increasing number of studies have started to implement
mobile app and sensor data collection in larger samples of the general pop-
ulation (e.g., Scherpenzeel 2017; Jickle et al. 2019; Kreuter et al. 2020;
McCool et al. 2021; Struminskaya et al. 2021). A major limitation of exist-
ing studies, however, is that participation rates are rather low. The IAB-
SMART study, for example, which recruited participants from a household
panel survey of the residential population aged 154 in Germany to mea-
sure the effects of long-term unemployment on social integration and social
activity using a smartphone app, achieved a participation rate of only 14.5
percent (Keusch et al. 2022). Other smartphone-based studies in the gen-
eral population reported participation rates in a similar range (e.g.,
Scherpenzeel 2017; Jackle et al. 2019; McCool et al. 2021; Struminskaya
et al. 2021). Realizing the potential of these emerging data collection meth-
ods for population inference critically depends on the ability to get larger
parts of the population engaged with these forms of data collection.
Nonparticipation bias is an additional concern and might arise if sample
members who are willing to participate in smartphone-based data collec-
tion are different on the outcomes of interest from those not willing to par-
ticipate. In this paper, we report the results from a vignette experiment
conducted in a probability-based panel of the general population in the
United States to examine the effect of different study characteristics that
are under the researcher’s control on individuals’ willingness to download
a research app on their smartphone.
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Barriers to Participation in Smartphone-Based Studies

Several potential barriers might prevent sample members from participating
in mobile app and sensor data collection (Jickle et al. 2019; Wenz, Jickle,
and Couper 2019). An initial barrier is access to a smartphone (Couper et al.
2018; Antoun et al. 2019; Keusch et al. 2023). Among smartphone users, a
second potential barrier is their ability to use their device for the requested
data collection task (Roque and Boot 2018). A final potential barrier is peo-
ple’s willingness to give consent for data sharing and engage in the requested
data collection task (Keusch et al. 2019; Wenz et al. 2019). While previous
research has started to address the first two barriers (e.g., Scherpenzeel 2017;
York Cornwell and Cagney 2017; Sugie 2018), the mechanisms affecting
individuals’ decision to participate in mobile app and sensor data collection
are not yet fully understood. Thus far, studies have shown that not only re-
spondent characteristics but also features of the study design, such as the
type of organization sponsoring the study or the duration of the data collec-
tion period, can influence people’s stated willingness to engage in
smartphone-based data collection (e.g., Keusch et al. 2019; Struminskaya
et al. 2020b). Less is known about features of the data collection that are un-
der the researcher’s control and can be modified to increase the acceptance
of smartphone-based data collection methods, such as the format of the study
invitation or the types of incentives provided to participants, and how they
interact with respondent characteristics.

In the next section, we review the related work on mechanisms affecting
individuals’ decision process for participating in smartphone-based data
collection. We then present our hypotheses and the design of the vignette
experiment. To test the hypotheses, we analyze the effect of five study char-
acteristics on willingness to participate and their interaction with respondent
characteristics. We conclude the paper with a discussion of our findings and
the practical implications for smartphone-based research.

Previous Research

A growing body of research has examined the factors affecting individuals’
stated willingness to participate (WTP) in mobile app and sensor data collec-
tion, and has distinguished between respondent and study characteristics.
Among respondent characteristics, previous research has found that privacy
concerns (Keusch et al. 2019; Revilla, Couper, and Ochoa 2019; Wenz et al.
2019; Struminskaya et al. 2020b) and smartphone experience are the most
predictive correlates of individuals’ stated WTP (Pinter 2015; Keusch et al.
2019; Wenz et al. 2019; Struminskaya et al. 2020b) as well as actual
participation in mobile app and sensor data collection (Elevelt, Lugtig, and
Toepoel 2019; Struminskaya et al. 2021). The effect of several other
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respondent characteristics on WTP and actual participation has been studied,
such as age, gender, educational attainment, and attitudes toward surveys
and research, but with nonsignificant or mixed results (Keusch et al. 2019;
Revilla et al. 2019; Wenz et al. 2019; Struminskaya et al. 2020b;
Struminskaya et al. 2021).

Study characteristics that have been shown to influence individuals’ WTP
include the type of data collection task. WTP is higher for tasks in which
study participants actively complete the measurement and, thus, have more
control over the data collection process, such as completing a survey on a
smartphone, than for tasks where data are collected passively, such as geolo-
cation tracking (Revilla et al. 2016; Revilla et al. 2019; Wenz et al. 2019;
Struminskaya et al. 2020b). Previous research has started to examine whether
giving participants more control over the data collection positively affects
their WTP but has found mixed results, suggesting that the type of control
might play a role. Keusch et al. (2019), for example, have shown that indi-
viduals are more willing to download a passive tracking app on their smart-
phone if they are offered the option to temporarily switch off the data
collection. Struminskaya et al. (2020b), in turn, offered participants the
option to review and edit the collected data for various data collection tasks
but have found positive effects on WTP for only a subset of the tasks, with
similar patterns in a study that measured actual participation (Struminskaya
et al. 2021).

Additional study characteristics that have been shown to influence individ-
uals’” WTP are the duration of the data collection period, the type of organi-
zation sponsoring the study, and the format of the study invitation:
individuals express higher levels of willingness to participate in smartphone-
based studies that run over a shorter period of time and are sponsored by a
university rather than a market research company or statistical agency
(Keusch et al. 2019; Struminskaya et al. 2020b). If individuals receive multi-
ple requests within a study to participate in data collection tasks, their WTP
is higher for the first task request than for any subsequent requests (Silber
et al. 2018; Keusch et al. 2019; Struminskaya et al. 2020b). Furthermore,
individuals’ WTP increases if they receive a study request repeatedly, such
as in the context of a panel study (Struminskaya et al. 2020b). Finally, the
mode of study invitation also plays a role: inviting sample members to a
smartphone-based study within a face-to-face interview has been shown to
increase actual participation rates compared to invitations sent via postal let-
ter (Jackle et al. 2022). If study invitations are sent via postal letter, however,
they yield higher actual participation rates when used in combination with
email invitations (Lawes et al. 2022).

A few studies have also experimented with different types of incentives to
increase individuals’ WTP and actual participation in smartphone-based re-
search. Keusch et al. (2019), for example, have shown that offering monetary
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incentives for both downloading an app and leaving the app installed on a
smartphone until the end of the study increases individuals’ WTP compared
to offering just one of these incentives or no incentives. In addition, the in-
centive amount plays a role, with higher incentives yielding higher actual
participation rates (Haas et al. 2021; McCool et al. 2021; for an exception
see Jackle et al. 2019). Beyond monetary incentives, Wenz et al. (2020) have
tested the effectiveness of offering personalized feedback for increasing ac-
tual participation in smartphone-based studies, by providing a summary of
the reported data, but have found no significant effects on participation rates.

This study adds to the growing body of literature on individuals’ decision
to participate in mobile app and sensor data collection by focusing on study
characteristics that can be modified by researchers to increase individuals’
acceptance of smartphone-based research. In addition to examining the main
effects of the study characteristics, we investigate their interaction with
respondent characteristics, which has received little attention in previous
research (Wenz et al. 2019) but can provide insights about whether the study
characteristics have similar effects across population subgroups. By using
data from a probability sample of the general population in the United
States, our study expands upon existing research that has often relied on on-
line access panels and has mainly been conducted in Europe.

Hypotheses

Research on consumer behavior and technology use is often informed by the
Technology Acceptance Model (Davis 1986, 1989) and its extension by
Gefen, Karahanna, and Straub (2003). This model postulates that technology
adoption is a function of perceived ease of use, perceived usefulness, and
perceived trustworthiness of the technology. Although we do not measure
these constructs directly, our experiment varied one feature intended to in-
crease perceived ease of use, two features intended to increase perceived use-
fulness, and two features intended to increase perceived trustworthiness, with
the aim of increasing individuals’ WTP in mobile app and sensor data collec-
tion (figure 1).

Readability of the Data Protection and Privacy Statement

Previous research has found that privacy concerns and limited trust in the
data collection organization are one of the most predictive correlates of WTP
in mobile app and sensor studies (Keusch et al. 2019; Revilla et al. 2019;
Wenz et al. 2019; Struminskaya et al. 2020b). Privacy policies, however, are
often written in a complex fashion, and many individuals do not read them
or have difficulties understanding them (Pew Research Center 2019). For
researchers, it is therefore of paramount importance to communicate the
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Figure 1. Study-level determinants of willingness to participate in smart-
phone-based research following components of the Technology Acceptance
Model by Davis (1986, 1989) and Gefen et al. (2003).

measures which are in place to protect participant data as well as any poten-
tial risks involved with study participation in a transparent and simple man-
ner, in line with prevailing data protection regulations. Communicating data
protection and privacy statements in a simpler manner might help alleviate
individuals’ privacy concerns about the collection of app and sensor data and
increase the perceived trustworthiness of the app technology. Clear commu-
nication might, thus, increase individuals’ WTP in the study, in particular for
those with higher levels of concerns and those with lower educational attain-
ment who might have greater difficulties understanding the statements.
Previous research on consent to data linkage has shown that the understand-
ing of consent requests varies significantly by educational attainment
(Edwards and Biddle 2021; Jickle et al. 2021; Sakshaug et al. 2021). We
therefore hypothesize:

HI.1. Providing simpler data protection and privacy statements in the study
invitation increases individuals’ WTP.

H1.2. Providing simpler data protection and privacy statements in the study
invitation has a larger positive effect on WTP for individuals with higher levels of
privacy concerns compared to those with lower levels of concerns.

HI1.3. Providing simpler data protection and privacy statements in the
study invitation has a larger positive effect on WTP for individuals with
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lower educational attainment compared to those with higher educational
attainment.

Technical Support for App Installation

The installation process of a research app collecting sensor data requires
sample members to perform multiple steps before they can take part in the
study (Kreuter et al. 2020). They have to not only find and download the ap-
plication in the app store, but also sign in to the app using a registration code
provided by the researcher and accept the operating system’s permissions to
access personal information. In line with prevailing data protection regula-
tions, they also have to provide informed consent to the individual data pack-
ages that will be collected in the study, as part of a second consent request.
The multitude of steps in this installation process might deter sample mem-
bers from participating in the study, especially those with limited experience
downloading apps on their mobile device. Previous research confirms that
technical problems during app installation or lack of confidence to download
apps are among the most frequently mentioned reasons for not downloading
and installing an actual research app (Jackle et al. 2019). Providing technical
support, for example by means of a telephone interviewer who walks sample
members through all steps to fully set up the app and shows how to use the
app, might facilitate this process, thus increasing the perceived ease of use of
the research app technology. As a result, this measure might increase individ-
uals’” WTP in the study, in particular for those with lower levels of smart-
phone experience. We therefore hypothesize:

H2.1. Providing technical support during app installation increases individuals’
WTP.

H2.2. Providing technical support during app installation has a larger positive
effect on WTP for individuals with lower levels of smartphone proficiency
compared to those with higher levels of proficiency.

Control over the Data Collection Process

Previous research has shown that individuals state that they are more willing
to participate in data collection tasks in which they actively complete
the measurement, such as completing a survey on their smartphone, than in
tasks where data are passively collected and transmitted to the researcher,
such as tracking geolocations or online behavior (Revilla et al. 2016;
Revilla et al. 2019; Wenz et al. 2019; Struminskaya et al. 2020b;
Struminskaya et al. 2021). Having more control over the data is likely to
make the data collection process more transparent and alleviate privacy con-
cerns that participants might have, increasing the perceived trustworthiness
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of the data collection technology. Although the type of sensor data being col-
lected (i.e., active measurement vs. passive tracking) depends on the study
objective, participants might also be given more control in tasks with passive
data collection, for example by offering the option to turn off the data collec-
tion for some time or to review the collected data before submission. We
therefore hypothesize:

H3.1. Giving study participants more control over their data during data collection
increases individuals” WTP.

H3.2. Giving study participants more control over their data during data collection
has a larger positive effect on WTP for individuals with higher levels of privacy
concerns compared to those with lower levels of concerns.

Monetary Incentives

Monetary incentives have consistently been shown to increase response rates
in surveys, with prepaid (unconditional) incentives yielding higher response
rates than promised (conditional) incentives (Church 1993; Singer and Ye
2013). However, it is still unclear whether these mechanisms also carry over to
mobile app and sensor data collection. Similar to the survey context, prepaid
incentives provided to all sample members during the app study invitation
might be more salient and, thus, more effective in influencing participation
decisions than promising incentives at the end of the study to participants.
Studies involving app and sensor data collection often run over multiple days,
weeks, or even months, and researchers might consider incentivizing partici-
pants to stay engaged with the study and increase the perceived usefulness of
the research app technology. Conditional incentives might, for example, be
provided to participants if they left the app installed for the entire study period
(paid as a fixed amount) or for each day that participants leave the app installed
on their device (paid as incremental amounts). Conditional incentives paid as
incremental amounts might be more attractive to participants, and, thus, more
effective in increasing their willingness to participate in the study than those
paid as fixed amounts since participants would receive an incentive even if
they did not fully adhere to the study protocol. We therefore hypothesize:

H4.1. Providing unconditional monetary incentives increases individuals’ WTP
over conditional monetary incentives.

H4.2. Providing conditional monetary incentives paid as incremental amounts
increases individuals’ WTP over those paid as fixed amounts.

Personalized Feedback

Providing personalized feedback to participants at the end of the study, such
as about how their individual study results compare to average results from
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the general population, might serve as an additional incentive to engage with
mobile app and sensor data collection. The feedback might raise participants’
interest in the study since they receive a tangible benefit in exchange for their
participation and might, thus, increase the perceived usefulness of the re-
search app technology. We therefore hypothesize:

H4.3. Providing personalized feedback as a nonmonetary incentive increases
individuals’ WTP over no feedback.

Methods

The data were collected in the NORC AmeriSpeak Panel, a probability-
based panel of the general population aged 18+ in the United States,' be-
tween July 26 and August 9, 2021. The study was conducted as part of
Time-sharing Experiments for the Social Sciences (TESS).> Panel members
received email invitations to a web questionnaire and were offered an equiv-
alent of $2 for completing the study. The questionnaire included the vignette
experiment and items on frequency and types of smartphone use, privacy
and security concerns, and trust in different organizations that collect per-
sonal data (Appendix, section A). The research design was reviewed by the
Ethics Committee at the University of Mannheim. A total of 8,080 panel
members were invited to participate in the study and 1,876 completed the
survey, resulting in a survey completion rate of 23.2 percent (COMR; see
AAPOR 2016) and a cumulative response rate of 3.3 percent (CUMRR, i.e.,
including recruitment into the panel and participation in this particular sur-
vey; see AAPOR 2016).® The median response time was 8 min.

Vignette studies allow us to simultaneously assess the effect of several
study characteristics on willingness to participate in smartphone-based re-
search and benefit from both the internal validity of experimental designs
and the external validity of population-representative samples (Sniderman
and Grob 1996; Atzmiiller and Steiner 2010). In survey methodology, vi-
gnette studies have previously been employed to evaluate the effect of differ-
ent study characteristics on hypothetical willingness to give consent to web
survey paradata collection (Couper and Singer 2013), participate in surveys
(Singer 2003; Couper et al. 2008; Couper et al. 2010), and engage in mobile

1. Additional information about the AmeriSpeak Panel recruitment and management can be
found at https://amerispeak.norc.org/about-amerispeak/Pages/Panel-Design.aspx.

2. The research design of the vignette experiment and the hypotheses were preregistered in the
study proposal, which is available at https://osf.io/b87sm/.

3. Probability-based online panels were shown to outperform nonprobability online panels in
terms of data quality and representation of the general population, even if they have modest re-
sponse rates (e.g., Yeager et al. 2011; Maclnnis et al. 2018; Cornesse et al. 2020; Hargittai and
Shaw 2020).
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app and sensor data collection (Keusch et al. 2019; Gerdon et al. 2021). Our
study expands upon the earlier vignette experiment by Keusch et al. (2019).
Since the focus of vignette studies is to compare different study scenarios,
they only allow measuring stated willingness to participate in research rather
than actual participation. However, previous research on the external validity
of vignette studies has shown that hypothetical survey-based measures of be-
havior can be highly correlated with actual behavior (Hainmueller,
Hangartner, and Yamamoto 2015). With regard to participation in
smartphone-based studies, Struminskaya et al. (2021), for example, used data
from a general population survey in the Netherlands and found that 69 per-
cent of respondents who stated that they were willing to share their GPS lo-
cation actually shared their data. For other tasks, such as sharing videos or
photos taken from the smartphone, the compliance rate was even 100
percent.

Vignettes

The vignettes contained descriptions of hypothetical studies that would invite
respondents to download a research app on their smartphone. Respondents
who reported not using a smartphone were informed that they would be pro-
vided with a device for the purpose of the study. The research app would ad-
minister survey questions about individuals’ time use and collect data about
the technical characteristics of their phone, whether their phone is currently
in motion, their current location, what apps are used, and what websites are
visited, as well as the number of incoming and outgoing phone calls and text
messages on their phone. Figure 2 shows a vignette example.

Five study characteristics were randomly varied in the vignettes (table 1):
the readability of the data protection and privacy statement® (related to
H1.1), whether technical support for app installation is provided (H2.1), the
type of control that respondents have over the data collection process (H3.1),
the type of monetary incentive’ (H4.1 and H4.2), and whether personalized
feedback is provided (H4.3).

4. The statements were designed such that they have the same text length (i.e., number of words),
but differ in their readability, considering the number of sentences, the number of words per sen-
tence, and the number of syllables per word. The readability of both versions was assessed with
the Flesch Reading Ease Test (Flesch 1948) implemented in Microsoft Word, with lower scores
indicating texts that are more difficult to understand. The simple version has a score of 51.3,
while the difficult version has a score of 19.9. Converted to US grade reading level, the simple
version would require 9.5 years of education to understand the text and the difficult version would
require 15.7 years of education.

5. The data collection tasks presented in the vignettes are more complex compared to the studies
that the AmeriSpeak panel members are usually invited to. The incentive amount was therefore
designed to be equivalent to the AmeriSpeak incentive paid to panel members for completing
their first survey.
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Imagine that researchers from a public university invite you to participate in a research study that
includes downloading a research app to your smartphone. If you do not own a smartphone, you would
be loaned a device for the study.

The data collected from the app would help researchers to learn more about how Americans spend their
time, such as work, childcare, and leisure.

You would receive a letter with login details and a link to the app store where you could install the app.
The letter would also contain instructions on how to use the app.

The study would last for two weeks and you should leave the research app installed on your smartphone
until the end of the study.

There would be no option to switch the research app on and off during the course of the study.

You would receive $20 enclosed in the invitation letter as a token of appreciation for your time.

You would also receive a personal summary of your results at the end of the study.

The study would be in line with U.S. regulations about data protection and privacy. All information
collected by the research app would be confidential. It would only be used by the researchers and they

would not share your individual data with anyone else. The researchers would write publications about
the overall results of the study. They would also present the findings at international conferences.

Figure 2. Vignette example.

The experimental design (2x2x3x3x2) results in a vignette universe of 72
unique descriptions, and respondents were randomly assigned to eight
vignettes without replacement. After each vignette, they were asked to rate
their willingness to participate in the described hypothetical study (Q3:
“How likely is it that you would download the app to participate in this re-
search study?”) on a scale from O (“Definitely would not participate”) to 10
(“Definitely would participate”).

As a manipulation check, we included a question after the last vignette
about whether respondents noticed any differences between the vignettes
(Q4). We find that 83 percent of respondents reported that they noticed dif-
ferences. To check for robustness, we ran our analysis by excluding respond-
ents who reported that they did not notice any differences or took five
seconds or less to read and respond to a vignette, in line with Keusch et al.
(2019). In addition, we ran our analysis by excluding respondents who do
not personally use a smartphone. In both cases, the results were highly com-
parable and we, thus, only present the results for the total sample.

Willingness to Participate

The main outcome variable is stated willingness to download the research
app on a smartphone. We dichotomized the 11-point scale into respondents
who would not download (0 to 5) and those who would download the app (6
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Table 1. Willingness to participate in mobile app and sensor data collection

by vignette dimensions.

Vignette text

% willing
to participate
(standard error)

Data protection and privacy statement

Easy
The study would be in line with U.S. regulations about data
protection and privacy. All information collected by the research
app would be confidential. It would only be used by the research-
ers and they would not share your individual data with anyone
else. The researchers would write publications about the overall
results of the study. They would also present the findings at
international conferences.

Difficult
The study would be in compliance with prevailing U.S. data
protection and privacy regulations and several procedures would
be in place to preserve the confidentiality of all information
collected by the research app. Any data collected would only be
used by the principal investigators and would not be shared with
any other parties. Aggregated study findings would be dissemi-
nated through publications and international conferences.

43.5
(0.008)

44.9
(0.008)

Technical support for app installation

Yes
You would receive a letter and a phone call from an interviewer
who would walk you through all steps to install the app. They
would also show you how to use the app and answer any ques-
tions you may have.

No
You would receive a letter with login details and a link to the app
store where you could install the app. The letter would also con-
tain instructions on how to use the app.

42.8
(0.008)

45.6
(0.008)

Control over data collection

Turn off data collection
The research app would allow you to switch it off at times when
you do not want it to collect any data from your smartphone.
However, it would be important for this study that you use this
option only in rare cases and for short periods.

Review data before submission
The research app would allow you to review the data that have
been collected and you would have the option to delete specific
data points when you do not want them to be transmitted to the re-
searcher. However, it would be important for this study that you
use this option only in rare cases.

45.1
(0.009)

47.7
(0.009)

(continued)
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Table 1. Continued.

% willing
to participate
Vignette text (standard error)
No
There would be no option to switch the research app on and off 39.7
during the course of the study. (0.009)
Monetary incentive
Unconditional
You would receive $20 enclosed in the invitation letter as a token 46.6
of appreciation for your time. (0.009)
Conditional with incremental amount
You would receive $6 for downloading the app and $1 for every 42.8
day that you leave the app installed on your smartphone, resulting (0.009)
in a maximum amount of $20.
Conditional with fixed amount
You would receive $20 for downloading the app and leaving it 43.2
installed on your smartphone until the end of the study. (0.009)
Feedback
Yes
You would also receive a personal summary of your results at the 44.6
end of the study. (0.008)
No
- 43.9
(0.008)

to 10), following prior research (Couper et al. 2008; Couper et al. 2010;
Keusch et al. 2019). Dichotomizing the willingness variable reflects the bi-
nary nature of the decision to participate in a study and allows estimating
participation rates for the different scenarios described in the vignettes. We
also performed sensitivity analyses by using a different cutoff point for creat-
ing the dichotomized outcome measure (0—4 vs. 5-10), using the original
11-point scale as ordinal outcome measure, and restricting the analysis to
respondents who selected the extreme points (0 vs. 10). The different opera-
tionalizations had only minor effects on the analyses and the conclusions.

Measures

The experimental variation of the study characteristics in the vignettes results
in five independent variables for our analysis. To examine the hypothesized

€202 1oquisnoN 0} uo Jasn Ausianiun wisyuuelN Aq Z0.v612/25E/2/.8/210n4e/bod/woo dno-olwapede//:sdiy woly papeojumoq



370 A. Wenz and F. Keusch

interactions between study and respondent characteristics (related to H1.2,
H2.2, and H3.2), we include the following additional variables in the mod-
els: security concerns toward research apps (0—6), number of perceived pri-
vacy violations offline (0—4), number of perceived privacy violations
online (0-3), trust in organizations involved with mobile data collection
(0-9), use of a smartphone (yes, no), frequency of smartphone use (0-4),
and number of smartphone activities (0—12).° To analyze whether the treat-
ments are more effective in increasing WTP for certain subgroups, we also
include age, gender, race/ethnicity,” and education in the models, which
come from a profile survey that panel members were asked to complete
upon registration. Table 2 shows the descriptive statistics of all measures
used in the analysis.

Analysis Strategy

The data preparation and analysis were conducted in R version 4.0.4 (R Core
Team 2021). To test the hypotheses specified above, we first examine the
main effects of the study characteristics that were experimentally varied in
the vignettes, controlling for age, gender, race/ethnicity, and educational at-
tainment. We estimate multilevel logistic regression models to account for
the hierarchical structure of the data, with responses to the eight vignettes
nested within respondents, using the R Ime4 package version 1.1.26 (Bates
et al. 2015). For easier interpretation of the regression coefficients, we calcu-
late average marginal effects using the R margins package version 0.3.26
(Leeper 2021).

In additional regression models, we explore the hypothesized interaction
effects of study and respondent characteristics, including privacy concerns,
educational attainment, and smartphone proficiency, on willingness to down-
load the research app. Finally, we estimate regression models to examine in-
teraction effects of study characteristics and sociodemographics, with the
aim of identifying any subgroup differences in treatment. We use the R
sjPlot package version 2.8.10 (Liidecke 2021) and the R ggplot2 package
version 3.3.5 (Wickham 2016) to visualize the results.

In all regression models, we control for the order of vignettes shown to
respondents (1 vs. 2-8) since willingness to participate in smartphone-based
research is likely to be higher for the first task request than for any subse-
quent requests (Silber et al. 2018; Keusch et al. 2019; Struminskaya et al.

6. See Appendix, section B for more details about how these variables were operationalized.

7. Race/ethnicity was dichotomized into “White” vs. “Non-White” due to the skewness of the re-
sponse distribution. We replicated the analysis by splitting “Non-White” into further categories,
but the conclusions remain unchanged.
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Table 2. Descriptive statistics of covariates (unweighted).

Standard Missing
Numeric variables Mean  deviation  Range values
Sociodemographics
Age 49.2 16.9 18-94 0
Privacy and security concerns and trust
Security concerns research apps 32 1.8 0-6 16
No. perceived privacy violations offline 1.7 1.5 04 16
No. perceived privacy violations online 2.6 0.8 0-3 22
Trust data not shared by organizations 3.7 2.1 0-9 18
Smartphone proficiency
Frequency of smartphone use 33 1.2 0-4 9
No. smartphone activities 9.2 33 0-12 56
Missing

Categorical variables % values
Sociodemographics
Gender

Female 52.5 0

Male 47.5
Race/ethnicity

White 64.9 0

Non-white 35.1
Education

No high school degree 4.1 0

High school degree 17.0

College degree 78.9
Smartphone proficiency
Uses a smartphone

Yes 96.0 7

No 4.0

Note: A small proportion of missing values on these measures (<3 %) were imputed with a
chained-equations algorithm by using the R mice package version 3.13.0 (van Buuren and
Groothuis-Oudshoorn 2011).

2020b). We calculate weighted estimates with the R srvyr package version
1.1.0 (Freedman Ellis and Schneider 2021), applying the weights provided
by NORC to correct for sampling and nonresponse biases. The weight con-
sists of a base weight adjusting for the probability of selection, a panel raking
weight based on demographic distributions from the Current Population
Survey to adjust for panel nonresponse, and a study-specific poststratification
weight to adjust for study-specific nonresponse.
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Results
Willingness to Participate

Across all eight vignettes, an average of 44 percent of respondents reported
that they would be willing to download the research app to participate in the
described studies. Twenty-eight percent of respondents consistently indicated
that they would be willing to participate in all eight of the presented studies,
whereas 40 percent would not participate in any of the studies. Thirty-four
percent of respondents used the same response option on the 11-point will-
ingness scale for all eight vignettes. Table 1 shows the percentage of willing-
ness to participate in the described studies by vignette dimensions.

Main Effects of Study and Respondent Characteristics on
Willingness to Participate

To examine the effect of study characteristics and respondent characteristics
on willingness to participate in mobile app and sensor data collection, we es-
timate a series of multilevel logistic regression models with random inter-
cepts. We first fit a base model without covariates (Model O in the footnote
of Supplementary Material table S1) to partition the total variance of willing-
ness ratings into within- and between-respondent components. The model
shows that 82 percent of the variance originates from the respondents, sug-
gesting that their willingness ratings are rather stable across the vignettes.®

We next fit a model of willingness to participate in smartphone-based data
collection on the five study characteristics that were experimentally varied in
the vignettes, controlling for vignette order and sociodemographics
(Supplementary Material table S1). Providing simpler data protection and
privacy statements in the study invitation has no significant influence on
individuals’ willingness to participate in smartphone-based data collection,
showing no support for H1.1.

Contrary to our expectation, providing technical support during app instal-
lation significantly decreases individuals’ willingness (p < .001), not support-
ing H2.1. The predicted probabilities of being willing to participate in
smartphone-based data collection decrease by two percentage points if
respondents receive an invitation letter and a phone call from an interviewer
who would help them to install the app rather than just receiving a letter with
log-in details and a link to the app store where they could install the app on
their own.

8. To measure within-person variance on the original willingness measure, we also fit a baseline
model with the 11-point scale as outcome variable. The results indicate an intraclass correlation
of 0.85, which further shows that respondents provided similar answers across the eight different
vignettes.
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Supporting H3.1, giving respondents more control over their data during
the data collection process significantly increases their willingness
(p <.001). Respondents have six percentage points higher predicted proba-
bilities of being willing to participate in smartphone-based data collection if
they can temporarily switch off the research app when they do not want it to
collect any data from their smartphone as opposed to not having this option.
Furthermore, they have eight percentage points higher predicted probabilities
of willingness if they are offered to review the data that have been collected
and delete specific data points that they do not want to be transmitted to the
researcher.

Supporting H4.1, we also find that offering unconditional monetary incen-
tives significantly increases individuals’ willingness to participate in
smartphone-based research over conditional monetary incentives (p=.010
for conditional with fixed amount vs. unconditional; p < .001 for conditional
with incremental amount vs. unconditional). The predicted probabilities of
willingness decrease by two percentage points if respondents receive $20
conditional on downloading the app and leaving it installed on their smart-
phone until the end of the study (conditional with fixed amount) as opposed
to receiving $20 enclosed in their invitation letter (unconditional). In addi-
tion, the predicted probabilities of willingness decrease by three percentage
points if respondents receive $6 for downloading the app and $1 for every
day that they leave the app installed on their smartphone (conditional with
incremental amount) rather than receiving an unconditional monetary incen-
tive. To compare the effects of the two conditional incentives, we estimate
an additional model where we change the reference category of the
“Monetary incentive” variable to “Conditional with fixed amount.” Contrary
to our expectation, paying out conditional incentives in incremental amounts
significantly decreases individuals’ willingness compared to paying them out
in fixed amounts (p = .008), not supporting H4.2. Respondents have two per-
centage points lower predicted probabilities of being willing to participate in
smartphone-based data collection if they receive $6 for downloading the app
and $1 for every day that they leave the app installed on their smartphone
rather than receiving a fixed amount of $20 for downloading the app and
leaving it installed until the end of the study.

Finally, providing personalized feedback to respondents as a form of
nonmonetary incentive has no significant influence on their willingness to
participate in smartphone-based research, showing no support for H4.3.
Among the additional variables included in the model, we find that individ-
uals’ willingness is significantly lower for the second to eighth vignette
compared to the first vignette (—3 percentage points; p < .001) and willing-
ness significantly decreases with age (—0.6 percentage points; p <.001).
Furthermore, willingness to participate in smartphone-based data collection
is significantly lower for white compared to non-white respondents
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(—7 percentage points; p =.003) and significantly lower for respondents
with a college degree compared to those with lower levels of education
(—13 percentage points; p =.012). Finally, gender has no significant effect
on willingness.

In Model 2, we additionally control for the main effects of privacy and se-
curity concerns, trust in organizations involved with mobile data collection,
and smartphone proficiency (figure 3; Supplementary Material table S1). The
effects of the five study characteristics and the other covariates remain
unchanged, except for the effect of age, which becomes nonsignificant
(p =.065). The results indicate that respondents with higher levels of security
concerns toward research apps are significantly less willing to participate in
mobile app and sensor data collection (—10 percentage points; p < .001).
Similarly, those who perceived online privacy violations in a larger number
of situations are significantly less willing to participate (—4 percentage
points; p <.001), while the number of perceived offline privacy violations
has no significant main effect on willingness. Respondents with higher levels
of trust that different organizations will not share their personal data with
other parties, in turn, are significantly more willing to participate in
smartphone-based research (+4 percentage points; p < .001). Finally, smart-
phone proficiency also affects the level of willingness: respondents who per-
sonally use a smartphone and would, therefore, be asked to install the
research app on their personal smartphone are significantly less willing to
participate in mobile app and sensor data collection compared to those who
indicated that they do not personally use a smartphone and would, therefore,
be loaned a device for the study (—15 percentage points; p =.006). The type
of smartphone use, however, also plays a role: respondents who use their
smartphone for a larger variety of activities are significantly more willing to
participate in smartphone-based data collection (41 percentage points;
p =.004), although the frequency of smartphone use has no significant effect
on willingness.

Interaction Effects of Study and Respondent Characteristics on
Willingness to Participate

We next estimate a series of regression models to investigate the hypothe-
sized interaction effects of study and respondent characteristics on willing-
ness to participate in mobile app and sensor data collection. We do not
find any significant interaction effects of the simplicity of the data protec-
tion and privacy statement and the level of privacy concerns or educational
attainment (Supplementary Material table S2 and table S3), not supporting
HI1.2 and H1.3. Furthermore, the interaction effects of technical support
provided during app installation and the level of smartphone proficiency
are not significant (Supplementary Material table S4), not showing support
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Model 2
Vignette order (Ref: 1) ]
2-8 B
Data protection and privacy statement (Ref: Difficult) i
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Technical support for app installation (Ref: No)
Yes o
Control over data collection (Ref: No)
Turn off data collection
Review data before submission
Monetary incentive (Ref: Unconditional)
Conditional with fixed amount o
Conditional with incremental amount e
Feedback (Ref: No) !
Yes o
Age L
Gender (Ref: Male) }
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Security concerns research apps L
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No. perceived privacy violations online !
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Figure 3. Average marginal effects (points) and 95 percent confidence inter-
vals (lines) from multilevel logistic regression models of willingness to partic-
ipate (WTP) in mobile app and sensor data collection.

for H2.2. For the interaction of control over data collection and privacy
concerns, the results indicate a significant effect for one of the four indica-
tors of privacy concerns (p <.001) but in a different direction than
expected, not supporting H3.2 (figure 4, Model 12 in Supplementary
Material table S5): offering the option to turn off the data collection or
review the data before submission significantly increases the willingness to
participate in smartphone-based data collection for individuals who
perceived privacy violations offline across few situations. For individuals
who perceived privacy violations offline in a larger number of scenarios,
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Figure 4. Predicted willingness to participate (WTP) in smartphone data col-
lection (lines) with 95 percent confidence intervals (areas) by control over data
collection and no. perceived privacy violations offline.

however, giving more control over data collection does not significantly af-
fect willingness. For the three other indicators of privacy concerns, how-
ever, the interaction effects are not significant.

To identify potential subgroup differences in treatment, we fit a series of
additional regression models that include interaction effects of the study
characteristics and sociodemographic characteristics. The results show that
giving participants control over data collection seems to be more effective in
increasing participation rates for those with higher levels of educational at-
tainment (figure 5, Model 15 in Supplementary Material table S6): individu-
als with a college degree are significantly more willing to participate in
mobile app and sensor data collection if they can temporarily switch off the
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Figure 5. Predicted willingness to participate (WTP) in smartphone data col-
lection (points) with 95 percent confidence intervals (lines) by control over
data collection and educational attainment.

data collection or review the data prior to submission as opposed to not hav-
ing this option’ (p <.001). Giving these options to individuals with lower
levels of educational attainment, however, does not lead to significant
increases in their willingness to participate. For the other regression models,
we do not find any significant interaction effects that are robust across the
different operationalizations of the willingness measure.

9. The interaction effect remains significant when using a different cutoff point for the dichoto-
mized measure (0—4 vs. 5-10) or using an ordinal measure. However, when restricting the analy-
sis to respondents who selected the extreme points on the willingness scale (0 vs. 10), the
interaction effect becomes insignificant, possibly due to the smaller sample size.
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Discussion
Summary and Conclusions

Smartphone-based methods of data collection have recently been gaining
popularity in the social sciences, allowing researchers to integrate survey
data about people’s attitudes and behavioral intentions and behavioral data
that are passively collected from the smartphone’s operating system and sen-
sors. While an increasing number of research programs have trialed mobile
app and sensor data collection in general population samples, the acceptance
of these data collection methods in the society is typically low. We contrib-
ute to the literature by investigating features of the study design which are
under the researcher’s control and might be modified to increase people’s
willingness to participate in such studies.

Our results from a vignette experiment conducted in a probability-based
panel of the general adult population in the United States show that giving
study participants with higher levels of educational attainment more control
over their data during the passive data collection process is a key strategy for
increasing their willingness to participate in these studies. Offering these par-
ticipants a chance to review the collected data and delete specific data points
that they do not want to be transmitted to the researcher—increasing per-
ceived trustworthiness as suggested by the Technology Acceptance Model
(TAM)—seems to be slightly more effective than providing the option to
temporarily switch off the data collection. While unit-level nonresponse can
be reduced, there are additional errors that might be introduced through these
methods, such as an increasing amount of missing data, arising from switch-
ing off the data collection, and measurement error, arising from selective
data deletion. When choosing to implement this method, researchers need to
be mindful of this potential error trade-off.

A second effective strategy to increase individuals’ willingness to partici-
pate in mobile app and sensor data collection that we identified in the vi-
gnette experiment is the provision of unconditional rather than conditional
incentives, which will increase the perceived use of the technology. This is
also consistent with previous research in the survey context (Church 1993;
Singer and Ye 2013). When researchers opt for conditional incentives, pay-
ing a fixed amount for downloading the app and leaving it installed at the
end of the study period might be slightly more effective than paying incre-
mental amounts for app download and for every day that participants leave
the app installed on their smartphone.

Finally, the format of the study invitation was shown to play a role: indi-
viduals are more willing to participate in smartphone-based studies if they
simply receive an invitation letter with a link to an app store rather than re-
ceiving an invitation letter and a phone call from an interviewer who

€202 1oquisnoN 0} uo Jasn Ausianiun wisyuuelN Aq Z0.v612/25E/2/.8/210n4e/bod/woo dno-olwapede//:sdiy woly papeojumoq



Acceptance of Smartphone Data Collection 379

accompanies them in the app installation process, even among people with
limited smartphone proficiency. This finding is contrary to our expectation
that the technical support provided by the interviewer might enhance individ-
uals’ willingness to engage with mobile app and sensor data collection. The
results are also in contrast with earlier research showing that individuals are
more likely to install a research app on their smartphone if they are invited
within a face-to-face interview rather than via postal letter (Jickle et al.
2022). A potential explanation for the lower willingness is that respondents
might have been deterred by the additional time that would be needed to
take the phone call and might have preferred to install the app on their own.
The information that an interviewer would talk them through installing the
app might have also conveyed to respondents that the app installation might
be a difficult task—the opposite of what would convey the perceived ease of
use of the technology in the sense of the TAM. Future research could test the
effectiveness of other forms of technical support that is, for example, just of-
fered upon individual request on people’s willingness to participate in
smartphone-based studies.

Two of the examined strategies did not influence individuals’ willingness
to participate, including the provision of personalized feedback as a form of
nonmonetary incentive, confirming earlier research (Wenz et al. 2020), and
providing simpler data protection and privacy statements in the study invita-
tion. In our study, we do not have any indication to what extent the respond-
ents read and actually understood the respective data protection and privacy
statements but would welcome future research that more closely examines
how individuals process these statements.

In line with previous research, we find that individuals’ willingness to par-
ticipate in smartphone-based studies is highest for the vignette presented first
compared to those presented later. For studies that intend to present multiple
participation requests, we would recommend to first present the most impor-
tant request to respondents.

The study also adds to the growing body of research on respondent-level
determinants of willingness to participate in smartphone-based data collec-
tion. Our findings replicate previous research, showing that security concerns
toward research apps as well as smartphone proficiency, measured as the
number of activities carried out on the smartphone, are key predictors of
stated willingness (Pinter 2015; Keusch et al. 2019; Revilla et al. 2019;
Wenz et al. 2019; Struminskaya et al. 2020b). We also find that willingness
is significantly related to race/ethnicity and education but not significantly re-
lated to gender and age (when controlling for other respondent characteris-
tics), which is consistent with the mostly nonsignificant or mixed findings in
existing research (Keusch et al. 2019; Revilla et al. 2019; Wenz et al. 2019;
Struminskaya et al. 2020b; Struminskaya et al. 2021).
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Limitations

Our study is not free from limitations. People’s acceptance of smartphone-based
methods of data collection is likely to be overestimated in our study since we
asked respondents through vignettes to self-report their willingness to participate
in hypothetical research rather than observing their participation behavior in ac-
tual smartphone-based studies. Although previous research has provided evidence
that stated willingness measured in vignette studies and actual participation can
be highly correlated, we should still be careful with interpreting the willingness
rates measured in our study and rather consider them as upper-bound estimates
of actual participation. In addition, we assess the willingness to engage with
smartphone data collection among panel members who regularly participate in
surveys and are, thus, likely to be more cooperative and have more positive atti-
tudes toward research than the general population. We also cannot rule out that
the panel members’ likelihood to complete the vignette study is potentially corre-
lated with their willingness to participate in smartphone-based research, which,
again, might have led to an overestimation of willingness in our study. Finally,
our study has been conducted in the United States and might not generalize to
other cultural settings. As smartphones become an increasingly popular method
of data collection in the social sciences, more research is needed about the accep-
tance of such methods in the general population across different countries.

Appendix
A. Questionnaire

Ql.

Do you personally use a smartphone (with touchscreen, Internet access, and
apps)?

Yes
No

Q2.

On the following pages, you will see 8 different scenarios which vary in a
number of features. All scenarios will contain study invitations that ask partic-
ipants to download a research app to a smartphone. [SHOW IF Q1. = No:
Participants without a smartphone would be loaned a device for the study.]

The research app, when downloaded to a smartphone, would send short sur-
veys about how people spend their time and collect the following data:

e  Technical characteristics of the phone (for example, brand, screen
size)
e Whether the phone is currently in motion
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The current location (every 5 minutes)
What apps are used and what websites are visited on the phone
The number of incoming and outgoing phone calls and text mes-
sages on the phone
Please note that the research app would only collect information on when
other apps are opened or when a call is made. The research app could not see
what happens inside other apps or what is said in a phone call or a text
message.

Q3. [SHOW EIGHT VIGNETTES]
Please read Scenario #N carefully.

Imagine that researchers from a public university invite you to participate in a
research study that includes downloading a research app to your smartphone.
[SHOW IF Q2. = No: If you do not own a smartphone, you would be loaned
a device for the study.]

The data collected from the app would help researchers to learn more about
how Americans spend their time, such as work, childcare, and leisure.

#Technical support#

The study would last for two weeks and you should leave the research app
installed on your smartphone until the end of the study.

#Control over data collection#
#Monetary incentive#

#Feedback#

#Data protection and privacy statement#

How likely is it that you would download the app to participate in this re-
search study?

0 Definitely would not participate
1

2
3
4
5
6
7
8
9
1

0 Definitely would participate
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Q4.

Did you notice any differences among the 8 different research study
descriptions?

Yes
No

Q5. [SHOW IF Q1. = Yes]

How often do you use a smartphone for activities other than phone calls or
text messaging?

Several times a day
Every day

Several times a week
Several times a month
Once a month or less

Q6. [SHOW IF Ql. = Yes; RANDOMIZE ORDER OF RESPONSE
OPTIONS]

Do you use your smartphone for the following activities?

Browsing websites

Reading and/or writing email

Taking photos

Looking at content on social media websites/apps (for example looking

at text, images, videos on Facebook, Twitter, Instagram)

e. Posting content to social media websites/apps (for example posting
text, images, videos on Facebook, Twitter, Instagram)

f. Making purchases (for example buying books or clothes, booking train
tickets, ordering food)

g. Online banking (for example checking account balance, transferring
money)

h. Installing new apps (for example from iTunes, Google Play Store)

i. Using GPS/location-aware apps (for example Google Maps,
Foursquare, Yelp)

j- Connecting to other electronic devices via Bluetooth (for example
smartwatches, fitness bracelets, step counter)

k. Playing games

1. Streaming videos or music

po o
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Q7. [RANDOMIZE ORDER OF GRID ITEMS]

How concerned would you be about the security of providing information in
the following ways for research?

a. Download an app to answer survey questions
b. Download an app which collects data about how the smartphone is be-
ing used

Not at all concerned
A little concerned
Somewhat concerned
Very concerned

Q8. [RANDOMIZE ORDER OF GRID ITEMS]

Please indicate whether or not you ever feel your privacy is violated by the
following.

Banks and credit card companies when they ask about finances
The government when it collects tax returns

The federal government when it conducts surveys

People who ask questions on public opinion surveys

Social media platforms that store a lot of information about you
Apps collecting information about location when they are not used
Web browsers tracking websites you visit

R -0e 0 T

Yes
No

Q9. [RANDOMIZE ORDER OF GRID ITEMS]

How much do you trust each of the following to not share your personal data
with other parties?

a. University researchers
b. Your mobile phone network provider
c. Companies that make apps for smartphones

Do not trust at all
Trust a little
Trust somewhat
Trust a lot
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B. Operationalization of Privacy and Security Concerns, Trust in
Organizations Involved with Mobile Data Collection, and
Smartphone Proficiency

Privacy and security concerns were operationalized with several indicators.
Security concerns toward research apps were measured based on a summed
score (0-6) of two items about the level of security concerns when providing
information through different types of research apps (Q7). Higher values indi-
cate higher levels of security concerns. Based on a factor analysis on a seven-
item grid question about perceived privacy violations across different
domains (Q8), two index measures on the number of perceived privacy viola-
tions offline (0—4) and the number of perceived privacy violations online
(0-3) were built. For both indices, higher values indicate that respondents felt
that their privacy was violated in a larger number of situations.

Trust in organizations involved with mobile data collection was mea-
sured based on a three-item grid question about the level of trust in different
organizations (Q9). The responses were summed up into an index ranging
from 0 to 9, with higher values indicating higher levels of trust in the
organizations.

Smartphone proficiency was operationalized with three indicators: use of
a smartphone (Q1, yes vs. no), frequency of smartphone use (Q5, 0—4), and
the number of smartphone activities (Q6, 0—12).

Supplementary Material

Supplementary Material may be found in the online version of this article:
https://doi.org/10.1093/pog/nfad019.
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