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A B S T R A C T

The influence of momentary experiences on compliance has not yet been studied extensively in diary methods
such as the experience sampling method (ESM). This study investigated to what extent momentary experiences
at the moment of responding (hereafter ‘beep’) can predict compliance in high frequency ESM protocols. Lagged-
analyses were conducted using a pooled dataset of seven studies including 1,318 healthy volunteers and in-
dividuals with different mental health conditions. All studies used an ESM design of 10 beeps per day over 4 to 6
days. Overall compliance was 86% (to beeps where a subject was compliant at the previous beep). Results
indicated that participants who reported higher positive affect overall were more compliant. Feeling disturbed
by a beep, being outside the home, medication use, or longer inter-prompt interval decreased the chances of
compliance to the subsequent beep. While participants with depression tended to be more compliant, chances to
be compliant decreased in the evenings and over the course of the study days. When more beeps were missed
consecutively, the chances to miss the subsequent beep increased. Findings suggest that disturbance of the beep,
being outside the home, medication use, and inter-prompt interval might decrease the chances of compliance to
the subsequent beep.

1. Introduction

The experience sampling method (ESM), also known as ecological
momentary assessment (EMA), is a structured diary method to fre-
quently assess momentary experiences in daily life, including mood,
thoughts, symptoms, activity, location, stress, and social context
(Ebner-Priemer and Trull, 2009; Trull and Ebner-Priemer, 2009). ESM
is believed to be a feasible method to capture daily life experiences and
behaviors in mental health research (Myin-Germeys et al., 2009, 2018),
with advantages over traditional retrospective questionnaires including
less recall bias and improved ecological validity (e.g., Myin-
Germeys et al., 2009; Solhan et al., 2009; Trull and Ebner-
Priemer, 2009). This has resulted in an exponential growth of ESM
studies, especially in mental health research (Aan het Rot et al., 2012;
Fahrenberg et al., 2007; Morren et al., 2009; Myin-Germeys et al., 2009;
Shiffman et al., 2008).

Despite these advantages, the high frequency of the assessments can
be a serious burden for participants (Delespaul, 1995; Palmier-

Claus et al., 2011). In addition, compliance with the intended assess-
ment scheme might be negatively impacted by having participants
evaluate their experiences without the presence of a researcher or a
health-care professional (Myin-Germeys et al., 2009).

Little is still known about factors that influence compliance.
Previous methodological ESM studies that have studied predictors of
overall compliance have mainly focused on personal, study, and time
characteristics (Courvoisier et al., 2012; Hartley et al., 2014;
Messiah et al., 2011; Ono et al., 2019; Rintala et al., 2019;
Vachon et al., 2019). However, the influence of a subject's mental and
physical state and the context surrounding a diary signal (hereafter
‘beep’) on compliance has been studied far less frequently (e.g., are
participants less likely to respond to a beep if they are experiencing
high levels of stress at the moment of the beep?). If a participant does
not respond to a beep, this is generally assumed to be a random oc-
currence, that is, independent of the phenomenon one wants to capture,
such as mood, symptomology, or other daily life experiences
(McLean et al., 2017). However, if a participant is more likely to be
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compliant under certain circumstances, for example when he or she is
in a positive mood or when alone, then the ecological validity of the
ESM could be diminished (Scollon et al., 2003).

To study such associations, we would need information about the
momentary state of participants not only surrounding beeps that were
responded to, but also for planned assessments that were missed.
However, we typically lack self-reported information for beeps that
were missed unless passive sensors are used in combination with ESM
(e.g., high heart rate (variability) as an indicator of stress or frequent
changes in Bluetooth signals as a rough proxy for being outside the
home). See Boukhechba et al. (2018) and Sarker et al. (2014) for ex-
ample studies combining ESM with passive sensor data.

One way to circumvent this conundrum is by studying whether
certain momentary experiences captured at a beep that was responded
to are predictive of compliance to the subsequent beep. To date, only a
few ESM studies have investigated such time-lagged associations
(Silvia et al., 2013; Sokolovsky et al., 2014). Silvia et al. (2013) in-
vestigated the lagged effects of self-reported emotions (i.e., happiness,
relaxation, enthusiasm, sadness, and anxiety) and experiences (i.e.,
current activity and fatigue) in a sample of 450 young healthy adults
using an ESM protocol of 7 days with 8 random beeps per day
(Silvia et al., 2013). The authors concluded that emotions and experi-
ences reported at particular beeps are not a major source of non-com-
pliance at the following beeps, and they only found that feeling en-
thusiasm predicted higher chances of nonresponse at the following
beep. The authors hypothesized that participants might have felt more
enthusiasm when engaging in certain activities, which might have in-
terfered with responding to the following beep (Silvia et al., 2013). In a
similar vein, Sokolovsky et al. (2014) observed that healthy adolescents
(n = 461) reporting higher positive affect (PA) and being outside their
home at a beep increased the risk of non-compliance at the following
beep when using an ESM protocol of 7 days with 5 to 7 random beeps
per day. The same authors also found that longer inter-prompt intervals
between beeps predicted non-compliance. The association between PA
and non-compliance at the following beep might result from decreased
awareness of the beep when adolescents are in a high positive emo-
tional state (Sokolovsky et al., 2014).

Although these studies provide some initial evidence that com-
pliance might be associated with certain momentary states, further
research into this topic is warranted. Moreover, to the best of our
knowledge, previous studies have not yet investigated such associations
in clinical populations. Therefore, the objective of this study is to in-
vestigate to what extent beep-level factors can predict compliance at
the subsequent beep when using high frequency ESM protocols (4 to 6
study days with 10 semi-random assessments per day) in a large sample
of participants with different mental health conditions.

2. Methods

2.1. Participants and procedure

Analyses were conducted using a pooled dataset of seven studies
comprising a total of 1354 participants and 72,954 ESM observations.
An overview of the studies in the pooled dataset is provided in sup-
plementary file 1. Sufficient data for inclusion in the analysis was
available for 1318 (97.3%) participants. Twenty-eight participants
were excluded due to missing data in one or multiple predictors at each
beep,1 four participants were excluded due to missing age values, three
participants were excluded due to missing information on mental health

status, and one participant was excluded due to missing data for gender.
Removal of the first beep of each day (to avoid lagged associations that
span the night) and beeps where the prior beep (and hence all predictor
variables) were missing (or where participants left one or more of the
predictor variables of interest unanswered) left a total of 36,326 ob-
servations with 5665 non-response observations for the actual analyses.
The final sample comprised 972 (73.6%) female and 346 (26.3%) male
participants with a mean (SD, range) age of 32 (11.0, 16–65) years.
Among the participants, 796 (60.4%) were classified as healthy sub-
jects, 203 (15.4%) were at-risk for psychosis (e.g., having a first-degree
relative with a psychotic disorder or having a high score on a sub-
clinical psychosis scale), 190 (14.4%) were suffering from some form of
psychosis, and 129 (9.8%) had a diagnosis of major depressive disorder
or were suffering from residual symptoms. The local ethics committees
approved all studies included in the pooled dataset.

All studies in the dataset used an ESM protocol where data were
collected through a paper-and-pencil diary and a digital wristwatch for
either 4, 5, or 6 consecutive study days (e.g., Collip et al., 2011; Collip
et al., 2013a; Collip et al., 2013b; Geschwind et al., 2011;
Wigman et al., 2015). Participants received 10 randomized beeps per
day within 90-minute intervals between 7.30 a.m. and 10.30 p.m (i.e.,
7.30 a.m. to 9.00 a.m., 9.00 a.m. to 10.30 a.m., and so on, with 10-
minute time windows at the beginning and end of each interval where
no beeps were allowed to occur, to avoid adjacent beeps occurring too
close or too far apart in time). The beep times were programmed in a
digital wristwatch, and these times were blinded from the participants.
Participants reported the response time to every beep into the diary.
After the study, a researcher matched the self-reported response times
with the randomized schedule triggered by the digital wristwatch.

Most items in the ESM questionnaires were scored on a 7-point
Likert scale (e.g., “I feel cheerful” with 1 = ‘not at all’ to 7 = ‘very
much’). A few questions were open-ended (e.g., “What am I doing?”) or
were scored on a bipolar scale (e.g., event-related question “This event
was” -3 = ‘very unpleasant’ to +3 = ‘very pleasant’) or a binary scale
(e.g., “I am alone” with response options ‘Yes’ or ‘No’). A questionnaire
example is presented in supplementary file 2.

2.2. Measures

2.2.1. Compliance
Compliance was defined as having a self-reported response time that

fell within a time window of 5 min before and 15 min after the beep
programmed into the wristwatch. This time window is considered ac-
ceptable when using a paper-and-pencil diary and a digital wristwatch,
as participants might report a response time from a different device
than the digital wristwatch itself (e.g., a kitchen or a cell phone clock)
that is not synchronized with the wristwatch (Delespaul, 1995). In
addition, participants might need time to stop their current activity to
start answering the diary (e.g., driving). Compliance was scored di-
chotomously (0 = not answered within the time window, 1 = an-
swered within the time window). This resulted in 40 to 60 values for
each participant depending on the length of the study (i.e., 4 to 6 days).

2.2.2. Beep-level predictors
Beep-level variables were divided into six categories. An overview

of these predictors and the corresponding hypotheses is provided in
Table 1.

Emotional characteristics. Participants rated their positive (PA) and
negative (NA) affect on a 7-point Likert scale, ranging from 1 (not) to 7
(very). PA was computed based on the mean of the items “cheerful”,
“satisfied”, and “relaxed”, while NA was based on the mean of the items
“uncertain”, “lonely”, “anxious”, “guilty”, “down”, and “irritated”. The
items for these composites were chosen because they were assessed in
all of the included studies (the set of emotional characteristic items
included in the various studies varied slightly) and because previous
ESM studies have used the same or similar items to assess PA and NA

1 These participants missed different items at each responded beep for un-
known reasons. For example, one subject filled in affect-related items on some
occasions, but did not fill in stress- or contextual-related items. In other words,
these participants lacked consistently either one or several beep-level predictors
of interest in their dataset.
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(e.g.,Collip et al., 2013a; Habets et al., 2012; Lataster et al., 2013).
Reliabilities of these composites at the person and beep levels were 0.90
and 0.76 for PA and 0.91 and 0.68 for NA, respectively.

Stress-related characteristics. Activity and social stress were defined
according to previous ESM studies (e.g., Collip et al., 2013b; Myin-
Germeys et al., 2001). Activity stress was assessed using the mean of the
items “I am skilled to do this activity” (reverse scored), “I prefer doing
something else”, and “This is a challenge”, while social stress was mea-
sured using the mean of the items “I prefer being alone” and “I like this
company” (reverse scored). All items were rated on a 7-point Likert
scale. Social stress was only measured when participants reported being
with others and hence was not filled out at every beep.

For event pleasantness, participants were asked to recall the most
important event that happened between the current and the previous
beep. This event was then rated on a 7-point bipolar scale (-3 = ‘very
unpleasant’ to +3 = ‘very pleasant’). Event pleasantness was reverse
coded so that higher scores reflect higher unpleasantness. Previous ESM
studies have used this item to indicate “event-related stress”
(Collip et al., 2011; Lataster et al., 2013).

Contextual characteristics. We defined a participant's location, social
situation, and the level of disturbance due to the beeps as contextual
characteristics. Location (0 = at home, 1 = outside home) and social
situation (0 = with others, 1 = alone) were coded as dummy variables.
The degree of disturbance due to a beep was measured with the item
“This beep disturbed me” (7-point Likert scale).

Physical state characteristics. Items that reflect a participant's phy-
sical state were evaluated with 4 items, namely “I am active”, “I am
unwell”, “I am tired”, and “I am hungry” (7-point Likert scale).

Substance use characteristics. The questionnaires also included
questions for tobacco, alcohol, and medication use. Participants were
asked to indicate which substances they had consumed since the pre-
vious beep (each coded dichotomously).

Time characteristics. We included one time characteristic in the
analyses, namely the inter-prompt interval (IPI). IPI was included as a
continuous variable that reflects the time between the prior and the
subsequent beep. To clarify, suppose a participant responded to beeps 4
and 5 on a particular day. Then the contextual variables at beep 4 were
used to predict compliance at beep 5 (in this case, ‘yes’) and the amount
of time (in minutes) between beep 4 and beep 5 was the IPI. Similarly,
the contextual variables at beep 5 were used to predict compliance at
beep 6 (in this case, ‘no’) and the IPI was the time between beeps 5 and
6. For the analyses, we centered the IPI values around the expected

average time between beeps (i.e., 90 min) and rescaled these deviations
to 15-minute units to avoid an overly small coefficient (i.e., this vari-
able was coded (IPI – 90) / 15).

2.3. Statistical analyses

Analyses were conducted using multilevel mixed-effects logistic
regression models with dichotomous and continuous predictors as time-
lagged variables. First, we fitted an empty model to investigate the
overall compliance in the pooled studies. Second, we fitted individual
predictor models with one time-lagged variable at a time using age,
gender, clinical population, chronological study days, time of the day,
and weekdays as covariates. The coding of these covariates is described
in supplementary file 3. We also included a covariate in these models
that represents the number of missed beeps prior to the beep from
which the lagged predictor values were obtained, as a way to approx-
imate the autocorrelation in the outcome (which cannot be modeled
directly by including the lagged outcome as predictor, since the analysis
only included beeps where participants responded to the previous
beep). To illustrate the coding of this predictor (denoted ‘prior missed
beeps’), see supplementary file 4.2 Third, we fitted a multivariable
model with all individual predictors and covariates except social stress.
We decided to exclude social stress from the multivariable model, be-
cause it was the only item that was linked to a branching logic (i.e., only
people engaged in social interactions during the lagged beep answered
items related to social stress), and therefore many observations would
be lost for this analysis. Finally, we fitted a model similar to the one
presented by Sokolovsky et al. (2014) to see if we could replicate their
findings using similar characteristics. In this replicate model, we only
included the healthy participants as the sample studied by
Sokolovsky et al. (2014) had no clinical diagnosis. All of these models
included random effects for subjects within study, day number within

Table 1
List of predictors at the beep level and corresponding hypotheses.

Predictor Type Compliance tends to be lower following beeps

Emotional characteristics
Positive affect Continuous … where persons report less positive affect
Negative affect Continuous … where persons report high negative affect
Stress-related characteristics
Activity stress Continuous … where persons report more activity stress
Social stress Continuous … where persons report more social stress
Event pleasantness Continuous … where persons report more event pleasantness
Contextual characteristics
Location Dichotomous … where persons are outside their home
Social situation Dichotomous … where persons are with others
Disturbed by the beep Continuous … where persons are disturbed by the beep
Physical state characteristics
Being active Continuous … where persons are more active
Being tired Continuous … where persons are more tired
Being unwell Continuous … where persons are more unwell
Being hungry Continuous … where persons are more hungry
Substance use
Tobacco use Dichotomous … where persons report tobacco use since the last beep
Alcohol use Dichotomous … where persons report alcohol use since the last beep
Medication use Dichotomous … where persons report medication use since the last beep
Time characteristics
Inter-prompt interval Continuous … that have a longer inter-prompt interval

2 We conducted an additional analysis where we investigated whether the
number of prior missed beeps predicts compliance at the subsequent beep,
controlling for age, gender, clinical population, chronological study days, time
of the day, and day of the week. The model confirmed our hypothesis that a
higher number of prior missed beeps increases the chances of non-compliance
at the subsequent beep (χ2 = 36.4; df = 1; OR = 0.894; p < .0001), as would
be expected under positive autocorrelation. Based on this model, we estimate
that the odds of non-compliance increases by 12% (95% CI: 8% to 16%) for
each additional prior missed beep.
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subjects, and beep number within subjects, with the last two random
effects entered as crossed random effects. The time-lagged predictors
were included in the models as between-subject (BS) variables (by en-
tering the subject-level means) and as within-subject (WS) variables (by
entering the deviations from the subject-level means) simultaneously.
This allowed us to investigate differences in compliance for example
between individuals that report on average different amounts of ne-
gative mood throughout the study period (BS) and changes in com-
pliance at the subsequent beep when a person reports different amounts
of negative mood at particular moments (WS). Model coefficients were
tested with Wald-type chi-square tests, with α = 0.05 as the cutoff for
significance. Accordingly, all reported confidence intervals (CIs) are
95% CIs. Analyses were conducted using R 3.5.1 (R Development Core
Team, 2016) with packages lme4 (Bates et al., 2015), car (Fox and
Weisberg, 2011), and multcomp (Hothorn et al., 2008).

3. Results

Overall response compliance was 86% (CI: 85% to 86%). This value
is higher than the overall compliance (78%) that has been reported for
the individual studies included in this pooled dataset (Rintala et al.,
2019), because our analyses were restricted to beeps where a subject
was compliant at the previous beep. Descriptive information for the
predictors and compliance rates for the different mental health condi-
tions are presented in Table 2. The findings from the individual pre-
dictor and multivariable models are presented in Table 3, and the

model replicating Sokolovsky et al. (2014) is presented in Table 4.

3.1. Individual predictors of compliance

Covariates. In all individual predictor models, higher age and fewer
missed beeps prior to the lagged response increased the chances to be
more compliant at the subsequent beep (supplementary file 5). Gender
was not a significant predictor of compliance in any of the models. In all
individual predictor models except the one for social stress, participants
with depression were more likely to be compliant compared to the
healthy participants, the chances to be compliant was lower for every
day compared with the first study day, for every beep compared with
the second beep of the day, and during the weekday compared to the
weekend. Participants who were at-risk for psychosis tended to be less
compliant compared to the healthy participants, but only in the model
examining social stress.3

Emotional characteristics. On the between-subject level, participants
who reported higher PA overall were more compliant (χ2 = 24.0;
df = 1; OR = 1.169; p < .0001) and participants who reported higher
NA overall were more likely to be non-compliant (χ2 = 17.9; df = 1;
OR = 0.818; p < .0001). On the within-subject level, higher PA in-
creased the chances of compliance at the subsequent beep (χ2 = 3.9;
df = 1; OR = 1.032; p = .049), while NA was not associated with
compliance at the subsequent beep (p = .77).

Stress-related characteristics. Participants who reported higher ac-
tivity stress (χ2 = 13.6; df = 1; OR = 0.844; p = .0002) or higher
event unpleasantness (χ2 = 10.2; df = 1; OR = 0.887; p = .001)
overall across the study were more likely to be non-compliant. Social
stress was not associated with compliance (BS: p = .90; WS: p = .84).

Contextual characteristics. Participants feeling more disturbed by the
beep had decreased chances to be compliant in both between- and
within-subject levels (BS: χ2 = 5.1; df = 1; OR = 0.949; p = .024; WS:
χ2 = 21.3; df = 1; OR = 0.954; p < .0001). On the within-subject
level, participants who reported being outside their home (χ2 = 23.2;
df = 1; OR = 0.846; p < .0001) were more likely to miss the sub-
sequent beep. Being either alone or with others was not associated with
compliance (BS: p = .60; WS: p = .16).

Physical state characteristics. On the between-subject level, partici-
pants who reported being physically tired (χ2 = 14.5; df = 1;
OR = 0.912; p = .0001), physically unwell (χ2 = 11.1; df = 1;
OR = 0.903; p = .0009), or hungry (χ2 = 9.2; df = 1; OR = 0.895;
p = .002) overall across the study had increased chances to be non-
compliant. However, being active was not associated with compliance
(BS: p = .94; WS: p = .80).

Substance use characteristics. On the between-subject level, participants
reporting less alcohol use overall across the study were more compliant
(χ2 = 4.8; df = 1; OR = 0.451; p = .028). On the within-subject level,
the use of tobacco increased the chances to be compliant at the subsequent
beep (χ2 = 4.0; df = 1; OR = 1.160; p = .047). Medication use was not
associated with compliance (BS: p = .17; WS: p = .07).

Time characteristics. Longer IPI increased the chances of non-com-
pliance at the subsequent beep (χ2 = 27.1; df = 1; OR = 0.963; p <
.0001).

3.2. Multivariable model

Based on the covariates in the multivariable model, we found that
clinical status remained a significant predictor of compliance
(χ2 = 20.5; df = 3; p = .0001), with higher compliance among

Table 2
Descriptive information for the lagged predictor variables (n = 1381).

Predictor Number of
observations

Mean (SD, range), unless
otherwise mentioned

Positive affect 36,326 4.71 (1.29, 1 – 7)
Negative affect 36,326 1.53 (0.83, 1 – 7)
Activity stress 36,326 2.67 (1.11, 1 – 7)
Social stress 10,387 1.98 (1.16, 1 – 7)
Event pleasantness 36,326 2.74 (1.63, 1 – 7)
Location
Being at home 20,123 55.4%
Being outside home 16,203 44.6%
Social situation
Being with others 23,438 64.5%
Being alone 12,888 35.5%
Feeling disturbed by ESM

beep
36,326 2.89 (1.88, 1 – 7)

Being active 36,326 3.59 (1.95, 1 – 7)
Being physically tired 36,326 2.72 (1.74, 1 – 7)
Being physically unwell 36,326 1.76 (1.34, 1 – 7)
Being hungry 36,326 2.13 (1.67, 1 – 7)
Tobacco use
No 28,813 79.3%
Yes 7513 20.7%
Alcohol use
No 34,702 95.5%
Yes 1624 4.5%
Medication use
No 34,338 94.5%
Yes 1988 5.5%
Inter-prompt intervala 36,326 88.08 (31.84, 21 – 159)
Compliance ratesb

Healthy participants 85%
At-risk for psychosis 85%
Psychosis 85%
Depression 89%

SD = Standard deviation;.
a In the analyses, the inter-prompt interval (IPI) variable was coded

(IPI – 90) / 15;.
b Compliance rates are higher than the overall compliance rates that have

been reported previously for this pooled dataset (Rintala et al., 2019), because
the present analyses were restricted to beeps where a participant was compliant
at the previous beep.

3 The model investigating social stress differed from the rest of the models in
the number of observations (10,387) and the number of subjects (n = 536).
This difference is due to the fact that responses to the items measuring social
stress were only collected in circumstances when the person was engaged in
social interactions.
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Table 3
Beep-level predictors of compliance.

Predictor Level Individual predictor model† Multivariable model†

b Z p OR (95% CI) b Z p OR (95% CI)
2.333‡ 6.494‡

Emotional characteristics
Positive affect Intercept 1.264 7.049
Between subjects 0.156 4.896 < 0.0001 1.169 (1.098 to 1.244) 0.102 2.373 .018 1.107 (1.018 to 1.204)
Within subjects 0.031 1.963 .049 1.032 (1.000 to 1.064) 0.039 1.916 .06 1.040 (0.999 to 1.082)
Negative affect Intercept 2.290 19.419
Between subjects −0.201 −4.234 < 0.0001 0.818 (0.746 to 0.898) −0.040 −0.611 .54 0.961 (0.846 to 1.091)
Within subjects −0.008 −0.295 .77 0.992 (0.940 to 1.047) 0.027 0.801 .42 1.027 (0.962 to 1.097)
Stress-related characteristics
Activity stress Intercept 2.476 15.394
Between subjects −0.170 −3.688 .0002 0.844 (0.771 to 0.924) −0.081 −1.577 .12 0.922 (0.833 to 1.020)
Within subjects −0.007 −0.443 .66 0.993 (0.962 to 1.024) 0.007 0.414 .68 1.007 (0.974 to 1.042)
Social stress Intercept 1.919 8.661
Between subjects −0.008 −0.131 .90 0.992 (0.880 to 1.118) n.a.†

Within subjects 0.006 0.198 .84 1.006 (0.945 to 1.072) n.a.†

Event pleasantness Intercept 2.341 16.431
Between subjects −0.120 −3.189 .001 0.887 (0.824 to 0.955) −0.035 −0.817 .41 0.966 (0.889 to 1.050)
Within subjects −0.011 −1.126 .26 0.989 (0.969 to 1.009) −0.007 −0.642 .52 0.993 (0.973 to 1.014)
Contextual characteristics
Location Being at home§ 2.093 17.741
Between subjects Being outside home −0.169 −1.402 .16 0.844 (0.666 to 1.070) −0.217 −1.744 .08 0.805 (0.631 to 1.027)
Within subjects Being outside home −0.167 −4.814 < 0.0001 0.846 (0.790 to 0.906) −0.160 −4.358 < 0.0001 0.852 (0.793 to 0.916)
Social situation Being with others§ 1.974 18.508
Between subjects Being alone 0.072 0.526 .60 1.074 (0.823 to 1.403) 0.104 0.743 .46 1.110 (0.843 to 1.461)
Within subjects Being alone 0.049 1.407 .16 1.051 (0.981 to 1.126) 0.001 0.025 .98 1.001 (0.931 to 1.076)
Feeling disturbed by the ESM beep Intercept 2.167 17.960
Between subjects −0.052 −2.252 .024 0.949 (0.907 to 0.993) −0.009 −0.353 .72 0.991 (0.945 to 1.040)
Within subjects −0.047 −4.613 < 0.0001 0.954 (0.935 to 0.973) −0.040 −3.880 .0001 0.960 (0.941 to 0.980)
Physical state characteristics
Being active Intercept 1.996 14.972
Between subjects 0.002 0.080 .94 1.002 (0.950 to 1.057) −0.007 −0.239 .81 0.993 (0.938 to 1.051)
Within subjects −0.002 −0.259 .80 0.998 (0.980 to 1.016) 0.006 0.623 .53 1.006 (0.987 to 1.026)
Being physically tired Intercept 2.228 19.627
Between subjects −0.092 −3.814 .0001 0.912 (0.870 to 0.956) −0.021 −0.690 .49 0.979 (0.922 to 1.040)
Within subjects 0.010 0.830 .41 1.010 (0.987 to 1.033) 0.015 1.205 .23 1.015 (0.991 to 1.040)
Being physically unwell Intercept 2.147 20.301
Between subjects −0.102 −3.326 .001 0.903 (0.851 to 0.959) −0.001 −0.028 .98 0.999 (0.922 to 1.082)
Within subjects 0.000 −0.012 .99 1.000 (0.970 to 1.030) 0.004 0.208 .84 1.004 (0.971 to 1.037)
Being hungry Intercept 2.280 17.177
Between subjects −0.110 −3.036 .002 0.895 (0.834 to 0.962) −0.072 −1.867 .06 0.930 (0.862 to 1.004)
Within subjects −0.003 −0.271 .79 0.997 (0.978 to 1.017) −0.003 −0.261 .79 0.997 (0.978 to 1.018)
Substance use
Tobacco use No§ 2.032 20.824
Between subjects Yes −0.131 −1.667 .10 0.877 (0.752 to 1.023) −0.102 −1.275 .20 0.903 (0.772 to 1.056)
Within subjects Yes 0.149 1.988 .047 1.160 (1.002 to 1.343) 0.137 1.822 .07 1.147 (0.990 to 1.328)
Alcohol use No§ 2.035 20.866
Between subjects Yes −0.795 −2.199 .028 0.451 (0.222 to 0.917) −0.710 −1.936 .053 0.492 (0.240 to 1.009)
Within subjects Yes −0.031 −0.411 .68 0.969 (0.835 to 1.125) −0.044 −0.576 .56 0.957 (0.823 to 1.112)
Medication use No§ 2.021 20.862
Between subjects Yes −0.411 −1.360 .17 0.663 (0.367 to 1.199) −0.281 −0.915 .36 0.755 (0.414 to 1.378)
Within subjects Yes −0.134 −1.820 .07 0.875 (0.758 to 1.010) −0.164 −2.224 .026 0.849 (0.734 to 0.981)
Time characteristics
Inter-prompt interval Intercept 2.002 20.557
Between subjects 0.119 1.428 .15 1.127 (0.957 to 1.327) 0.102 1.227 .22 1.107 (0.941 to 1.304)
Within subjects −0.038 −5.210 < 0.0001 0.963 (0.949 to 0.976) −0.037 −5.045 < 0.0001 0.964 (0.950 to 0.978)
Covariates
Age

Higher age Please see supplementary file 5 0.046 1.550 .12 1.047 (0.998 to 1.110)
Gender

Male§

Female 0.065 0.970 .33 1.067 (0.936 to 1.216)
Clinical population

Healthy participants§

At-risk for psychosis −0.001 −0.017 .99 0.999 (0.855 to 1.167)
Psychosis 0.150 1.571 .12 1.162 (0.964 to 1.401)
Depression 0.465 4.335 < 0.0001 1.592 (1.290 to 1.965)

Chronological study days
1§

2 −0.131 −2.571 .010 0.877 (0.794 to 0.969)
3 −0.302 −5.940 < 0.0001 0.739 (0.669 to 0.817)
4 −0.363 −7.053 < 0.0001 0.696 (0.629 to 0.770)
5 −0.391 −7.480 < 0.0001 0.677 (0.611 to 0.750)
6 −0.402 −6.563 < 0.0001 0.669 (0.594 to 0.755)

(continued on next page)
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participants with depression compared to the healthy participants
(OR = 1.592; p < .0001). However, age was no longer a significant
predictor of compliance compared to the individual predictor models
(p = .12). Other main findings remained significant, namely that the
chances of responding were lower every day when compared to the first
study day (χ2 = 91.2; df = 5; OR = 0.877 to 0.669; p < .0001) and
also when comparing beeps between the 5th (1.30 p.m. to 3p.m.) and
the 10th (9 p.m. to 10.30 p.m.) interval within a day with the second (9
a.m. to 10.30 a.m.) beep of the day (χ2 = 77.2; df = 8; OR = 0.842 to
0.627; p < .0001). When more beeps were missed consecutively, the
chances to miss the subsequent beep also increased (χ2 = 36.0; df = 1;
OR = 0.893; p < .0001). Responding over the weekend remained a
significant predictor of compliance compared to weekdays (χ2 = 4.1;
df = 1; OR = 1.073; p = .043).

On the between-subject level, only higher PA (χ2 = 5.6; df = 1;
OR = 1.107; p = .018) remained a predictor of higher compliance in
the multivariable model (Table 3). On the within-subject level, feeling
more disturbed by the beep (χ2 = 15.1; df = 1; OR = 0.960;
p = .0001), being outside the home (χ2 = 19.0; df = 1; OR = 0.852; p
< .0001), and longer IPI (χ2 = 25.5; df = 1; OR = 0.964; p < .0001)
remained significant predictors of non-compliance at the subsequent
beep. In addition, use of medication was a predictor of non-compliance
at the subsequent beep (χ2 = 4.9; df = 1; OR = 0.849; p = .026),
which was not observed in the individual predictor model.

3.3. Replicate multivariable model

In agreement with Sokolovsky et al. (2014), a longer IPI (χ2 = 14.8;
df = 1; OR = 0.964; p = .0001) and being outside the home
(χ2 = 10.4; df = 1; OR = 0.866; p = .001) both decreased the chances
of compliance at the subsequent beep (Table 4). In our replicate mul-
tivariable model, higher PA increased the chances of compliance on
both the between- and within-subject levels (BS: χ2 = 8.3; df = 1;
OR = 1.162; p = .004; WS: χ2 = 6.1; df = 1; OR = 1.066; p = .013),
whereas Sokolovsky et al. (2014) found a negative association between
PA and compliance at the within-subject level (and no between-subject
association). Compliance decreased over the course of the study days in
our replicate multivariable model (χ2 = 50.2; df = 1; OR = 0.910; p <
.0001), but this was not a significant predictor in the
Sokolovsky et al. (2014) model.

4. Discussion

The objective of this study was to investigate beep-level predictors
of compliance when using a high-frequency ESM protocol (with 10
beeps per day) in a large sample of participants with different mental
health conditions. Our results suggest that most momentary char-
acteristics measured at a particular beep, such as negative mood, stress,
and contextual, physical state, or substance use characteristics, are not
associated with compliance at the subsequent beep, which provides
some support for the assumption that missing data could be considered
missing at random. However, we cannot rule out systematic missing-
ness based on our findings, as some momentary experiences were as-
sociated with compliance.

On the between-subject level, persons with higher PA overall tended
to be more compliant in all of our models. Higher PA was also a pre-
dictor of compliance at the within-subject level in our individual model
and in our replicate model of the one presented by
Sokolovsky et al. (2014). However, Sokolovsky et al. (2014) found the
opposite, namely that higher PA (at the within-subject level) increased
the chances of non-compliance. Sokolovsky et al. (2014) noted that
adolescents with a highly positive emotional state might be less able to
recognize the beep in their natural environment (Sokolovsky et al.,
2014). Another study by Silvia et al. (2013) observed an association
between “I feel enthusiastic right now” and non-compliance, but found no
association between compliance and single items related to PA, such as
“I feel happy right now” and “I feel relaxed right now”. Silvia et al. (2013)
noted that persons feeling enthusiasm were perhaps engaged in activ-
ities that interfered with responding to the beep. Contradictory findings
between our and previous studies might be explained by differences in
the PA items used, but also in the study sample and age.
Sokolovsky et al. (2014) and Silvia et al. (2013) included healthy
adolescents (n = 461) and young adults between 14 and 19 years
(n = 450) while our study included participants with different mental
health conditions that were between 16 and 65 years (n = 1318).

Our findings indicate that a higher degree of disturbance by the
beep increased the chances of non-compliance at the subsequent beep.
To our knowledge, this is the first study to investigate and demonstrate
that the degree of disturbance by the beep is a predictor of compliance
at the within-subject level. Researchers are encouraged to discuss with
their participants how to deal with possible disturbance by the beeps

Table 3 (continued)

Predictor Level Individual predictor model† Multivariable model†

b Z p OR (95% CI) b Z p OR (95% CI)
2.333‡ 6.494‡

Time of the day
9 a.m. – 10.30 a.m.§

10.30 a.m. – 12 p.m. 0.022 0.285 .78 1.022 (0.880 to 1.187)
12 p.m. – 1.30 p.m. 0.003 0.041 .97 1.003 (0.865 to 1.163)
1.30 p.m. – 3 p.m. −0.173 −2.349 .019 0.842 (0.729 to 0.972)
3 p.m. – 4.30 p.m. −0.151 −2.021 .043 0.859 (0.742 to 0.995)
4.30 p.m. – 6 p.m. −0.151 −2.015 .044 0.859 (0.742 to 0.996)
6 p.m. – 7.30 p.m. −0.154 −2.055 .040 0.857 (0.740 to 0.993)
7.30 p.m. – 9 p.m. −0.229 −3.083 .002 0.796 (0.688 to 0.920)
9 p.m. – 10.30 p.m. −0.467 −6.351 < 0.0001 0.627 (0.542 to 0.724)

Day of the week
Weekdays§

Weekend 0.070 2.021 .043 1.073 (1.002 to 1.148)
Number of prior missed beeps¶

−0.113 −6.003 < 0.0001 0.893 (0.861 to 0.927)

Significant results are displayed in bold;.
† = Total number of observations across all models was 36,326 with n = 1318 (except for social stress; number of observations was 10,387 with n = 536);

b = estimated value of coefficient; Z = Z-value; p = p-value; OR = Odds ratio; 95% CI = 95% confidence interval;.
‡ = Intercept coefficient and Z-value for the multivariable model; n.a. = not applicable; Between subjects = Subjects’ average value for variable across the study;

Within subjects = Subjects’ momentary fluctuations in variable;.
§ = Reference category;.
¶ = Number of missed beeps prior to the beep from which the lagged predictor values were obtained.
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during the study briefing session to minimize negativity towards the
method.

For location, our findings confirmed the hypothesis that being
outside the home at a beep may increase the risk of not responding to
the subsequent beep, similarly to what was observed by
Sokolovsky et al. (2014). Presumably, when a subject is outside the
home, chances are increased that the participant is still outside the
home at the following beep, which in turn tends to coincide with cir-
cumstances during which the participant might not hear the beep or the
participant is engaged in an activity where the beep cannot be re-
sponded to (e.g., during sport activities or while driving a car). As a
recommendation, researchers are encouraged to discuss with their
participants the importance of keeping the device within reach at all
times and to think of safe strategies that would allow them to respond
during particular moments if possible (e.g., by safely pulling over while
driving a car).

Medication use was a predictor of non-compliance at the subsequent
beep. Although ESM has been shown to be suitable for studying med-
ication use and its associations with pain, fatigue, or mood (Smyth and
Smyth, 2003; Stone et al., 1997; Wichers et al., 2009), its association
with compliance has not yet been investigated. Our findings may sug-
gest that adherence to fill in the beeps may diminish if participants are
temporarily ill or medicated for a certain time of the day. However, this
finding needs to be interpreted with caution as the dataset does not
contain information on the level or the type of reported medication
(hence, participants might have taken an antidepressant medication or
just a painkiller). More methodological studies are warrented to con-
firm this association.

Our findings also suggest that a longer IPI between beeps might
increase the risk of non-compliance, which is in agreement with the
study by Sokolovsky et al. (2014). Although a high-frequency protocol
may increase burden, both studies suggests that higher sampling fre-
quencies may not alter compliance. Sokolovsky et al. (2014) noted that
too infrequent beeps may lead to disengaging from the device and
forgetting to follow the study protocol. As a further explanation for this
finding, we hypothesize that when a participant has responded to a
beep and the IPI is short for the subsequent beep, chances are higher
that the context remains unchanged. Therefore, the probability to re-
spond to the subsequent beep may also be higher. On the other hand, if
the IPI is longer for the following beep, chances that the context has
changed increase, and hence, the probability to respond to the sub-
sequent beep decreases.

We found that participants with depression tended to be more
compliant compared to the healthy participants in circumstances where
the prior beep was responded to (with an overall compliance of 89%
versus 85%, respectively; see Table 2) and this difference was also
found to be significant in our individual and multivariable models. Our
previous study of the same dataset indicated no differences in overall
compliance rates between depressed (80%) and healthy (83%) parti-
cipants (Rintala et al., 2019). This discrepancy can be explained by the
fact that our current study only included observations that were pre-
ceded by a beep that was responded to, instead of investigating the full
dataset as in our previous study. Moreover, although statistically sig-
nificant, the difference in compliance rates in our current dataset was
only 4 percentage points in favor of participants with depression, which
one may argue is too small to base further conclusions on. More studies
are therefore recommended to investigate momentary predictors of
compliance in different clinical populations.

Other covariate findings were in line with previous studies (e.g.,
Ono et al., 2019; Rintala et al., 2019), namely that the chances to be
compliant decreased in the evenings and over the course of the study
days. For example, the odds to be compliant were the lowest for beeps
between 7.30 p.m. and 9 p.m. and for beeps between 9 p.m. and 10.30
p.m.. Similarly, the odds to be compliant were the lowest on the fifth
day and on the sixth day. Finally, our ‘pseudo autocorrelation’ variable
indicated that the odds of compliance decreased for each additionalTa
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beep missed prior to the lagged (i.e., responded to) beep. This con-
firmed our hypothesis that if a participant is not responding to the first
beeps of the day, he or she also has an increased risk of missing the
beeps that will follow later during the day. This may be difficult to
prevent, but we can imagine future studies giving additional reminders
as needed to participants based on the response pattern to the first
beeps of the day, which might be able to increase the chances of being
engaged in the study later on that same day.

To our knowledge, this is the first methodological study to examine
beep-level predictors of compliance when using a high-frequency ESM
protocol in individuals with different mental health conditions. At the
same time, we need to consider some limitations. Our study focused
only on data collected using a paper-and-pencil approach, a method
that is nowadays often replaced by a dedicated device or a smartphone
application. Using a similar ESM protocol with an electronic data col-
lection method is recommended to replicate and verify our findings.
Finally, our analyses can only provide indirect evidence about the as-
sociation between momentary states and compliance, because we could
only examine associations between predictors observed at beeps where
participants responded and the subsequent beep. Regardless of these
limitations, this study provides unique information on beep-level pre-
dictors of compliance using a high-frequency ESM protocol.

Our findings suggest that disturbance by the beep, location, medi-
cation use, and longer inter-prompt intervals might increase the
chances of non-compliance at the subsequent beep on the within sub-
ject-level, but most momentary characteristics measured at a particular
beep are not associated with compliance. A high frequency ESM pro-
tocol can therefore be considered a viable option for capturing mo-
mentary daily life experiences and contexts.
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