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Abstract
Experience sampling methods are widely used in clinical psychology to study affective dynamics in psychopathology. The
present study examined whether affect ratings (valence and arousal) differed as a function of assessment schedule (signal- versus
event-contingent) in a clinical sample and considered various approaches to modeling these ratings. A total of 40 community
mental health center outpatients completed ratings of their affective experiences over a 21-day period using both signal-
contingent schedules (random prompts) and event-contingent schedules (ratings following social interactions).We testedwhether
assessment schedules impacted 1) the central tendency (mean) and variability (standard deviation) of valence or arousal consid-
ered individually, 2) the joint variability in valence and arousal via the entropy metric, and 3) the between-person differences in
configuration of valence-arousal landscapes via the Earth Mover’s Distance (EMD) metric. We found that event-contingent
schedules, relative to signal-contingent schedules, captured higher average levels of pleasant valence and emotional arousal
ratings. Moreover, signal-contingent schedules captured greater variability within and between individuals on arousal-valence
landscapes compared to event-contingent schedules. Altogether, findings suggest that the two assessment schedules should not
be treated interchangeably in the assessment of affect over time. Researchers must be cautious in generalizing results across
studies utilizing different experience sampling assessment schedules.
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This study examined the effects of time- and event-based
assessment schedules on ratings of affect in a sample of
psychotherapy outpatients. Over the last three decades, in-
vestigators have increasingly used experience sampling
methodology (ESM; Csikszentmihalyi and Larson 1987;
Mehl and Conner 2012) to investigate the momentary feel-
ings, thoughts, and behaviors of people in their natural en-
vironments (Stone and Shiffman 1994; Shiffman et al.
2008). ESM is an umbrella term that encompasses a range
of procedures that intensively and repeatedly assess indi-
viduals’ experiences over specific periods of time (see
Conner and Bliss-Moreau 2006; Mohr et al. 2017;
Moskowitz et al. 2009; Shiffman et al. 2008; Trull and
Ebner-Priemer 2013 for reviews). This includes, but is not

limited to, paper diaries, repeated telephone interviews,
electronic recording technologies (e.g., smartphones, inter-
net), and wearable sensors (e.g., to measure peripheral
physiology). Relative to retrospective self-report measures,
ESM minimizes recall bias, improves ecological validity,
and allows for the study of temporal processes over hours
or days (Moskowitz et al. 2009; Shiffman et al. 2008).

ESM studies typically yield intensive repeated measures
data (i.e., many observations per person over hours, days, or
weeks), but often differ in the protocol for sampling partici-
pants’ experiences. Self-report ESM data are commonly col-
lected using one of three assessment schedules: interval-con-
tingent, signal-contingent, or event-contingent (Reis and
Gable 2000). In interval-contingent schedules, participants re-
port on experiences or events at specific intervals (e.g., every
20 min over 24 h, at the end of each day for two weeks). In
signal-contingent schedules, participants respond to several
randomly scheduled prompts each day over a period of obser-
vation (e.g., one week, one month). Finally, in event-
contingent schedules, participants report on their experiences
following a predetermined type of event (e.g., a social inter-
action, a binge eating episode).
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ESM Studies of Affective Dynamics

A growing body of research in clinical psychology uses
ESM to study the relationship between affective dynamics
(e.g., extent of moment-to-moment variability) and psycho-
pathology (Myin-Germeys et al. 2009; Trull et al. 2012).
Although there are numerous models of core affect, we
focus on the two-dimensional representations reflecting ei-
ther valence (unpleasant/pleasant) and arousal (inactive/ac-
tive) (Posner et al. 2005) or negative affect (NA) and pos-
itive affect (PA) (Watson and Tellegen 1985), which are
both commonly employed in ESM studies. We briefly re-
view several studies to demonstrate the substantial varia-
tion in assessment schedules used in studies of affective
dynamics in clinical populations.

Interval-contingent schedules have been especially pop-
ular in studies of affective dynamics within varying forms
of psychopathology. For instance, Ebner-Priemer and col-
leagues (Ebner-Priemer et al. 2006, 2007, 2008; Reisch
et al. 2008) prompted patients with borderline personality
disorder (BPD) (N = 50) and healthy controls (N = 50) four
times per hour over a 24-h period to assess NA and PA. To
assess affective valence, other studies have prompted par-
ticipants with BPD or with other clinical diagnoses (post-
traumatic stress disorder, bulimia nervosa, panic disorder,
or major depression) every 15 min over 24 h, or every hour
over a 48-h period (Santangelo et al. 2014, 2016). Means
and variability of affect have been examined in patients
with remitted bipolar disorder or remitted unipolar depres-
sive disorder by way of asking participants to complete a
diary measure of NA and PA twice a day, at a designated
time each morning and evening, for one week (Knowles
et al. 2007). Lastly, Farmer and Kashdan (2014) studied
affective dynamics of social anxiety disorder (SAD) by
having adults with SAD (N = 40) and matched healthy con-
trols (N = 39) complete end-of-day reports on their NA and
PA for 14 days.

Signal-contingent (e.g. randomly timed prompts) as-
sessment schedules have also been used to study affective
dynamics in psychopathology, especially BPD and mood
disorders. For example, Stein (1996) randomly prompted
participants with and without BPD five times per day
within approximately three-hour intervals over 10 days
to assess affective states of hedonic valence and
activation. In contrast, Trull et al. (2008) scheduled ran-
dom prompts six times per day over a 28-day period to
assess PA and NA in BPD patients and clinically
depressed patients. Most recently, Crowe et al. (2018)
used signal-contingent schedules in which 31 patients
with clinical major depressive disorder (MDD) and 33
healthy controls were randomly prompted 10 times a day
within 90-min intervals over six days to complete items
measuring (amongst others) PA/NA.

Finally, studies have used event-contingent assessment
schedules to study affective dynamics in psychopathology,
most notably in the examination of daily social interactions
in BPD (e.g., Kopala-Sibley et al. 2012; Russell et al. 2007;
Sadikaj et al. 2010, 2013). Moreover, event-contingent sched-
ules have often been used with eating disordered patients
(with or without BPD) to record their reported affective expe-
riences surrounding a pre-determined event such as (but not
limited to) engaging in dysregulated eating behaviors (e.g.,
binge eating/purging, bulimic behaviors) and/or self-
destructive behaviors (e.g., alcohol intoxication, self-injury,
drug abuse) over the course of two weeks (e.g., Berner et al.
2017; Mason et al. 2017; Pisetsky et al. 2016; Selby et al.
2012). ESM studies with eating-disordered individuals can
also employ signal-contingent and/or interval-contingent
schedules into their investigations.

Taken together, this research demonstrates that ESM de-
signs often employ different assessment schedules at vary-
ing time scales to study affective dynamics in daily life.
However, making sense of findings across ESM studies of
affect is difficult because of potential confounding with the
assessment schedule employed. To be more confident that
results reflect substantive effects that are robust to assess-
ment schedule, it is important to empirically compare ESM
methods within the same study sample rather than descrip-
tively comparing across different samples and ESM
methods. Consequently, given that prior studies examining
affective dynamics in psychopathology typically employed
only one type of assessment schedule, little is known about
whether and how the assessment schedule itself influences
substantive conclusions. For instance, a clinical participant
(e.g., BPD, an anxiety disorder) who tends to interpret pos-
itive social interactions negatively may experience more
unpleasant affect and arousal in response to social interac-
tions than a healthy participant (Clifton et al. 2007). Thus,
when a study assesses patients’ affect in response to a social
interaction (i.e., an event-contingent schedule), investiga-
tors may capture higher average levels of unpleasant affect
and arousal than when using signal-contingent schedules.

When the stimuli that precede assessments of affect are un-
known (e.g., a person may or may not have engaged in a social
interaction or encountered a stressor proximate to a random
prompt), signal-contingent schedules may capture greater vari-
ability in valence and arousal than event-contingent schedules.
This could reflect the heterogeneity of contexts, experiences, and
events that modulate affect in randomly timed assessments in
daily life. Alternatively, event-contingent schedules involving
social interactions (as the event) may capture greater variability
in valence and arousal than signal-contingent schedules because
these interactions are among the strongest situations encountered
in daily life (Pincus et al. in press).

Recently, Himmelstein et al. (2019) tested whether signal-
contingent and event-contingent schedules of interpersonal
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behavior and affect in social situations produce the same quality
and quantity of data using a between-person design. Unselected
undergraduate students were randomized into either a signal-
contingent or event-contingent group. Participants in both condi-
tions were instructed to report on any social interaction lasting at
least five minutes between themselves and at least one other
person throughout the one-week study period. In the signal-
contingent condition, participants were prompted six times per
day within at least 90-min intervals to complete momentary in-
terpersonal items and items on PA and NA. In the event-
contingent group, participants were instructed to report on their
interpersonal behavior and PA/NA immediately following any
social interaction lasting at least five minutes and were asked to
initiate at least four prompts per day.

These authors found no significant differences in means or
variances in momentary interpersonal behaviors or PA/NA by
ESM schedule. Moreover, ESM schedules did not impact
within-person associations between momentary interpersonal
behavior and affect variables. They did find, however, that
participants reported, on average, a greater frequency of social
interactions when using event-contingent schedules than
signal-contingent schedules. Overall, these researchers
interpreted their results to suggest signal-contingent and
event-contingent schedules can be used interchangeably to
make inferences about means, variances, and correlations be-
tween momentary constructs when studying social situations.
However, more stringent comparisons of signal-contingent
and event-contingent schedules of affect require participants
to complete assessments using both formats concurrently dur-
ing the same assessment period. It is also unclear whether
findings from an unselected undergraduate sample would gen-
eralize to a community clinical sample.

The Current Study

The present study is the first to directly test whether affective
ratings in ESM differed as a function of assessment schedule
(i.e., signal- versus event-contingent) in a clinical outpatient
sample. We also used three different but complementary ana-
lytic methods to evaluate our research question. More specif-
ically, we first examined whether the assessment schedule
impacted mean levels or variability in each dimension of the
affective circumplex (valence and arousal) over the ESM
study interval. Given our clinical sample, we hypothesized
that there would be higher mean levels of unpleasant affect
and arousal in event-contingent ratings following social inter-
actions compared to random signal-contingent ratings (H1).
We also hypothesized that there would be greater variability in
valence and arousal in random signal-contingent ratings rela-
tive to event-contingent ratings (H2).

The ESM studies reviewed above have typically relied on
unidimensional analyses of affect, examining within-person
means for valence and arousal independently. Given that the
affective dimensions of valence and arousal may be related
within a person (e.g., a tendency to experience highly arousing
negative emotions), it is essential to extend analyses of affec-
tive dynamics in psychopathology usingmodeling approaches
that better capture the full valence-arousal affective space.
Here, we examined whether the within-person joint variability
in valence and arousal, which describes individual differences
in blends of valence and arousal over time (e.g., a tendency to
concurrently report low valence and high arousal; see Fig. 1),
differs across assessment schedules. We summarized each in-
dividual’s report of affect over time as a two-dimensional va-
lence-arousal landscape (Ram et al. 2013) using entropy, a
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Fig. 1 Example of kernel density plots of entropy of signal-contingent
(SC) affective valence-arousal ratings of two patients with borderline
personality disorder. Entropy reflects how diffuse or narrow the “island”
of a two-dimensional space (here, the affect of valence and arousal) indi-
viduals’ tend to live in over a chosen assessment period (here, 21-days).

Higher entropy values indicate greater spread across the two-dimensional
space, as shown in the left panel where, over time, Person A describes
their affects using more of the valence-arousal space relative to Person B
in the right panel
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complexitymetric from information theory (Hollenstein 2007;
Ram et al. 2012). The entropy metric reflects the total vari-
ability in the affective circumplex space without characteriza-
tion of a particular affective style. Conceptually, entropy de-
scribes how compact or diffuse is the area of a two-
dimensional valence-arousal space, or the “island” that indi-
viduals’ tend to endorse over the assessment period (Ram
et al. 2017). We hypothesized that the average level of entropy
would be higher for randomly prompted signal-contingent
affect ratings than event-contingent affect ratings (H3).

Lastly, we used Earth Mover’s Distance (EMD; Rubner
et al. 2000) as metric to quantify the omnibus similarity of
two affective landscapes (Ram et al. 2013, 2017).

That is, EMD allowed for comparisons of the similarity
of valence-arousal landscapes between and within assess-
ment schedules. EMD provides a measure of the work
needed to equate two landscapes numerically; thus, EMD
is zero if two landscapes are identical, but increases in pro-
portion to dissimilarities in two bivariate (here, valence-
arousal) landscapes (see Fig. 2). More specifically, we ex-
amined the effect of assessment schedule on between-
person differences in EMD. We expected between-person
differences in affective landscapes would be greater for
signal-contingent than event-contingent schedules (H4),
thereby extending H3.

Method

Participants

Participants were recruited from a large University-affiliated
community mental health center. All participants completed a
standard intake evaluation, including two semi-structured
clinical interviews, namely the Anxiety Disorders Interview
Schedule-IV (ADIS-IV; Brown et al. 1994) to assess for DSM-
IVAxis I disorders and the International Personality Disorders
Examination for DSM-IV (IPDE; Loranger 1999) to assess for
personality disorders (Axis II disorders). As part of a study de-
signed to address questions outside the scope of the current paper,
participants who completed the intake assessment were screened
to meet diagnostic criteria for either BPD or any anxiety disorder
without a diagnosis of BPD (and did not have a cognitive disor-
der). After being screened for eligibility, 54 of 173 participants
(90% female) met study criteria and were recruited into a 21-day
signal-contingent + event-contingent ESM study.

Doctoral graduate students in clinical psychology were
trained to reliability in the use of both the ADIS-IV and
IPDE, with the supervision of a licensed clinical psychologist.
Diagnostic interviews were videotaped and interviews of a
subsample of 32 participants were coded by a second rater
(see Ellison et al. 2019, for demographic and diagnostic

Fig. 2 Earth Mover’s Distance (EMD) is the amount of work needed to
equate two landscapes numerically. Two affective landscapes for an indi-
vidual with borderline personality disorder (Person A) are displayed on
the diagonal. The upper left landscape depicts the joint occurrence of
event-contingent (EC) valence and arousal ratings over the study, whereas
the lower right landscape depicts signal-contingent (SC) ratings. The
difference between EC and SC landscapes is depicted in the lower left.

The overall difference is quantified by EMD, the minimum work needed
to make the ground flat. Graphically, this would involve bulldozing the
peaks of the landscape into the depressions, thereby flattening the land-
scape. Thus, EMD is higher when the differences between SC and EC
landscapes are greater. The EMD between signal-contingent and event-
contingent affect ratings for Person A is 2.60
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characteristics for the sample). Overall interrater reliability
was substantial (on average κ = 0.62, with, κ = 0.66 for anxi-
ety disorders and κ = 0.68 for BPD).

The present analyses made use of data from participants
who completed at least 40 total observations for both signal-
contingent and event-contingent ratings. We chose the cut
point of 40 observations (i.e., the number of surveys complet-
ed) based on visual inspection of the lower tail end of the
distribution of two histograms, one for event-contingent sur-
veys and one for signal-contingent surveys.1 Of the 54 pa-
tients, 14 had less than 40 total observations on either one or
both assessment schedules and were therefore excluded from
the analyses. The final sample consisted of 40 outpatients (36
women and 4 men), with diagnoses of anxiety disorders
(75%), borderline personality disorder (60%), and major de-
pressive disorder (40%) occurring most frequently (see
Table 1 for diagnostic characteristics).These participants were,
on average, 32.70 years of age (SD = 11.53), with 90% iden-
tifying themselves as Caucasian, 2.5% as African American,
2.5% as Asian, and 5% as “Other.” Participants identified
themselves as heterosexual (67.5%), bisexual (17.5%), or ho-
mosexual (15%); and as single (55%), dating (22.5%), mar-
ried (17.5%), divorced (2.5%), or separated (2.5%).

Procedure

At the start of the study, participants visited the laboratory
where they provided informed consent, completed a number
of self-report questionnaires, and were trained by research
assistants to complete surveys on a study-provided
smartphone (Motorola Razr) that they would carry with them
for about 21-days. During the next three weeks, participants
were prompted, via an audible signal, to complete signal-
contingent surveys at six random times during their waking
hours. Specifically, a participant-defined 12-h “waking time”
period was stratified into six equal intervals and prompts were
delivered at a random time within each interval. In parallel,
participants also completed event-contingent surveys about
their affective experience following face-to-face social inter-
actions of more than three minutes. They were required to log,
on average, an entry for six interactions per day to achieve an
“active participant status”. Participants were compensated up-
on completion of the study. Missing data for the event-
contingent reports were generated by coding missing values
for the number of interactions patients reported per day in the

study with the value NA in R. Missing data for signal-
contingent reports were generated the same way, except now
for the number of random prompts patients reported per day in
the study. The final sample of 40 patients did not complete
27.68% of the signal-contingent reports and 29.85% of possi-
ble event-contingent reports, but overall, participants provided
ratings for, on average, 5.18 social interactions per day. In
total, participants included in this analysis provided 8877 re-
ports (4251 signal-contingent; 4626 event-contingent) over 17
to 25 days (median = 21 days). Further details on study pro-
cedure have been described previously (see Scala et al. 2018).

1 We used this approach, rather than Bolger et al. (2003) approach of dropping
individuals with entries that are more than two standard deviations below the
mean for the sample, because our specific analyses depend on a kernel density
estimate of the two-dimensional space (e.g., valence and arousal). That is, a
low number of completed surveys does not provide enough data to accurately
estimate the person’s surface. Thus, we do not think the conventional wisdom
applies here.

Table 1 Diagnostic profile of sample

Total (N = 40)

n %

Current Axis I Diagnoses

Mood Disorders 21 53

MDD 16 40

Other Mood Disorders 5 13

Anxiety Disorder 30 75

GAD 8 20

PTSD 7 18

Social Phobia 6 15

Other Anxiety Disorders 9 25

Alcohol & Substance Use 4 10

Eating Disorders 4 10

Somatoform Disorders 5 13

Current Axis II Diagnoses

Any PD 38 96

Paranoid 0 0

Schizoid 0 0

Schizotypal 0 0

Antisocial 2 5

Borderline 24 60

Histrionic 2 5

Narcissistic 0 0

Avoidant 4 10

Obsessive-Compulsive 1 3

Dependent 0 0

PD NOS 5 13

M SD

No. of Axis I diagnoses 1.60 1.01

No. of Axis II diagnoses 0.95 0.75

No. of IPDE Criteria Met (n = 39) 10.95 7.21

IPDE Dimensional Score (n = 39) 33.69 18.60

GAF (n = 37) 55.59 10.06

MDD=major depressive disorder; GAD= generalized anxiety disorder;
PTSD = post-traumatic stress disorder; PD NOS = personality disorder
not otherwise specified; IPDE = International Personality Disorder
Examination; GAF =Global Assessment of Functioning
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Affect Measure

Participants’ momentary affect experience, operationalized as
valence and arousal (the two core dimensions of the affective
circumplex; Russell 2003), was assessed in each randomly
timed signal-contingent survey and in each event-contingent
(i.e., after relevant social interactions) survey. For the
prompted surveys, participants responded to the item,
“Which of these best describes how you feel right now?”
using two visual analog scales (0–100) rating valence
(“Unpleasant” to “Pleasant”) and arousal (“Sleepy” to
“Activated/Aroused”). In the event-contingent surveys, partic-
ipants responded to the item, “After this interaction my mood
is:” using the same visual analog scales. Participants only saw
an anchored slider for each item, not the underlying numeric
scale.

Data Analysis

Individuals’ repeated ratings of valence and arousal were sum-
marized in a variety of ways: independently (mean or standard
deviation of affect), together (entropy), and as two-
dimensional affective landscapes (Earth Mover’s Distance).
Differences across assessment schedule (signal-contingent
versus event-contingent) were then examined for each metric
and measure.

Average Affect and Variability in Affect For each participant,
we quantified their average level of valence and arousal over
the 21-day study as two ‘iMean’ scores that indicated their
emotional tendencies for valence and arousal. As well, we
quantified the extent of each individuals’ variability in valence
and arousal ratings over time using the within-person standard
deviation, ‘iSD’. iMean and iSD measures were computed
separately for signal-contingent and event-contingent ratings.
Differences in emotional valence and arousal across assess-
ment schedule (signal-contingent versus event-contingent)
were examined using within-subjects (repeated measures)
ANOVAs. To separate the emotional tendencies from variabil-
ity over time, we conducted separate ANOVAs for iMeans and
iSDs, respectively. The ez (Lawrence 2016) package in R was
used to perform the ANOVA and compute effect size
measures.

Entropy Although our mean and standard deviation analyses
provide information about individual tendency (i.e., iMean)
and variability (i.e., iSD) in valence and arousal, they do not
explicitly accommodate the two-dimensional nature of core
affect. Variability in the explicitly two-dimensional space
was thus measured using Shannon’s entropy metric.
Essentially, entropy describes the total variability in the bivar-
iate space spanning valence and arousal (see Fig. 1) such that

individuals who experience a broader range of emotional ex-
periences over the study would have higher entropy.

To calculate the entropy of each individual’s repeated re-
ports of valence and arousal, we first computed the density
(relative frequency) of observations at each location in the
two-dimensional space over the 21-day study using a nonpara-
metric kernel density estimator (see Fig. 1 for an example).
Following Ram et al. (2017), we divided the 0–100 range of
valence and arousal into a 30 × 30 grid (i.e., covering approx-
imately 3 valence and arousal points per cell) and used a
Gaussian kernel with bandwidth of h = 5 to produce a
smoothed, weighted estimate of the number of observations
in each cell. We applied this procedure to each participant’s
ESM data to obtain an individual two-dimensional matrix (va-
lence x arousal). Nonparametric density estimation was com-
pleted using the bkde2function in the KernSmooth package in
R (Wand 2015). We then conducted a within-subjects
ANOVA, where the dependent measure was the entropy
values of affect ratings and the within-subject variable was
type of assessment schedule.

Earth Mover’s Distance As articulated above (and see Fig. 2),
one can calculate the dissimilarity of two landscapes (i.e., two-
dimensional density distributions) by estimating the work
needed to equate them using EMD (see Ram et al. 2017 for
computational details). To test for within-subject differences
in the configuration of the affective (valence-arousal) land-
scape as a function of the type of assessment schedule, we
computed the Earth Mover’s Distance (EMD) between an
individual’s signal-contingent and event-contingent land-
scapes using the emdist package in R (Urbanek and Rubner
2012). For example, if Person A had largely identical land-
scapes for signal-contingent and event-contingent ratings of
arousal and valence, the EMD would approach zero, indicat-
ing that the ratings were not sensitive to the assessment
schedule.

To test whether there is a non-negligible effect of assess-
ment schedule on affective landscapes, we used a one-sample
t-test on within-person EMD values. Although the one-sample
t-test provides information about whether the average EMD is
larger than zero between signal- and event-contingent sched-
ules, it does not facilitate an interpretation of the magnitude of
such differences (e.g., effect size). To inform an understanding
of variability of the EMD between signal- and event-
contingent schedules, we conducted a landscape permutation
procedure where a person’s landscape was compared against a
permuted copy of itself, varying the proportion of cells shuf-
fled between 10% and 50% in 5% increments. This provides a
useful benchmark for the EMD between schedules that quan-
tifies how much the EMD differs as the level of similarity is
parametrically decreased by permutation. Of note, the permu-
tation procedure was designed to isolate differences in EMD,
and thus did not change the summary statistics of the
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landscape, including entropy, because the permutation was
performed by exchanging density estimates on the two-
dimensional grid without altering their numerical values. For
each level of shuffling (10–50%), we repeated the procedure
100 times, generating an empirical cumulative density func-
tion at each level. To interpret the observed difference in
event- versus signal-contingent EMD, we computed the per-
centile of the observed mean against the EMD mean statistics
from the permuted data.

Results

Average Affect We found that the iMeans for pleasantly
valenced affect were significantly higher in event-contingent
ratings relative to signal-contingent ratings, F(1,39) = 37.12,
p < 0.001, generalized η2 = 0.09, which contradicts our hy-
pothesis. However, consistent with H1, the iMeans for arousal
were significantly higher in event-contingent relative to
signal-contingent ratings, F(1,39) = 59.76, p < 0.001, general-
ized η2 = 0.09 (see Table 2).

Variability in Affect Inconsistent with H2, there were no sig-
nificant effects of schedule on variability in valence, ps > 0.10.
In contrast, and consistent with our hypothesis, we found that
variability in arousal was significantly higher in signal-
contingent ratings of arousal relative to event-contingent rat-
ings, F(1, 39) = 15.79, p < 0.001, generalized η2 = 0.06 (see
Table 3).

Entropy Consistent with H3, we found that the average level
of entropy was significantly higher for signal-contingent rela-
tive to event-contingent affect ratings, F(1,38) = 8.88, p =
0.005, generalized η2 = 0.04 (see Table 4).

Earth Mover’s Distance We found that the average EMD be-
tween signal-contingent and event-contingent affect ratings
was 3.65 and was non-negligible (95% CI = 2.87, 4.42;

t(39) = 9.51, p < 0.0001). To interpret the magnitude of this
dissimilarity, we compared the mean EMD statistic against
distributions of within-schedule permutations of landscapes
in which 10% to 50% of cells were randomly shuffled. This
analysis indicated that the level of dissimilarity between
schedules was comparable to 45% of the cells in the landscape
having been randomly shuffled (50th percentile of observed
EMD mean versus the 45% shuffled distribution). Extending
H3 and consistent with H4, we found a significant main effect
of assessment schedule on between-person EMD, Χ2(1) =
20.27, p < 0.0001, such that event-contingent landscapes (es-
timated marginal M = 5.27, SE = 0.35) were more similar be-
tween subjects than signal-contingent landscapes (estimated
marginal M = 5.91, SE = 0.35).

Discussion

Experience sampling with signal- and event-based assessment
schedules is frequently used to study affective dynamics in
psychopathology. To our knowledge, this is the first study to
directly test whether affective ratings differ as a function of
assessment schedule (signal- versus event-contingent) when
concurrently assessed in the same sample. Briefly, signal-
contingent schedules refer to ratings in response to randomly

Table 3 Within-person
standard deviation (iSD)
ratings for valence and
arousal as a function of
type of assessment
schedule

iSD

Variable M SD

Valence

Event-Contingent 19.91 7.22

Signal-Contingent 20.26 2.11

Arousal

Event-Contingent 20.95a 8.08

Signal-Contingent 25.09b 7.82

iSD represents the standard deviation of
assessment schedule ratings over the 21-
day interval. M iSD is the average within-
person variability in the sample, whereas
SD iSD reflects the between-person vari-
ability in iSD. Different superscripts indi-
cate significant differences at p ≤ 0.05

Table 2 Within-person
mean (iMean) ratings for
valence and arousal as a
function of type of as-
sessment schedule

iMean

Variable M SD

Valence

Event-Contingent 72.73a 12.40

Signal-Contingent 64.04b 16.06

Arousal

Event-Contingent 63.98a 16.55

Signal-Contingent 54.01b 15.95

The iMean represents the average of as-
sessment schedule ratings over the 21-day
interval. Different superscripts indicate
significant differences at p ≤ 0.05

Table 4 Entropy ratings
for valence-arousal as a
function of the type as-
sessment schedule

Entropy

Variable M SD

Valence-Arousal Affect

Event-Contingent 5.53a 0.60

Signal-Contingent 5.73b 0.39

Different superscripts indicate significant
differences at p ≤ 0.05
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scheduled prompts, whereas event-contingent schedules refer
to ratings following a predetermined event (here, a social in-
teraction). In a general sample of psychotherapy outpatients,
we examined the effects of assessment schedule using three
complementary approaches to modeling affect ratings. First,
we tested whether assessment schedule influence the central
tendency (int ra individual mean) and var iabi l i ty
(intraindividual standard deviation) of patients’ repeated re-
ports of their momentary valence and arousal. Second, we
explored whether assessment schedule impacts the joint vari-
ability in arousal and valence, as measured by entropy. Lastly,
we examined the effect of assessment schedule on between-
person differences in the configuration of valence-arousal
landscapes, as measured by Earth Mover’s Distance (EMD).

As anticipated, we found that mean levels of arousal were
higher for event-contingent ratings relative to signal-
contingent ratings. However, contrary to expectations, we
found mean levels of valence were higher for event-
contingent ratings relative to signal-contingent ratings. Prior
studies have found that individuals tend to report more friend-
ly social interactions than unfriendly ones (Wang et al. 2014),
and more hostile interactions may be briefer than 3 min. This
may in part help us to understand why our data indicates
individuals report on average more positive emotional valence
and greater emotional activation following social interactions
over time. Moreover, one possibility is that context (here,
social interaction) moderates affective ratings. Hence, devia-
tions from mean pleasantness may be of particular interest to
take note of as they are uncommon, even within-person (see
Liu et al. 2019 for review and meta-analysis). Although we
chose to use social interactions as a prompt for affect ratings,
our findingsmay have implications for other psychopathology
research that used different eliciting events for such ratings.
For example, affect ratings linked with binge-eating episodes
(Smyth et al. 2007) or non-suicidal self-injury (Muehlenkamp
et al. 2009) may elicit greater negative affect on average.

Additionally, we found greater variability in arousal, but
not valence, in signal-contingent ratings relative to event-
contingent ratings. Other studies using signal-contingent
schedules to examine variability in valence in psychopathol-
ogy have yielded mixed findings. For instance, some ESM
studies using signal-contingent schedules to measure valence
as two independent dimensions (a separate scale for PA and a
separate scale for NA) found BPD patients exhibited greater
variability in PA and NA than clinically depressed patients
(Trull et al. 2008) or that MDD patients displayed greater
variability in PA and NA than healthy controls (Crowe et al.
2018). These studies did not include a measure of arousal. In
contrast, other ESM studies using signal-contingent schedules
to measure affect as represented by the two dimensions va-
lence (unpleasant to pleasant) and arousal (inactive to activat-
ed) of an affective space show a pattern similar to our results
(e.g., Stein 1996; Vansteelandt et al. 2013). For example, Stein

(1996) found pleasant and unpleasant affect did not differ
between BPD patients and eating disordered patients; howev-
er, BPD patients did report greater variability for high activa-
tion emotions (i.e., aroused/surprised) compared to eating dis-
ordered patients. Thus, the type of measure used to assess
affect (e.g., valence/arousal vs. negative affectivity/positive
affectivity) may also impact affective variability ratings. This
remains a question for future research. Overall, our results
suggest affective arousal is sensitive to the type of ESM as-
sessment schedule employed. This is important, as affective
arousal is understudied relative to affective valence.

As hypothesized, we also found that the average level of
entropy was higher for signal-contingent than event-
contingent affect ratings. This indicates that patients reported
more diverse affective experiences over time when assessed
by signal-contingent schedules. Furthermore, using EMD we
found that event-contingent valence-arousal landscapes were
more similar across individuals than signal-contingent land-
scapes. Taken together, these findings demonstrate that signal-
contingent schedules generally capture more variabilitywithin
individuals (i.e., individuals rate affective experiences span-
ning more of the valence-arousal affective space) and more
variability between individuals when modeled as a two-
dimensional affective space (i.e., the landscape). When
interpreting results, investigators should keep in mind that
event-contingent schedules increase the homogeneity of
events sampled in daily life relative to signal-contingent de-
signs. An advantage of considering the joint variability in
valence and arousal (entropy), rather than treating each affect
dimension individually, is that researchers can more precisely
model the co-occurrence of these core dimensions of affect.

In addition, this study’s findings contrast to those of
Himmelstein et al. (2019) whom suggested signal-contingent
and event-contingent schedules can be used interchangeably
to make conclusions about means, variances, and correlations
between momentary constructs (e.g., affect and interpersonal
behavior) when studying social situations. The current results
suggest the opposite conclusion. However, there are several
important differences between the two studies. For example,
Himmelstein and colleagues employed a between-subjects de-
sign whereas the present study employed a within-subjects
design. Other important differences include sample type, mea-
sure of affect, and the frequency and duration of sampling, all
of which may contribute to the different pattern of results.
Thus, future ESM studies in this area would be helpful to
confirm our findings.

Assessment Implications and Future Directions

The present study shows that when using ESM, newer model-
ing methods (e.g., entropy, EMD) can be used to study two-
dimensional constructs such as affect landscapes in clinical
populations, which has real-world implications. For instance,
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examining differences in two-dimensional affective land-
scapes may be particularly useful in that it allows clinicians
to see whether the patient’s configuration of valence-arousal
landscape changes across individualized or standardized treat-
ment. To test whether such changes are clinically meaningful
(e.g., indicate the extent to which affect surrounding a per-
son’s social life is different than the rest of his/her life), the
establishment of benchmarks for within-person entropy and
EMD in a “healthy” population may be helpful. Specifically,
EMD may provide clinicians with a quantification of the de-
gree to which an individual with a psychological disorder
moves toward a healthy configuration of affective experience
with appropriate treatment. The information gleaned from an
individual’s affective landscapes as assessed by ESM could be
incorporated into patient diagnosis, treatment planning, and
progress monitoring as appropriate (Roche and Pincus 2016;
van Os et al. 2013; Wright et al. 2019). Additional research is
needed to test such possibilities.

This study also adds to the importance of assessing affec-
tive dynamics in psychological disorders more generally, as
there is a growing literature suggesting that affective variabil-
ity may be a transdiagnostic marker of psychopathology (e.g.,
Santangelo et al. 2014). Although affective variability was
initially a focus in studies of BPD (Trull et al. 2008), accumu-
lating research indicates that affective variability does not dif-
fer across a number of diagnostic groups. Beyond diagnoses,
affective variability is also associated with other mental health
problems including depressive symptoms (Koval et al. 2013),
alcohol consumption (Mohr et al. 2015), and suicidal ideation
(Palmier-Claus et al. 2012). Accordingly, event-contingent
and signal-contingent schedules are useful tools for studying
affective processes and their role in individuals’ psychological
well-being. This is also consistent with advances in
transdiagnostic treatment approaches that broadly focus on
affective dysregulation (e.g., Barlow and Farchione 2018).

Another area for future research is to understand how
eliciting events (context) moderate signal-contingent affect
ratings. Our findings suggest event-contingent and signal-
contingent schedules should not be treated as interchangeable.
However, signal-contingent data that are proximate to a social
interaction may resemble event-contingent data. Should this
be the case, it suggests that, with appropriate assessment of
context, the moderation of ratings by context (here, the pres-
ence or absence of a social interaction) can be analyzed within
signal-contingent assessment schedules to yield similar infor-
mation derived from event-contingent data. This possibility
presumes that the assessment occurs at a high enough tempo-
ral sampling rate, and for a long enough period of time, to
randomly encounter and code social interactions and other
contexts of interest. However, in many circumstances the con-
tingent event of interest (e.g., a binge eating episode) will be
too infrequent, thus there remains a place for both types of
assessment schedules.

Limitations and Conclusion

This study is not without its own problems and limitations,
which should be considered when interpreting study findings.
First, given the combined signal-contingent and event-
contingent design creates high participant burden, the sample
size was relatively small. Consequently, our study may have
been underpowered to detect some effects. Null findings
should be interpreted cautiously and replication in larger clin-
ical samples is warranted. Second, we used a convenience
sample of outpatients in this study. The sample was predom-
inately female and Caucasian and consisted only of patients
from a community mental health center who were
oversampled for either BPD or any anxiety disorder. Future
studies are needed to replicate our findings with a larger more
diverse sample and to determine whether our findings would
generalize to individuals with other demographic characteris-
tics, as well as to nonclinical and other clinical populations
from different settings (e.g., inpatient hospital, outpatient psy-
chiatric clinic, long-term care). Third, we used only one type
of eliciting event (face to face social interactions) in our event-
contingent assessment, thus the current results may not gener-
alize to other types of eliciting events commonly studied in
clinical research such as eating binges and episodes of non-
suicidal self-injury. Fourth, our results may not generalize to
studies that use different assessment schedules (e.g., interval-
contingent), time sampling strategies, and measures of affect
other than those used in the present study. For instance, we
only considered valence and arousal dimensions of affect in
the current investigation, but other two-dimensional models of
affect (e.g., Watson and Tellegen 1985; Thayer 1989) and
even three-dimensional models (e.g., Carver and Scheier
1998; Schimmack and Grob 2000) could be employed.
These could be tested in future ESM studies examining affec-
tive dynamics in psychopathology. Furthermore, the inability
of our data to separate out PA and NAmay also be considered
a limitation given that PA and NA are usually distinct (if
anticorrelated), but can become bipolar under stress (Zautra
et al. 2002). Consequently, the methodological choice to use
one scale to capture valence than separating out PA and NA
may have influenced findings (e.g., Zautra et al. 2002) and
therefore should be considered in future study designs. Fifth,
the signal-contingent and event-contingent item stems for af-
fect were slightly different, however, the visual analogue scale
anchors and response options were identical. Finally, our re-
sults focusing on affective variability (iSD, entropy) may not
generalize to findings examining affective instability, which
accounts both within-person variability and temporal depen-
dency (e.g., Dawood and Pincus 2018; Ebner-Priemer et al.
2007; Santangelo et al. 2014).

Despite these limitations, the present study makes a novel
contribution to the ESM literature on affective dynamics and
psychopathology. Notably, we found that assessment
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schedules impact ESM affect ratings in our clinical sample.
Specifically, event-contingent schedules homogenize experi-
ence sampling relative to more random signal-contingent
schedules. In the present study, the event-contingent context
of social interactions was associated with more pleasant va-
lence and emotional arousal in affect ratings. We also found
that signal-contingent schedules captured greater variability
within individuals and between individuals on arousal-
valence landscapes relative to event-contingent schedules.
Taken together, context appears to moderate affective ratings.
Importantly, our findings suggest that event-contingent sched-
ules and signal-contingent schedules should not be treated
interchangeably in the assessment of affect over time; and
concurrent modeling of two-dimensional landscapes (Ram
et al. 2013, 2017) offers new ways to examine ESM ratings
of affect for research and clinical purposes. Ultimately, we
hope our study encourages ESM researchers interested in de-
scribing dynamic affective processes give thoughtful consid-
eration to what assessment schedules and modeling ap-
proaches would be optimal for their particular scientific
questions.
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