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ABSTRACT

Objective Intensive ambulatory assessment, such as
ecological momentary assessment (EMA), is increasingly
used to capture naturalistic patient-reported outcomes.
EMA design features (eg, study duration, prompt
frequency) vary widely between studies, but it is not
known if such design decisions influence potential
subjects’ willingness to participate in a study. We
hypothesise that intentions to participate will be higher in
studies that are less burdensome and have higher reward
(eg, compensation).

Design This experimental study examined if four EMA
study design features (study duration, prompt frequency,
prompt length, compensation) affected intentions to
participate in a hypothetical EMA study and participation
appraisals (eg, participation effort). Participants were
randomly assigned to conditions (reflecting a fully crossed
design of the four features, each with two levels). Each
condition presented a vignette describing a study (each a
unique combination of design features) and asked them to
report on likelihood of participating and study appraisals.
Participants A convenience sample of participants
(n=600; 46% female, Mage=40.39) were recruited using
an online service.

Primary and secondary outcome measures Primary
outcomes were willingness to participate (No/Yes) and
reported participation likelihood (0—100 scale). Secondary
outcomes included appraisals of interest, enjoyment, effort,
and if the study makes a valuable contribution to science.
Results We examined main effects, and two-way
interactions for participation likelihood, across study
design features. Overall, reported willingness to participate
and participation likelihood were high (89%, M=83.90,
respectively). Shorter study duration, fewer prompts,
shorter prompts and higher compensation increased
willingness to participate and elicited higher participation
likelihood (each associated with ~6%—8% increases).
Findings suggested that more intensive studies were
judged as somewhat less interesting and enjoyable, and
requiring more effort.

Conclusion Hypotheses were generally supported. Design
features influence behavioural intentions to participate in,
and appraisals of, EMA studies. Implications for participant
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Strengths and limitations of this study

» To provide stronger evidence of causality, we test-
ed the effects of ecological momentary assessment
(EMA) design features using an experimental ma-
nipulation wherein participants were randomly as-
signed to 1 of 16 possible study design vignettes (ie,
a fully crossed 2x2x2x2 factorial design).

» Four commonly altered EMA study design features
were examined (duration of study involvement, fre-
quency of EMA prompts per day, estimated length
of time to complete each study prompt, and com-
pensation), providing broad information regarding
which EMA study design features may influence
participation.

» Participants were recruited from Amazon’s
Mechanical Turk; the generalisability of data
from MTurk convenience samples compared with
population-based samples is still unclear.

recruitment and generalisability, and remaining research
questions, are discussed.

INTRODUCTION

Ecological momentary assessment (EMA) is
a technique that assesses dynamic physiolog-
ical, psychological and behavioural processes
as they occur in real time and in natural
contexts." EMA is increasingly used in clin-
ical and medical settings to obtain patient
reported outcomes in everyday life. Because
participants in EMA studies provide multiple
assessments over a particular time (eg, six
prompt responses per day for 3 days, typically
on a smartphone or mobile device) as they go
about their normal activities, data from EMA
studies are particularly well suited to examine
complex temporal processes, and also have
the benefits of high ecological validity and
reduced recall bias.” Although potentially of
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great value, EMA studies are typically associated with rela-
tively high participant burden, at least when compared
with administration of questionnaires at a single point in
time. As such, there is concern that self-selection bias in
EMA studies may be high, although there is almost no
empirical support for this contention, its magnitude, or
for study design factors that may influence self-selection
bias.*

To date, we know very little about what features of an
EMA study may be related to willingness and accept-
ability to participate, or how design features influence
self-selection into these studies (eg, related to participa-
tion burden).”® There is certainly a history of evidence
broadly consistent with the view that greater effort or
burden required for study participation is related to less
willingness to participate and/or lower study uptake,”"”
but we are unaware of any work that has directly exam-
ined this for EMA studies (although several studies have
examined associations between participant burden or
study design with study compliance,” '* we are interested
in factors that predict study uptake rather than compli-
ance once enrolled).'® There are several features of EMA
studies that may influence participant burden—in partic-
ular, the length of a study (number of days of EMA),
the frequency/intensity of sampling (the number of
‘beeps’ per day), and the time required to complete each
momentary report. The potential effects of these features
on participation rates may also be offset/balanced to a
degree by other factors (eg, the amount of compen-
sation, the perceived value of the research).16 Indeed,
researchers across disciplines have noted a dearth of liter-
ature examining how different design features of studies
requiring the use of mobile and ambulatory technologies
affect participants’ prospective acceptance and willing-
ness to meaningfully engage in study requirements.'”*

Beyond the simple expectation that more demanding
protocols would likely have lower uptake, it is unclear
whether specific EMA design factors in fact influence
the likelihood of someone participating and—if so—how
they influence intended participation. For example, we
do not know if potential participants are more sensitive
to the length of the study, the number of prompts they
would experience each day, or the length of those inter-
ruptions when they occur. Without such information, it
becomes difficult to optimise the design of EMA studies;
for example, is it more acceptable to have a shorter study
with more frequent assessments or a longer duration
study with fewer and briefer assessments (among the
many possible combinations of even these few design
features)?

A major roadblock to understanding factors impacting
participant selectivity in EMA research is the high cost
associated with each EMA study, making it prohibitive
to systematically study these factors in an experimental
fashion (ie, it is not feasible to run complex factorial
EMA designs with sufficient sample sizes). We sought
to provide information on several design features with
some variation on the design features (rather than, eg,

conducting a more thorough parametric manipulation of
one dimension, such as sampling density or compensa-
tion). Accordingly, we implement a vignette methodology
as a cost-effective strategy for experimental research
aiming to determine if several commonly adjusted study
design factors are associated with uptake (ie, willing-
ness to participate in a study)—beginning to provide
data needed to optimise design decisions in the plan-
ning phase of applied EMA studies. We base the design
on prior work that has examined factors that affect rates
of study participation in survey research®; in this work,
vignettes describing hypothetical details of the study were
presented to each participant, followed by questions
regarding likelihood of participation in the study.

Present study and hypotheses

The primary aim (aim 1) of the present study was to
examine the extent to which four EMA design features
(study duration, frequency of EMA prompts, estimated
length of time to complete each study prompt, and
compensation) influence participants’ stated likelihood
of participating in an EMA study. Because we also seek
to understand ambivalence/certainty towards intentions
to participate, we examine two participation outcomes:
(1) a yes/no variable, hereafter termed ‘willingness to
participate’, which involves a simple binary judgement
on participation; and (2) how likely participants think
it is that they would actually participate in the study,
hereafter termed ‘participation likelihood’. The latter
measure is broadly based on theoretical frameworks from
behavioural science (eg, Theory of Planned Behavior)®
thought to reflect the degree of certainty that prospective
participants will participate or not (understanding that
such judgments are not fully accurate regarding future
behaviour). That is, participants may indicate they will
engage in endeavours they know they may later excuse
themselves from—and the likelihood of participation
variable may capture some of this uncertainty. Regarding
study design features, we hypothesised that those studies
with lower participant burden—that were of shorter dura-
tion (fewer days), with fewer prompts within each study
day, with shorter prompt lengths (ie, less time required to
complete a prompt)—and/or with higher compensation
would be associated with being more willing to partici-
pate and with higher participation likelihood.

We also had several secondary study goals. First,
because it is possible that certain study design features
may interact with one another to influence participa-
tion likelihood (eg, shorter study prompts may have a
stronger effect on participation likelihood when accom-
panied by fewer prompts per day), we examined two-way
interactions among study design variables on an explor-
atory basis (aim 2a). Additionally, we explore appraisals
about potential participation; that is, to what extent
participating in the study would be rated as interesting,
enjoyable, effortful, or making a contribution to science.
We examine if study design features were associated
with participation appraisals (Aim 2b), if participation
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appraisals are linked with participation willingness and
likelihood of participation (Aim 2c), and if study design
features and participation appraisals interact to predict
likelihood of participation (Aim 2d).

METHODS

Recruitment and study design

Other than participating in the study, it was not consid-
ered appropriate to involve patients or the public in the
design, conduct, or reporting of this research. Partici-
pants were recruited for this online experimental study via
Amazon Mechanical Turk (ie, MTurk), an online crowd-
sourcing website which allows participants to find paid
online research study opportunities. The desired sample
size of n=600 was indicated on MTurk and payment for all
participants’ compensations was uploaded directly onto
Amazon. Compensation for this study was $10 per partic-
ipant; the study took approximately 10 min to complete.
Participants’ survey data were verified by trained research
assistants to ensure data quality, and successful study
completion was indicated on MTurk for verified data.
After verification, Amazon automatically and securely
transferred compensation to participants based on their
preferred payment method. Inclusion criteria were (1)
being a current resident in the USA, (2) being over 18
years of age, (3) being fluent in English and (4) being
a ‘Master Qualified” MTurk worker on Amazon (a desig-
nation produced by Amazon reflecting a participant’s
previous completion of a high number of online tasks
with exceptionally high-performance and reliability
ratings in previous MTurk tasks).

MTurk workers were able to see the study description
(ie, a brief explanation of the study, estimated time to take
the survey, and compensation amount) on MTurk among
a list of other research opportunities they were eligible
for. Those interested selected the study’s dedicated hyper-
link which directed them to a web-based survey hosted by
asecure Qualtrics account. After being screened for inclu-
sion, eligible participants provided informed consent and
were presented with a brief written introduction. Partici-
pants were told that in the survey a hypothetical research
study would be described to them, and that they should
imagine what it would be like to participate in that study.
Participants then completed a demographic question-
naire after which they were automatically randomised (via
Qualtrics) to 1 of 16 possible study design vignettes (ie,
a fully crossed 2x2x2x2 factorial design). Each vignette
included a brief paragraph describing the hypothetical
EMA study scenario and participation requirements that
are typical in many EMA studies. These included four
different study design features: duration of study involve-
ment (subsequently referred to as ‘study duration’, condi-
tions were participation for 3days or 21 days); frequency
of EMA prompts per day (subsequently referred to as
‘prompt frequency’, conditions were 3 prompts per day or
9 prompts per day); estimated length of time to complete
each study prompt (subsequently referred to as ‘prompt

length’, conditions were 1 min or 4-5min per prompt);
and compensation (conditions were US$50 or US$150).
All chosen study design features are well within the range
of typical features for EMA studies (eg, most EMA studies
have between 3 and 9 prompts per day).

Patient and public involvement

There was no direct patient involvement for this work.
Future work, especially that examining the association of
EMA design features with study uptake in specific clinical
populations would benefit from the inclusion of patient
advisers.

Measures

Participation

After reading the randomly assigned hypothetical EMA
study vignette and its associated requirements, partici-
pants were asked to rate whether they would be willing
to participate in the study (yes/no) and participation
likelihood (ie, If you were offered participation in this
study, how likely do you think it would be that you would
actually participate, rated 0 ‘definitely would not partici-
pate’—100 ‘definitely would participate’). For the latter
item, the starting value of the sliding scale was 0; we exam-
ined responses and observed no clustering around the
starting default value.

Appraisals

Participation appraisals were chosen based on tenets from
the Theory of Planned Behavior (TPB)® which posits
that perceived behavioural intentions are influenced
by attitudes (eg, initial appraisals of the study and its
requirements) and are indicative (although imperfectly)
of actual likelihood of engaging in a targeted behaviour
(ie, self-selecting to actually participate in the study).
Although we are not testing tenets of TPB, the TPB was
used to identify on attitudes/appraisals that may (1) be
influenced by study design factors, and (2) influence
intentions to participate. Participants were asked to rate
four dimensions related to their appraisals of the study:
how interesting participating in the study would be, how
enjoyable participating in the study would be, how much
effort participation would require, and how much partici-
pating in the study would contribute to science. These partic-
ipation appraisals were measured using a visual analogue
slider scale ranging from ‘Not at all’ (0) to ‘Very’ (10),
with a starting default of 0. Numeric values were hidden
from participants (ie, participants could see ‘Not at all’
but not the ‘0’ value). We again examined responses and
observed no clustering around the starting value.

Careless responder and attention check

A single careless responder question (ie, What word
is the same as ship? Correct answer: boat) was asked to
ensure that participants were not randomly responding
to questions. Additionally, a total of four attention check
questions were asked, each corresponding to a study
parameter (eg, How many days did participation in this
study require?) to provide information as to whether
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participants had adequately attended to the presented
study design features.

Analytic plan
Given our sample size of 600, three-way and four-way
interactions would be statistically underpowered (eg, with
fewer than 40 participants per cell in analyses for four-way
interactions). As such, we opted not to conduct tests of
three-way and four-way interactions, focusing on main
effects and two-way interactions as these would provide
robust evidence by leveraging power across cells (with
approximately 300 participants per cell for main effects
and 150 participants per cell for two-way interactions) to
examine the influence of design features on intentions
to participate. Power for regression (ie, using participa-
tion likelihood as a continuous variable) was therefore
adequate (0.80) to detect small main effects (d=0.23) and
small-moderate two-way interactions (d=0.32). Statistical
power for our dichotomous outcome, particularly given
the skewed response (ie, heavily weighted toward ‘YES’
responses at 0.89), was substantially lower; thus, we only
examined main effects for this variable as even the two-
way interactions would be statistically underpowered.
Data cleaning and modelling were performed in SAS
V.9.4. As previously noted, Aim 1 of the present study
was to examine whether study design features influence
participation. All four study design features were entered
as independent variables into regression models simul-
taneously (eg, in one full factorial model). To examine
willingness to participate, a relative risk ratio model
(using PROC GENMOD with robust standard errors) was
specified to examine whether each study design param-
eter (higher study length, prompt frequency, prompt
length, and lower compensation, were specified as refer-
ents) predicted willingness to participate (dummy coded:
0=no, l=yes), (Given that distribution was heavily inflated
by participants indicating that they would participate, we
used a Poisson distribution rather than a binomial distri-
bution in all analyses using risk ratios as these produce
less biased results.) Multiple regression (using PROC
GLM) was specified to examine if study design features
predicted participation likelihood (0-100 ratings). To
assess the sub-aim (aim 2a) of whether study design
features interacted to predict participation likelihood, all
two-way interactions were added to this multiple regres-
sion model. Importantly, because this was a secondary
sub-aim, the results section first highlights the results
from aim 1 rather than the higher order significant
interactions. To address aim 2b, all four participation
appraisals were simultaneously entered into relative risk
and multiple regression models to examine whether
appraisals influenced participation. Finally, multiple
regressions were used to examine if study design features
predicted appraisals (aim 2c), and whether study design
and appraisals interacted to predict participation likeli-
hood (aim 2d). Effect sizes were calculated for all associa-
tions; the risk ratio was used as an indicator of effect size
for relative risk models and partial eta squared was used

Table 1 Sample descriptive statistics

Mean (or %

Total N frequency) SD Range
Female 599 46% - -
Married 600 48% - -
Non-hispanic 596 78% - -
white
Hispanic 595 6% - -
College degree 599 58% = =
Income $50k or 591 30% - -
higher
Age 600 40.39 10.69 22-73
Interest 599 6.95 2.73 0-10
Enjoyable 600 5.83 2.82 0-10
Effort 599 6.11 2.92 0-10
Contribution to 600 7.31 2.13 0-10
science
Estimated 600 83.90 24.92 0-100
participation
likelihood
Willingnessto 600 89% = =
participate

as an effect size for multiple regression models. Effect
sizes for partial eta-squared are 0.01 for small effects, 0.06
for medium effects, and 0.14 for large effects.

RESULTS

Preliminary analyses

Two participants (0.33%) did not complete the survey;
their data were removed from analyses. All but one partic-
ipant answered the careless responder question correctly
and most participants (87%) answered the majority of (ie,
three or four of four) attention check questions correctly.
Finally, although time spent reading the vignettes varied,
participants spent an average of 68s reading the study
vignette (SD=76.03, range 1.42-839.41) (results from aim
1 were conducted using all those randomised; these find-
ings held and became slightly stronger when those who
answered the careless responder item incorrectly, those
who answered two or fewer attention checks correct, and
those from the lowest 5% of reading time are removed
from analyses).%_28 Descriptive statistics are presented in
table 1.

Aim 1: main effects of study design features on intentions to
participate

Our primary outcomes of interest were the two variables
capturing reported intention to participate in the study.
Across all conditions, 89% of participants indicated ‘YES’
(versus ‘NO’) they were willing to participate; estimates of
participation likelihood (%) were similarly high (M=83.90;
SD=24.92). As expected, the dichotomous response of
willingness to participate was significantly correlated with
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Table 2 Participation responses for each study condition

Willingness to participate

Participation likelihood

% Yes % No M

Study duration=3 days, Prompt frequency=3 x/day, 92 8 87.08
Prompt length=1min, Compensation = US$50

Study duration=3 days, Prompt frequency=3 x/day, 97 3 92.74
Prompt length=1 min; Compensation = US$150

Study duration=3 days, Prompt frequency=3 x/day, 91 9 89.20
Prompt length=5 min, Compensation = US$50

Study duration=3 days, Prompt frequency=3 x/day, 97 3 91.87
Prompt length=5 min, Compensation = US$150

Study duration=3 days, Prompt frequency=9 x/day, 87 13 84.41
Prompt length=1min, Compensation = US$50

Study duration=3 days, Prompt frequency=9 x/day, 97 3 90.46
Prompt length=1min, Compensation = US$150

Study duration=3 days, Prompt frequency=9 x/day, 88 13 82.31
Prompt length=5 min, Compensation = US$50

Study duration=3 days, Prompt frequency=9 x/day, 89 11 84.22
Prompt length=5 min, Compensation = US$150

Study duration=21 days, Prompt frequency=3 x/day, 95 5 87.80
Prompt length=1min, Compensation = US$50

Study duration=21 days, Prompt frequency=3 x/day, 95 5 89.97
Prompt length=1min, Compensation = US$150

Study duration=21 days, Prompt frequency=3 x/day, 81 19 75.08
Prompt length=5 mins, Compensation = US$50

Study duration=21 days, Prompt frequency=3 x/day, 94 6 88.67
Prompt length=5 min, Compensation = US$150

Study duration=21 days, Prompt frequency=9 x/day, 78 22 72.83
Prompt length=1min, Compensation = US$50

Study duration=21 days, Prompt frequency=9 x/day, 97 3 91.51
Prompt length=1min, Compensation = US$150

Study duration=21 days, Prompt frequency=9 x/day, 74 26 62.92
Prompt length=5 min, Compensation = US$50

Study duration=21 days, Prompt frequency=9 x/day, 75 25 68.11

Prompt length=5 min, Compensation = US$150

Percentages may not sum to 100% due to rounding.

continuous participation likelihood (r,=0.81), indicating
that those who were unwilling to participate had a lower
participation likelihood (M=25.59, SD=20.59) and those
willing to participate had higher participation likelihood
(M=90.86, SD=13.80). Participation responses for each of
the sixteen conditions are available in table 2.

All main effects of study design on willingness to partic-
ipate were significant in the expected directions (see
figure 1). Shorter study duration was associated with
greater willingness to participate (RR=1.07, SE=0.03,
p=0.016, CI 1.01 to 1.13). Of those in shorter study dura-
tion condition, 92% selected YES they were willing to
participate, whereas in the longer study duration condi-
tion 86% selected YES they were willing to participate.
Lower prompt frequency was associated with greater
willingness to participate (RR=1.09, SE=0.03, p=0.004,
CI 1.03 to 1.15). Of those in lower prompt frequency

condition, 93% selected YES they were willing to partici-
pate, whereas in the higher prompt frequency condition
86% selected YES they were willing to participate. Shorter
prompt length was associated with greater willingness
to participate (RR=1.07, SE=0.03, p=0.013, CI 1.02 to
1.13). Of those in shorter prompt length condition, 92%
selected YES they were willing to participate, whereas in
the longer prompt length condition 86% selected YES
they were willing to participate. Higher compensation
was associated with greater willingness to participate
(RR=1.08, SE=0.03, p=0.005, CI 1.02 to 1.15). Of those in
higher compensation condition, 93% selected YES they
were willing to participate, whereas in the lower compen-
sation condition 86% selected YES they were willing to
participate. In the model overall, 11% of the variance in
willingness to participate was explained by the four study
design features main effects.
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Figure 1 Participation by study design factors.

All main effects for participation likelihood were
in expected directions (see figure 1), demonstrating
modest but statistically significant effects. Study duration
(b=—7.82, SE=1.97, p<0.001, np2:0.026) , prompt frequency
(b=-8.07, SE=1.97, p<0.001, np2=0.028), prompt length
(0=—6.78, SE=1.97, p=0.001, np2=0.020), and compensa-
tion (0=6.88, SE=1.97, p=0.001, T]p2:().021) each signifi-
cantly predicted participation likelihood such that those
in the less burdensome and higher compensation condi-
tions rated their participation likelihood higher than
those in the more burdensome and lower compensation
conditions.

Aim 2A: interactions between study design features

On an exploratory basis, we examined all possible two-
way interactions between study features for their effects
on participation likelihood (see figure 2). There were
two small but statistically significant two-way interactions:
study duration interacted with prompt length (4=-9.63,
SE=3.89, p=0.014, np2=0.()10) such that those in both
the longer study duration and longer prompt length
conditions reported the lowest estimated participation
likelihood compared with those in all other conditions.
Prompt frequency similarly interacted with prompt length
(b==7.66, SE=3.88, p=0.049, np2=0.001), such that those
in both the more frequent prompts and longer prompt
conditions reported the lowest estimated participation
likelihood compared with those in all other conditions.
The overall model including main effects and 2-way inter-
actions, only very minimally increased variance explained
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80
70
60
50
30
20
10

0

Participation Likelihood
S
(=}

Long study Long study Short study Short study
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and long and short and long and short
prompt prompt prompt prompt
length length length length
Figure 2 Two-way study design interactions predicting

participation likelihood.

(to slightly more than 11%) over the model with only
main effects.

Aim 2B: main effects of study design features on participation
appraisals

Results for associations between study design features and
participation appraisals are shown in table 3. When exam-
ining how interesting participating in the study would be,
only prompt frequency was predictive of participants’
ratings. Those in the fewer prompts condition expected
participation to be more interesting (M=7.23) than those
with more frequent prompts condition (M=6.67). When
examining how enjoyable participating in the study would
be, study duration and prompt frequency were predic-
tive of participants’ ratings. Those in the shorter study
condition rated expected participation to be more enjoy-
able (M=6.08) than those in the longer study condition
(M=5.54), and those in the fewer prompts condition rated
expected participation to be more enjoyable (M=6.25)
than those in the more frequent prompts condition
(M=5.36). When examining how effortful participating
in the study would be, study duration, prompt frequency,
and prompt length were all predictive of participants’
appraisals. Those in the shorter study condition rated
the study as requiring less effort (M=5.50) than those
in the longer study condition (M=6.70). Those in the
fewer prompts condition rated the study as requiring less
effort (M=5.80) than those in the more frequent prompts
condition (M=6.40). Those in the shorter prompts condi-
tion rated the study as requiring less effort (M=5.60) than
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Table 3 Main effects of study design on interest, enjoyment, study effort, and contribution to science

Interest Enjoyment

b SE 1’ b SE N
Intercept 7.36™* 0.25 - 6.45*** 0.26 -
Study duration -0.31 0.22 0.003 -0.54* 0.23 0.010
Prompt frequency -0.56* 0.22 0.011 -0.89"** 0.23 0.025
Prompt length -0.39 0.22 0.005 -0.14 0.23 0.001
Compensation 0.43 0.22 0.006 0.28 0.23 0.003

Effort Contribution to science

b SE 1’ b SE 0’
Intercept 4.73"* 0.26 - 7.32 0.20 -
Study duration 1.19% 0.23 0.044 0.24 0.18 0.0083
Prompt frequency 0.60* 0.23 0.011 -0.30 0.18 0.005
Prompt length 1.01* 0.23 0.031 -0.07 0.18 <0.001
Compensation -0.16 0.23 0.001 0.10 0.18 0.012

*P<0.05; **P<0.01; **P<0.001.

those in the longer prompts condition (M=6.60). None
of the study design features were significantly associated
with ratings about the extent to which participation would
contribute to science. Finally, all participation appraisals
were positively correlated with one another (table 4).
Bivariate correlations between participation appraisals
and participation likelihood are shown in table 4.

Aim 2C: main effects of participation appraisals on intentions
to participate

Next, we examined whether participation appraisals
predicted willingness to participate and participation
likelihood (see table 5). Given the high corrections
between interest and enjoyment, we also combined these
to account for potential multicollinearity. Results of the
combined measure were broadly consistent with the
results presented in table 5. There was a significant posi-
tive association between appraisals of interest and enjoy-
ment on willingness to participate; those who indicated
participation would be more interesting or enjoyable
were more likely to indicate they would participate. There
was a significant negative association between effort and
willingness to participate; those who indicated participa-
tion would be more effortful were less likely to indicate
they would participate. Finally, those who indicated the
study would be more interesting, enjoyable, and make a

greater contribution to science reported greater partic-
ipation likelihood; those who indicated participation
would require more effort reported lower participation
likelihood.

Aim 2D: interactions between study design features and
participation appraisals

Finally, we explored all sixteen two-way interactions
between each study design parameter (ie, study dura-
tion, prompt frequency, prompt length, and compen-
sation) with each participation expectation (ie, study
interest, enjoyment, effort and contribution to science)
in regressions predicting participation likelihood. Of the
16 possible interactions, 8 interactions were significant,
and all showed a similar pattern of association (simple
slopes for significant interactions are shown in table 6;
see figure 3). Results suggested that study duration inter-
acted with interest (6=2.94, SF=0.63, p<0.0001, np2:0.036),
enjoyment (6=2.49, SFE=0.62, p<0.0001, np2:O.027), and
contribution to science (6=4.32, SE=0.85, p<0.0001,
n *=0.042). More favourable participation appraisals were
linked with higher participation likelihood and this asso-
ciation was stronger in the longer study duration condi-
tion. Prompt frequency interacted with both interest
(0=2.85, SE=0.63, p=0.0002, 1 *=0.023) and enjoyment
(6=3.05, SE=0.62, p<0.0001, npé):0.040). More favourable

Table 4 Correlation table for interest, enjoyment, study effort, and contribution to science

Interest Enjoyable Effort Contribution to science
Enjoyable 0.82*** - - -
Effort 0.14** 0.16™* - -
Contribution to science 0.61* 0.59* 0.20** -
Participation likelihood 0.48** 0.46** -0.15"* 0.37***

**P<0.001.
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Table 5 Main effects of participation appraisals on
willingness to participate and participation likelihood

Willingness to participate

RR SE CI
Interest 1.03*** 0.01 1.01 to 1.05
Enjoyment 1.02* 0.01 1.00 to 1.03
Effort 0.98**  <0.01 0.97 to 0.99
Contribution to science 1.02 0.01 1.00to 1.04

Participation likelihood

b SE n,’
Intercept 57.03** 3.35 -
Interest 2.39* 0.57 0.029
Enjoyment 1.87* 0.54 0.020
Effort -2.08"** 0.30 0.077
Contribution to science 1.65"** 0.52 0.017

*P<0.05; **P<0.01; ***P<0.001. Enjoyment lower bound is slightly
above 1.00 but rounded for display.

participation appraisals were linked with higher partici-
pation likelihood and this association was stronger in the
more frequent prompt condition. Prompt length inter-
acted with interest (6=1.81, SE=0.64, p=0.0049, np2=0.014),
enjoyment (6=2.24, SF=0.62, p=0.0003, np2=0.022), and
contribution to science (=2.43, SE=0.87, p=0.0052,
n.2=0.013). More favourable participation appraisals were
linked with higher participation likelihood and this asso-
ciation was stronger in the longer prompt length condi-
tion. There were no significant interactions with study
compensation or with appraisals of effort.

DISCUSSION
The overarching purpose of the present study was to
experimentally manipulate hypothetical study design

Study Duration: 21 days
3 days

100

80

60

Participation Likelithood

40
0 2 4 6 8 10
Interest
Figure 3 Representative simple slopes of two-way
interactions between study design features and participation
appraisals predicting estimated participation likelihood.

features of an EMA study to examine if study duration,
prompt frequency, prompt length and compensation
influenced willingness to participate and participation
likelihood using design features common among EMA
studies. We used two different participation outcomes:
willingness to participate, indicating participants' initial
yes/no response to the study, and participation like-
lihood, where participants judged the extent to which
they thought they would actually participate (potentially
reflecting any uncertainty in their initial yes/no deci-
sion). This was meant to emulate the early processes of
participant recruitment into patient-reported outcome
studies (eg, based on outreach regarding a potential
study). Broadly reflecting the view that perceptions
regarding participation burden influences willingness
to participate,”® our hypotheses were that shorter study
duration, fewer prompts per day, shorter prompts (in
terms of minutes to complete), and higher compen-
sation would be associated with more willingness to

Table 6 Simple slopes for significant interactions between study design features and participation appraisals predicting

estimated participation likelihood

Interest Enjoyment Contribution
b SE b SE b SE
Study duration
3days 2.45%* 0.48 2.51% (0.46) 1.96 0.64
21 days 5.40"* 0.41 5.00* (0.42) 6.28"* 0.56
Prompt frequency
3x day 2.88** 0.46 2.35%* 0.44 - -
9x day 5.23** 0.44 5.41** 0.44 - -
Prompt length
1min per prompt 311 0.48 2,71 0.45 3.02** 0.65
5min per prompt 4.92** 0.43 4.95"* 0.43 5.45"* 0.57

***P<0.001. There were no significant interactions for compensation or study effort; we did not examine simple slopes for non-significant

interactions.
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participate and higher participation likelihood. These
hypotheses were all supported. Moreover, interactions
among study design factors indicated the importance
of prompt length: longer prompt lengths coupled with
either longer study duration or more frequent prompts
were especially likely to have lower ratings of participa-
tion likelihood. Together, results from the present study
provide proof of concept; study design features have
long been assumed to be linked with intentions to partic-
ipate. These results are consistent with this premise,
indicating that study design features likely influence
participants’ motivation and stated willingness to enrol
in EMA studies.

In the present study, most participants (89%) indi-
cated that they were willing to participate in the hypo-
thetical EMA studies. Actual study enrolment, however,
is likely to be much lower. For example, other studies
have found that initial reported willingness (as we used
in this study) to participate in EMA studies was very high
(eg, 66%—-83% of invited participants provided indi-
cation of willingness to participate), but actual study
enrolment was substantially lower (ranging from 16% to
45%).” The results presented here suggest that study
design features have a modest but significant influence
on intentions to participate, but this design does not yet
provide evidence as to whether, and to what degree, these
influence actual study enrolment. That said, consistent
with evidence that participant burden and participant
reward (eg, compensation) influence self-selection into
studies,” * study compliance,” ™ and study attrition,” it
seems plausible that study design features should exhibit
effects on actual study enrolment. Based on these find-
ings, it will be useful for future research to examine
the effects of EMA study design on both intentions and
actual study enrolment.

Although the effect sizes for the influence on intended
participation for any one study design feature individu-
ally were generally of modest magnitude, these can have
meaningful cumulative impact on likelihood and inten-
tions to participate in an EMA study, as can be seen in
table 2. For example, of those in the most ‘desirable’
condition (lowest study duration, prompt frequency, and
prompt length with the highest compensation), 97%
indicated they were willing to participate and ratings of
participation likelihood were ~93%. In contrast, of those
in the least desirable condition (highest study duration,
prompt frequency, and prompt length with the lowest
compensation), only 74% indicated they were willing to
participate and ratings of participation likelihood were
~63%. Indeed, these findings highlight the importance
of carefully considering study design features as partic-
ipants seem to be substantially less likely to participate
in very burdensome designs. Clearly it will be essential
to design studies that can adequately test (eg, with suffi-
cient statistical power) the 3- and 4-way interactive effects
of multiple study design features (although we note that
such studies would require several thousand participants
to do so).

Participation appraisals

It was expected that study design features requiring less
burden and higher reward would be associated with
increased interest and enjoyment and perceived as less
effortful. Our results generally supported these hypoth-
eses. In these analyses, prompt frequency seemed to play
an important role: Those in the less frequent prompt
condition indicated that they thought the study would
be more interesting, enjoyable, and require less effort.
Shorter prompt lengths, however, elicited weaker associ-
ations between participation appraisals and participation
likelihood; it may be the case that participants believe that
shorter prompt lengths imply cruder assessments that are
less helpful towards achieving study goals.

The results of the present study generally indicated that
more intensive and, presumably, burdensome studies (eg,
longer study duration, more frequent prompts) may be
interpreted as being less interesting and enjoyable, and
requiring more effort—possibly limiting participant
interest to self-select into such EMA trials. We also found
that participant appraisals exhibited largely consistent
associations with intentions to participate, suggesting that
how participants expect to feel during the study, and the
potential benefits they see from the study (eg, contribu-
tion to science) can play a role in whether they decide to
participate. Future research is needed to further explore
the influence of appraisals on selfsselection into EMA
trials and to extend this to other factors not explored in
the present study (eg, motivation to enrol in studies of
personal import). This type of work is necessary to deter-
mine the extent to which individuals who agree to partici-
pate in these studies differ from those who do not agree to
participate. For instance, those who participate may have
relatively high levels of motivation, interest, and a sense
of being able to complete the required reporting tasks.
This may skew EMA participant samples toward individ-
uals who find meaning in their participation (eg, patients
hoping the research will help others with the same
illness), who are more familiar with electronic devices,
or those with certain personality characteristics (eg, high
conscientiousness, openness to experience). Moreover,
there may be important interactions between individual
factors that influence participation in EMA studies (such
as motivation or personality) and study design features
(eg, those with less motivation may be especially unlikely
to participate in studies with burdensome designs or
more strongly influenced by greater compensation).

Interactions between study design features and participation
appraisals

Interestingly, there were several significant interac-
tions between study design features and participation
appraisals in consistent directions. These suggested that
participation appraisals played a stronger role in partici-
pation likelihood when study design features were more
intensive or burdensome (eg, longer study duration,
more frequent prompts, longer prompts). Although
speculative, this could suggest that studies that are more
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interesting, enjoyable, or are thought to provide an
important contribution to science act as a sort of buffer
against more burdensome study design features. Alter-
natively, one could view this as suggesting that more
intensive studies need to highlight the potential benefits
to offset the burden of participating (eg, during recruit-
ment or study training procedures, highlighting to partic-
ipants the significance of their contributions to science
and improving health research). One recent study,’ for
example, found that simply providing participants with a
highly descriptive study overview session before participa-
tion significantly changed perceived willingness to enrol
in studies requiring the use of mobile devices for ambula-
tory data capture.

It is also potentially important to note that two vari-
ables, compensation and expected effort to participate,
did not interact with any other variables; in both cases,
the main effects of these variables on participation like-
lihood were consistent. This may suggest that compensa-
tion and expected effort are particularly important and/
or have a uniform role in influencing intentions to partic-
ipate, highlighting that researchers should pay careful
consideration to these when designing their studies (eg,
providing maximal compensation without introducing
coercion; providing participants with 24/7 technical
assistance to ease the burden of interacting with mobile
technologies)."

Limitations

There are several limitations to the present study. First,
although MTurk has been used widely in social and
behavioural science in recent years due to its capacity for
efficiently recruiting and compensating large samples
of research subjects,” the generalisability of data from
MTurk convenience samples compared with population-
based samples is still unclear.”® * The MTurk sample
here was research savvy (given their ‘Master Qualified’
status) and perhaps more likely inclined to participate
in EMA (or any) studies. Thus, the results in the present
study may not generalise to ‘research naive’ samples,
and perhaps represent a conservative estimate of the
influence of design features on intentions to participate.
Second, all study design features examined in the present
study were extreme in nature (ie, 3 vs 21 days duration)
and do not provide fine-grained information regarding
if there are ‘dosage’ effects for design features or thresh-
olds at which a design feature becomes too burdensome
(eg, 1-9 EMA prompts per day is acceptable but 10+ is too
burdensome). As a result, we cannot yet make specific
suggestions as to what composition of study design
features future EMA studies should utilise to maximise
the likelihood of participation. Rather, our results suggest
that study design features are an important aspect of
research participation that EMA researchers should care-
fully consider. Third, the present study was not powered
to examine higher order interactions. Future research
with larger samples are needed to explore how various
combinations of design features influence participation.

Fourth, the present study focused on behavioural inten-
tions to participate in hypothetical EMA studies and addi-
tional factors thought to influence behavioural intentions
(eg, interest, effort). Yet, behavioural intentions are not
always strongly related to behavioural engagement®’ and
initial willingness to participate in EMA studies seems to
be much higher than actual study enrolment.” Thus,
studies that measure enrolment based on EMA design
features are needed to determine which, and for whom,
study design features matter most. Finally, given the
exploratory nature of this work, we conducted multiple
statistical tests without correction (although the consis-
tency in the patterning and effect sizes of results reduces
concern about potential type I error).

CONCLUSION

It is a widely accepted notion that study design features
influence who decides to participate in EMA studies, yet
there is limited empirical evidence exploring this presup-
position. The purpose of the present study was to examine
whether study design features (study duration, prompt
frequency, prompt length, and compensation) influ-
enced intentions to participate in a hypothetical EMA
study. Consistent with theories that higher participant
burden should be linked with lower study uptake, studies
with longer study duration, more frequent prompts,
longer prompts, and lower compensation produced
less reported willingness to participate and lower partic-
ipation likelihood. Results of the present study provide
a proof of concept that EMA design features influence
behavioural intentions to participate in EMA studies
and provide initial evidence of the impact of a subset of
specific design features.
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