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individuals implicitly (i.e., without conscious processing) learn about the associations between
contextual cues and internal cues such as the concurrent levels of affect [1,2]. The rewarding
or punishing value of each association, in turn, affects the probability of re-engagement in that
activity [3,4]. Although the emotional seasoning of daily life provides an important bias for
subsequent motivated action, these implicit learning processes are usually studied in a con-
trolled laboratory setting and not in daily life.

In laboratory settings, implicit learning processes are assessed by experimental tasks, such
as the probabilistic reward task [5]; the probabilistic selection task [6]; and the probabilistic
reversal learning task [7]. Instead of associations between contextual cues and positive or nega-
tive emotions, associations between stimuli and monetary gains or losses are created and
manipulated to induce implicit preferences for certain stimuli. For example, when stimulus A
is subliminally rewarded with more money than stimulus B (i.e., without conscious process-
ing), individuals are found to develop a preference for A over B [8–10]. Although the labora-
tory setting for these experiments allows for precise control, the stimuli and the monetary
gains and losses are a pale shadow of rewarding or punishing experiences in daily life. Most
importantly, it remains unknown how the response biases found in laboratory tasks translate
to motivated actions in real-life.

The Experience Sampling Method (ESM) provides an excellent tool to investigate such
learning processes because, contrary to the snapshot of an individual’s response bias in labora-
tory settings, ESM allows investigation of the phenomena over a longer period of time. That is,
ESM enables researchers to investigate small but recurrent behavioral and emotional changes
across hours, days or weeks, including behavioral consequences of rewarding and punishing
experiences. Instead of investigating monetary gains and losses to abstract stimuli in simula-
tion tasks, tracking real-life positive and negative affective experiences to real contextual sti-
muli and daily activates would enable researchers to investigate response biases in the real
world, with findings of high ecological validity. Taken together, the application of ESM to
investigate reinforcement learning in real life seems very promising.

Recently, Wichers and colleagues [11] were the first to show that implicit reinforcement
learning processes can be studied in real-life by the ESM. They used data of 621 women who
were paged at 10 semi-random time points a day, and assessed their emotional state, the extent
to which they were physically active, and to what extent they appreciated the company they
were in at the time of the beep. Positive Affect (PA) and Negative Affect (NA) experienced in
pleasant company affected the degree to which the individuals would seek out pleasant com-
pany thereafter in this study. Hence, these findings yielded support for implicit reward and
punishment learning processes with regard to engagement in social company. The associations
were found both across consecutive beeps and across consecutive days. With regard to physical
activity, Wichers and colleagues [11] found similar learning effects, but across a three-day
cycle instead of the next beep or day. As a possible explanation, the authors proposed that the
body often needs one or two recovery days after sports, during which renewed engagement in
physical activity is unlikely.

Three characteristics of the methods and design used by Wichers and colleagues [11] limit
the interpretation of their findings. The first concerns the suboptimal measure of social con-
text. Instead of the amount of social interaction or time spent in a certain social context, social
company was measured as the extent to which participants liked the company they were in.
The level of appraisal of company was found to partially overlap with levels of PA (� = .30),
which may have inflated the found reward learning effects with regard to social company. The
second limitation concerns the timescale. That is, the intervals during the day were relatively
short (on average 90 minutes apart), and the activities on beep-level likely often reflect contin-
ued rather than newly started activities. Finally, as the authors noted, it would be highly
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informative to study reward and punishment learning processes in individuals suffering from
mental health problems instead of a sample of merely healthy individuals like theirs.

The aim of the current study was to replicate this first Experience Sampling Method (ESM)
study into implicit learning processes in real life while overcoming the limitations discussed
above. Instead of a measure of social behavior that is interwoven with appraisal, we used more
neutral measures of social behavior (i.e., time spent in company; amount of social interaction),
and we included specific social contexts (i.e., time spent in company of friends, partner, or
family) to explore learning across different types of social contexts. Furthermore, we reduced
the probability of spill-over effects due to continuation of activities instead of re-engagement
by using beeps that were approximately six hours apart. Finally, we extended the study of
Wichers and colleagues [11] by comparing the reward and punishment learning effects in indi-
viduals not diagnosed for a mental disorder or in current treatment for a mental disorder to
those in individuals suffering from anhedonia. Anhedonia is one of the core symptoms of
depression, and defined by the Diagnostic Statistical Manual as a marked loss of pleasure or
interest [12], characterized by an impaired ability to pursue, experience, and learn about
reward [13–16]. Anhedonic individuals often show reduced reward learning and punishment
learning in probabilistic reward tasks [17–20], possibly because they are less able to exploit
affective information that guides behavior. Nonetheless, to what extent these altered responses
in anhedonic individuals translate to motivated actions in real-life has never been investigated.

Based on the above-described considerations, we hypothesized that levels of PA and NA
during social activity would respectively increase and decrease the probability of subsequent
engagement in that activity, both within days and across days. For physical activity, we hypoth-
esized that reinforcement learning would follow a 3-day cycle instead of a 1-day or within-day
cycle. Furthermore, we hypothesized that individuals with anhedonia would show impaired
associative learning rates as compared to individuals without.

Material and methods

Sample
The sample is part of the larger No Fun No Gory (NFNG) study: a randomized controlled trial
to explore the effects of personalized lifestyle advice and tandem skydives on pleasure levels in
anhedonic young adults (see [21]). The NFNG study is registered in the Dutch Clinical Trial
Register (NTR5498) and was approved by the Dutch Medical Ethics Committee from the Uni-
versity Medical Center Groningen (no. 2014/508). Participants were selected through an
online screening survey among 2937 young adults (M age = 21.4 years, SD = 1.9, 78% women)
from the Northern part of the Netherlands. The final sample consisted of a total of 138 ESM
participants who met the inclusion criteria and were randomly selected for the ESM-part of
the study: 69 with anhedonia, and 69 matched controls. For a more graphic representation of
the inclusion and exclusion of participants, please see the flowchart in Fig 1; for more details
on the demographics of the anhedonic individuals and matched controls, please see Table 1.

Inclusion criteria for the anhedonia group were 1) persistent anhedonia and 2) willingness
to perform a skydive. Persistent anhedonia was defined based on three items from the Do-
mains of Pleasure Scale (DOPS; [23]) assessing (1) the level of pleasure in the past two weeks,
(2) whether this level represented a change compared to what is considered normal for this
individual, and (3) the duration of the loss of pleasure, if any. In order to be eligible for inclu-
sion of the anhedonia group, a participant was required to report a level of pleasure below the
25th percentile, which was experienced as lower than normal, and had to suffer from this loss
of pleasure for at least two months. For the control group, the inclusion criteria were 1) no loss
of pleasure (i.e., pleasure rating above the 50th percentile, rated as ‘just as much’, ‘more’ or
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