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Abstract

The term “Pavlovian” bias describes the phenomenon that learning to execute a response to obtain a reward or to inhibit a
response to avoid punishment is much easier than learning the reverse. The present study investigated the interplay between
this learning bias and individual levels of social anxiety. Since avoidance behavior is a hallmark feature of social anxiety
and high levels of social anxiety have been associated with better learning from negative feedback, it is conceivable that the
Pavlovian bias is altered in individuals with high social anxiety, with a strong tendency to avoid negative feedback, especially
(but not only) in a nogo context. In addition, learning may be modulated by the individual propensity to learn from positive
or negative feedback, which can be assessed as a trait-like feature. A sample of 84 healthy university students completed
an orthogonalized go/nogo task that decoupled action type (go/nogo) and outcome valence (win/avoid) and a probabilistic
selection task based upon which the individual propensity to learn from positive and negative feedback was determined.
Self-reported social anxiety and learning propensity were used as predictors in linear mixed-effect model analysis of per-
formance accuracy in the go/nogo task. Results revealed that high socially anxious subjects with a propensity to learn better
from negative feedback showed particularly pronounced learning for nogo to avoid while lacking significant learning for
nogo to win as well as go to avoid. This result pattern suggests that high levels of social anxiety in concert with negative
learning propensity hamper the overcoming of Pavlovian bias in a win context while facilitating response inhibition in an
avoidance context. The present data confirm the robust Pavlovian bias in feedback-based learning and add to a growing body
of evidence for modulation of feedback learning by individual factors, such as personality traits. Specifically, results show
that social anxiety is associated with altered Pavlovian bias, and might suggest that this effect could be driven by altered
basal ganglia function primarily affecting the nogo pathway.

Introduction

Adaptive behavior, i.e., the optimization of response strate-
gies based on performance-related feedback, is the key to
successful survival in dynamic environments. In general,
individuals strive to maximize desirable and minimize unfa-
vorable action consequences, as formalized in the Law of
Effect by Edward Thorndike (1927). However, not all con-
tingencies between actions and consequences are learned
equally well. A growing body of evidence points to the
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existence of a specific learning bias due to which reward
seeking is particularly coupled with action invigoration,
while punishment avoidance is particularly coupled with
action inhibition (Gray & MacNaughton, 2003). In other
words, learning to execute a response to obtain a reward is
easier than learning to inhibit a response to obtain a reward,
and learning to inhibit a response to avoid punishment is eas-
ier than learning to execute a response to avoid punishment
(e.g., Guitart-Masip et al., 2012a, 2012b). This bias has been
referred to as “Pavlovian bias” and is thought to originate
from a conflict between Pavlovian control of behavior, which
favors approach in the prospect of reward and avoidance in
the prospect of punishment (Gray & MacNaughton, 2003),
and instrumental control of behavior, in which the behav-
ioral output depends entirely on outcome valence (Guitart-
Masip, Duzel, Dolan, & Dayan, 2014a, Guitart-Masip et al.,
2014b). It has been proposed that prefrontal executive con-
trol mechanisms are needed to overcome these biases in
the learning process (Cavanagh, Eisenberg, Guitart-Masip,
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Huys, & Frank, 2013). In addition, the hippocampus has
also been implicated in processing of approach-avoidance
conflicts (for a review, see Ito & Lee, 2016).

Interestingly, the Pavlovian bias is quite robust and
evident not only when performing oneself, but also when
learning merely by observing another individual’s actions
and their consequences (Peterburs, Frieling, & Bellebaum,
2020). Aside from contextual factors, such as agency, a
growing number of studies have investigated modulation
of feedback-based learning by inter-individual factors. For
instance, depression, and specifically anhedonia, i.e., a lack
of pleasure in response to ordinarily rewarding experiences,
is associated with reduced reward sensitivity (e.g.; Huys,
Pizzagalli, Bogdan, & Dayan, 2013; see Must, Horvath,
Nemeth, & Janka, 2013 for a mini review). Nevertheless, the
Pavlovian bias is preserved in patients with mild to moderate
major depressive disorder, suggesting that the motivational
deficits typical for this disorder cannot be solely explained in
terms of aberrant reward processing, and that an altered Pav-
lovian bias is unlikely to impair recovery (Moutoussis et al.,
2018). In contrast, a very recent study reported that patients
with first-episode psychosis were impaired at overcom-
ing Pavlovian bias (as reflected in lower learning rates and
overall performance) and showed blunted sensitivity to both
reward and punishment (Montagnese et al., 2020), suggest-
ing that these alterations in outcome processing may play
an important role for the psychopathology of this disorder.

Social anxiety disorder (SAD), which is characterized by
disproportional fear in and of (social) performance situations
and feedback, has also been linked to alterations in reward
processing and feedback-based learning. Cognitive models
of the disorder (Clark & Wells, 1995; Rapee & Heimberg,
1997) postulate information processing biases towards
increased attention to and memory for negative information
as well as negative interpretation of ambiguous informa-
tion. In line with this, empirical studies have found that high
socially anxious individuals learned better than non-socially
anxious individuals to avoid stimuli that were associated
with negative feedback (Abraham & Hermann, 2015; Voe-
gler, Peterburs, Bellebaum, & Straube, 2019) or ambiguous
stimuli (Stevens, Peters, Abraham, & Hermann, 2014) in
probabilistic learning tasks. These studies only used tasks
requiring response invigoration. Social anxiety, however,
is characterized particularly by avoidance behavior: high
socially anxious individuals often do not act, i.e., they do
not go out, do not meet others, they avoid giving speeches,
etc., and the persistence of this behavior suggests that it
is reinforced because (anticipated) negative consequences
of social situations are avoided. Moreover, this avoidance
also prevents the opportunity for fear extinction, which also
contributes to the persistence of the anxiety. It thus seems
conceivable that the Pavlovian learning bias is altered in
individuals with high social anxiety, with a strong tendency

to avoid negative feedback, especially (but not only) by not
acting. The present study aimed to investigate this notion.
Importantly, previous investigations tested clinical samples
(patients with SAD; e.g., Voegler et al., 2019) or extreme
groups (Abraham & Hermann, 2015) to characterize the
impact of high levels of social anxiety on feedback-based
learning. However, it has been proposed that social anxiety is
represented on a continuum ranging from subclinical behav-
iors (e.g., shyness) to clinical manifestation (SAD) based on
common underlying dysfunctional mechanisms (Stein, Tor-
grud, & Walker, 2000). Of note, applying dimensional rather
than categorical approaches when studying psychopathology
to better understand the full spectrum of mental health and
mental illness is also at the heart of the Research Domaine
Criteria Initiative (RDoc) of the National Institute of Mental
Health. Along these lines, testing extreme groups or patient
samples may not be ideal to map the impact of social anxiety
as a continuous variable as it occurs in the healthy popula-
tion. We therefore recruited a large sample of healthy adults
who naturally varied in social anxiety (as determined based
on self-report). Of note, this sample also included individu-
als with particularly low or high social anxiety scores but
did not include individuals with a clinical diagnosis of SAD.

Subjects completed a variant of the orthogonalized go/
nogo task first described by Guitart-Masip et al. (2011)
that decoupled action (response execution or inhibition; go/
nogo) and outcome valence (win/avoid), thus allowing for
direct assessment of the Pavlovian bias. Our main aim was
to examine to what extent performance in the orthogonalized
go/nogo task was affected by social anxiety. As mentioned
above, high levels of social anxiety have previously been
associated with better learning from negative than positive
feedback (Abraham & Hermann, 2015; Voegler et al., 2019).
We therefore also applied the so-called probabilistic selec-
tion task that enabled us to assess if subjects generally had a
propensity to learn better from positive (approach learning)
or negative feedback (avoidance learning). Previous work
(e.g., Frank, Seeberger, & O’reilly, 2004, Frank, Woroch, &
Curran, 2005; Stocco et al., 2017) demonstrated individual
differences in learning from positive and negative feedback
in healthy participants which was also reflected in their elec-
trophysiological responses to correct and erroneous stimulus
choices, suggesting that the individual propensity to learn
from positive/negative feedback may be a trait-like phenom-
enon that can be directly linked to midbrain dopaminergic
function (Frank et al., 2005). We thus included learning pro-
pensity as a potential additional predictor that may modulate
the Pavlovian learning bias in feedback-based learning.

We expected that higher levels of social anxiety would be
associated with reduced Pavlovian bias in a go context due
to better learning of go to avoid compared to subjects with
lower levels of social anxiety. In contrast, we hypothesized
that the Pavlovian bias in the nogo context would be more
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pronounced in subjects with higher levels of social anxiety,
due to better learning of nogo to avoid (compared to nogo
to win) relative to subjects with lower levels of social anxi-
ety. These effects of social anxiety on the Pavlovian Bias
were expected to interact with learning propensity. Specifi-
cally, we expected the hypothesized social anxiety effects
(i.e., reduced Pavlovian bias in the go context, more pro-
nounced Pavlovian bias in the nogo context) to be strongest
for socially anxious individuals with a strong bias towards
better learning from negative than positive feedback.

Methods
Subjects

A total of 90 student volunteers (77 women, 13 men) were
recruited by public advertisement at Heinrich-Heine-Uni-
versity Diisseldorf, Germany. We aimed to analyze the data
with LME models because this approach allows for continu-
ous as well as categorical variables to be entered as predic-
tors (see also “Data analyses” below), and both fixed and
random effects can be modelled. For a power analysis, how-
ever, an estimate of the effect size would be required, usually
taken from previous, related studies. Since, to our knowl-
edge, LME models have not been used to address the present
or related research questions, the required sample size was
roughly estimated based on a previous study that also used
the propensity to learn from positive/negative feedback as
predictor, even though the dependent variable was lexical
ambiguity resolution (Ceballos, Stocco, & Prat, 2020). How-
ever, in this study, 140 participants were assigned to three
groups of 38 to 52 subjects according to individual learning
propensities, thereby transforming the continuous predictor
variable into a categorical one. Since in the present study
we exploited the nature of learning propensity and social
anxiety as continuous variables, increasing the power, a sam-
ple size of 90 was considered sufficient. All subjects had
normal or corrected-to-normal vision and were naive to the
study’s intent. Six individuals disclosed a history of a psy-
chiatric disorder when completing a background question-
naire at the end of the test session. Their data were excluded
from all analyses, because exclusion criteria were current
or past psychiatric or neurological disorders as well as the
intake of medication affecting the central nervous system.
The final sample thus consisted of 84 subjects (71 women,
13 men) of whom 74 reported to be right-handed and 10
reported to be left-handed. Mean age was 22.5 years (SD
4.5; range 18-37 years).

Written informed consent was obtained from all partici-
pants prior to participation. Subjects received course credit
for participation. The study conforms to the Declaration of
Helsinki and received ethical clearance by the Ethics Board
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of the Faculty of Mathematics and Natural Sciences at Hein-
rich-Heine-University Diisseldorf, Germany.

Assessment of social anxiety

The self-report version of the Liebowitz Social Anxi-
ety Scale (LSAS; Liebowitz 1987) was used to assess the
individual level of social anxiety. The LSAS comprises 24
items describing situations that are typically unpleasant for
socially anxious individuals. Subjects rate their subjective
levels of anxiety and avoidance for each situation on Likert
scales ranging from zero (no anxiety/avoidance) to three
(severe anxiety/avoidance). Avoidance and anxiety scores
are added for the LSAS total score. Mean LSAS score in
the present sample was 29.59 (SD 20.08, range 1-91). Since
total scores > 60 are commonly found in clinical samples and
associated with pathological (generalized) social anxiety dis-
order (Mennin et al., 2002), the sample included individuals
with mild to moderate as well as subjects with severe social
anxiety. However, since none of the subjects had a formal
diagnosis of social anxiety disorder (SAD), the sample is
considered sub-clinical.

Experimental tasks

Assessment of learning from positive and negative
feedback with the probabilistic selection task

To assess an individual’s propensity to learn better from
positive or negative feedback, which was used as a potential
predictor of performance in the orthogonalized Go/NoGo
task (see below), a variant of the “probabilistic selection
task” first described by Frank et al. (2004) was applied (see
also Weismiiller et al., 2018). Stimulus presentation and tim-
ing was controlled by Presentation software (version 17.2,
Neurobehavioral Systems, Inc., Berkeley, CA, USA).

The task comprised three distinct phases: learning, test,
and transfer phase. In the learning phase, in each trial, one
of three different pairs of Japanese Hiragana characters was
presented (pairs A/B, C/D, and E/F) for up to 3500 ms. Sub-
jects were asked to select one of the characters by pressing
the left or right control key on a standard USB keyboard.
Upon button press, the selected character was briefly high-
lighted on the screen for 300 ms before positive or negative
feedback was presented for 500 ms, informing the subjects
about whether or not their response had been correct. Cor-
rect responses were rewarded with 4+ 10 points and incorrect
responses were punished with a loss of 10 points towards the
total score. Subjects were encouraged to use the feedback
to learn which symbols to select to maximize their score.
Unbeknown to the subjects, each character was associated
with a specific reward probability: for pair A/B, choosing
A led to positive feedback in 80% and to negative feedback
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in 20% of cases. Conversely, choosing B led to positive
feedback 20% and to negative feedback 80% of the time.
Analogously, the pairs C/D and E/F were associated with
reward contingencies of 70/30 and 60/40. If response latency
exceeded 3500 ms, the trial was aborted and subjects were
reminded to respond faster. Figure 1a illustrates the time
course and sequence of stimulus presentation in one trial in
the learning phase of the probabilistic learning task. Each
pair was presented 20 times in each learning phase, while
pair order was randomized, thus amounting to a total of 60
trials per learning phase.

After completion of the learning phase, the test phase
started. Here, stimulus sequence and timing were identical

A Probabilistic feedback learning task

Fixation
500 - 2000 ms

Stimulus pair
max 3500 ms

o oo o]

Choice
500 ms

to the learning phase except that no feedback was presented.
Subjects therefore had to apply the stimulus-outcome asso-
ciations acquired in the learning phase. To this end, test
phases allowed us to determine whether subjects contin-
ued to respond according to the knowledge gained during
the learning phase in the absence of trial-by-trial feedback
(Foerde, Knowlton, & Poldrack, 2006; Foerde & Shohamy,
2011; Kobza et al., 2012). Each pair was presented ten times
in each test phase in randomized order, yielding a total of 30
trials per test phase.

In accordance with our previous study (Weismiiller et al.,
2018), the transfer phase was only started when subjects
had reached a fixed learning criterion in the test phase, i.e.,
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Fig. 1 Schematic illustration of the sequence and time course of stimulus presentation in trials in the learning phases of a the probabilistic selec-

tion task, and b the orthogonalized go/nogo task
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once they had chosen correctly in 80% of the trials featur-
ing pair A/B and 70% of the trials featuring pair C/D. If
subjects failed to reach this criterion, learning and test phase
were repeated. After a maximum of four repetitions (i.e., a
total of five learning and five test phases), the transfer phase
was initiated regardless of choice accuracy. In the transfer
phase, the original pairs were dissolved and the character
most likely to result in positive feedback (“A”) was paired
with each of the other characters it had not been paired
before, yielding the new combinations A/C, A/D, A/E, and
A/F. Similarly, the character most likely to result in negative
feedback (“B”) was re-paired to yield the new combinations
B/C, B/D, B/E, and B/F. This procedure allowed differential
assessment of positive and negative learning, i.e., to what
extent subjects had learned from positive feedback and thus
chosen the stimulus most likely to result in positive feedback
(“A”) over all others, and from negative feedback, i.e., to
what extent subjects had avoided the stimulus most likely to
result in negative feedback (“B”) (e.g., Frank et al., 2004;
Kobza et al., 2012; Weismiiller et al., 2018). Specifically, the
individual propensity to learn from positive/negative feed-
back was determined as the difference between the percent-
age of transfer trials in which stimulus A had been chosen
and the percentage of transfer trials in which stimulus B had
been avoided (e.g., Ceballos et al., 2020). This value could
range from — 100 to 100, with negative values indicating
better learning from negative and positive values indicating
better learning from positive feedback.

The transfer phase consisted of a total of 40 trials, with
the stimuli A and B appearing in 20 trials each. No feedback
was provided, and stimulus sequence and timing were identi-
cal to the test phase.

After each test phase, subjects could take short breaks in
which they were informed about their current score. Task
completion took between 15 and 40 min, depending on
when/if the learning criterion was reached.

Assessment of go and nogo learning from positive
and negative feedback with the orthogonalized go/nogo
task

The second experimental task (again controlled by Presenta-
tion software; version 17.2, Neurobehavioral Systems, Inc.,
Berkeley, CA, USA) was a variant of the “orthogonalized
go/nogo task” which decouples outcome valence and action
(Guitart-Masip et al., 2011) and is capable of revealing Pav-
lovian learning biases, which we compared between active
and observational feedback learning in a recent study (Peter-
burs et al., 2020). In the present study, this task assessed the
behavior of interest which we hypothesized to be affected by
social anxiety, assessed by the LSAS (see “Assessment of
social anxiety”), and possibly the propensity to learn from
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positive or negative feedback, assessed by the probabilistic
selection task (see previous section).

In each trial of the task, participants chose between two
behavioral options (to execute or inhibit a response, i.e., g0
or nogo) to receive or avoid losing points. There were four
combinations of action and outcome valence (go to win,
go to avoid losing, nogo to win, and nogo to avoid losing)
and these four options were balanced throughout the task.
Four abstract fractal images (Mathdt, Siebold, Donk, & Vitu,
2015; obtained from https://github.com/smathot/materials_
for_P0010.5) were used as imperative stimuli and randomly
assigned to the four combinations for each subject.

The task consisted of four learning and four test phases
which alternated, beginning with a learning block. Learn-
ing performance was assessed based on test block perfor-
mance (see below). Figure 1b illustrates the time course and
sequence of stimulus presentation in one trial in the learn-
ing phase of the go/nogo task. Trials started with presenta-
tion of a fractal image for 1000 ms, followed by a fixation
cross for 250-2000 ms. Subsequently, an open circle was
presented on the left or right for 1500 ms. Task instructions
emphasized that subjects were required to decide between
responding and not responding, and in case of responding
to press the response button (left or right CTRL key on a
standard USB keyboard) corresponding to the side the circle
had been presented on (e.g., right CTRL key for circle on
right side). Responses had to occur within 1000 ms follow-
ing stimulus onset. If subjects chose not to respond, they had
to let the response period pass. Accidental button presses on
the wrong side led to abortion of the trial and subjects being
reminded to respond on the side of the circle if they chose to
respond. After presentation of the circle, a fixation cross was
displayed for 750-1000 ms, followed by symbolic feedback.
An upward pointing arrow indicated that ten points had been
gained (win), a downward pointing arrow indicated that ten
points had been lost (loss), and a horizontal bar indicated
that no points had been gained or lost (draw). Based on this
feedback, subjects could learn which fractal stimulus was
associated with which kind of outcome (win/draw/loss) for
which kind of choice (go or nogo). For two fractal images,
the favorable outcome was to avoid losing points (draw) and
the unfavorable alternative was a loss of points. For two
others, a win was the favorable and a draw the unfavorable
outcome. For one stimulus per outcome combination, the
favorable outcome could be obtained with a go or a nogo
choice, respectively. Correct choices led to the favorable out-
come in 80% of the trials, while the unfavorable outcome
was received in the other 20%.

Similar to the probabilistic selection task, each learn-
ing phase was followed by a test phase in which no feed-
back was provided. Otherwise, test trials were identical
to learning trials. Task instructions encouraged subjects
to optimize test phase performance based on the feedback
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provided in the learning phases. Test phases were introduced
in the orthogonalized go/nogo task because the assessment
of learning from positive/negative feedback in our variant
of the probabilistic selection task was also based on trials
without feedback (see “Assessment of learning from posi-
tive and negative feedback with the probabilistic selection
task’). Moreover, in our recent study involving observational
learning (Peterburs et al., 2020), we found that the Pavlovian
bias is also reflected in participants’ choice behavior in trials
without feedback.

In total, the orthogonalized go/nogo task comprised four
learning and four test phases with 40 trials each (ten per
combination), in randomized order. Subjects could take
short breaks between phases in which they were informed
about their current score. To keep the subjects motivated and
to prevent negative scores especially early on in the task, the
starting score was set to 400 points. Completion of this task
took approximately 50 min.

Procedure

All subjects completed the two tasks described above after
written informed consent had been obtained and the demo-
graphic questionnaire had been filled in. Task order was bal-
anced across the sample to avoid sequence effects.

Data analyses

Statistical analyses were performed using R (version 3.5.3).
As outlined in the Introduction, the focus of the present study
was on the impact of social anxiety on the Pavlovian learn-
ing bias and on the question if (and how) this bias related
to the individual propensity to learn better from positive or
negative feedback. In previous studies, relationships between
inter-individual factors or personality traits and performance
in specific cognitive tasks have been investigated using LME
models because both categorical and continuous factors can
be included in this type of analysis (e.g., Bellebaum, Ghio,
Wollmer, Weismiiller, & Thoma, 2020; for a general over-
view, see Magezi, 2015).

In a first step, we investigated if social anxiety was cor-
related with the individual propensity to learn from posi-
tive/negative feedback. This analysis was done for two rea-
sons: first, previous studies suggested that social anxiety
is characterized by a negative learning bias (Abraham &
Hermann, 2015; Voegler et al., 2019). However, this result
was reported for a clinical sample (Voegler et al., 2019) and
for an extreme group of high socially anxious individuals

(Abraham & Hermann, 2015), while we aimed to explore if
higher levels of social anxiety are associated with a tendency
to learn from negative feedback in a non-clinical sample.
Second, a potential relationship between social anxiety and
the propensity to learn from positive and negative feedback
is relevant for the question if both can serve as independent
predictors of performance in the orthogonalized go/nogo
task.

Next, we set up an analysis on factors influencing the
Pavlovian learning bias using the Ime4 statistical package
(version 1.1-21) in R (R Core Team) largely following the
best practice guide for LME model analysis by Meteyard
and Davies (2020). Specifically, the dependent variable was
response accuracy in the orthogonalized go/nogo task (i.e.,
the percentage of correct responses on test trials). From
within this task, action type (go/nogo) and outcome (win/
avoid) were defined as categorical fixed-effect predictors,
and block (1-4) was coded as a continuous predictor. In
addition, the separately assessed variables social anxiety,
(based on self-reports in the LSAS) and propensity to learn
from positive/negative feedback (based on performance in
the transfer phase of the probabilistic selection task) served
as continuous predictors. We aimed to include the latter
into the statistical model only if it did not correlate signifi-
cantly with social anxiety (see above and “Results”) and if
it significantly improved the statistical model, as revealed
by model comparison (see “Results”). Finally, participants
were included as random-effects factor in the analysis. We
also included the random slopes of the categorical and con-
tinuous predictors by participants. The two action type lev-
els were coded as+ 1 for go and — 1 for nogo. Similarly,
for outcome, win was coded as+ 1 and avoid as — 1. The
four levels of the block factor were coded as — 1.5, — 0.5,
0.5, and 1.5. LSAS and learning propensity score measures
were mean-centered. As our data set included only one data
point for the 16 conditions per participant (i.e., the condition
means for two levels of action type, two levels of outcome,
and 4 blocks), we decided not to compute a full model that
would have contained all subject- and item-level random
intercepts, random slopes for all within-subjects effects, and
random slopes for interactions completely within-subjects
to prevent overfitting. However, to include the largest pos-
sible number of random slopes per participant, we included
all within-subjects main effects as random effects. In other
words, we modeled random intercepts for all of our between-
and within-subjects variables, and we also included random
slopes for all within-subjects effects. The model was speci-
fied as follows:

Accuracy ~ block X action type X outcome X LSAS X learning propensity

+ (1 + block + action type + outcome|subject).
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The model was estimated using a restricted maximum
likelihood approach, as proposed by Luke (2017). The R
package ImerTest (version 3.1-0) was applied for evaluating
significance in the model using Satterthwaite approximation
for the degrees of freedom. Only p values below the alpha-
level of 0.05 were considered significant. To identify statis-
tical outliers, Cook’s distance was calculated using the R
package influence.ME (Nieuwenhuis, Grotenhuis, & Pelzer,
2012), and subjects with a Cook’s distance above the cut-off
4/(n—p—1) were excluded.

Significant interactions were resolved with the R pack-
age interactions (version 1.1.3; Long 2019), using simple
slope analyses and fixed cut-off values for the continuous
factors, i.e., LSAS scores and propensity to learn from
positive/negative feedback. This procedure enables sub-
division into slopes for the mean value of the respective
continuous factor plus one standard deviation above and
below the mean value. Interactions of more than two fac-
tors were resolved in a manual, stepwise manner: we first
resolved one factor and checked for significance of the
remaining lower-level interactions. If these were found to
be significant, the next factor was resolved accordingly.

Results

Social anxiety and learning from positive
and negative feedback

In one subject, there were technical problems with
response recording during the assessment of the propen-
sity to learn from negative and positive feedback, so that
data from n =83 were entered into the analysis of a rela-
tionship between the learning propensity and social anxi-
ety. On average, subjects completed 2.3 learning and test
phases (SD = 1.6; range 1-5) before the transfer phase
was initiated. Across the whole sample, the A stimulus
was selected on average in 71.75% of the trials of the
transfer phase (SD = 20.02; range 15-100%), while the
B stimulus was avoided on average in 69.16% of trials
(SD = 21.68; range 15-100%), resulting in a mean pro-
pensity to learn from positive/negative feedback of 2.59%
(SD = 29.05), which did not differ significantly from
0 (p=0.419). Thus, there was no general bias towards
learning from positive or negative feedback in the present
sample. Importantly, correlation analysis revealed that
there was no significant relationship between social anxi-
ety and the propensity to learn from positive or negative
feedback (r=0.081, p=0.472).

@ Springer

Social anxiety, learning from positive and negative
feedback and the Pavlovian learning bias
in the orthogonalized go/nogo task

Based on Cook’s distance (see above), six further partici-
pants were excluded from the analysis of the relationship
between social anxiety, the propensity to learn from posi-
tive/negative feedback and performance in the orthogonal-
ized go/nogo task, so that this analysis was based on n="77
participants. The lack of a significant relationship between
social anxiety and learning from positive/negative feed-
back as reported in the preceding section ensured that the
two parameters can be considered as largely independent
and thus both be included in the LME model for predict-
ing performance in the orthogonalized go/nogo task. Fur-
thermore, a model comparison based on a likelihood ratio
test using the anova() function in R supported inclusion of
learning propensity as a continuous factor, in addition to
social anxiety ()(2(16)=34.51, p=0.005): the model had a
smaller Akaike-Information-Criterion (AIC(43) =11,600,
Log-likelihood = — 5757.20) than the respective model
without learning propensity (AIC,;=11,603, Log-likeli-
hood =— 5774.50), suggesting that the learning propensity
added significantly to explaining the variance of perfor-
mance in the orthogonalized go/nogo task. Note that for
this comparison, the models were recalculated using the
maximum likelihood rather than the restricted maximum
likelihood approach.

Not surprisingly, the LME model revealed significant
main effects of block (F|; ¢5)=52.67, p<0.001) and action
type (Fjy, 75;=109.75, p<0.001), indicating that perfor-
mance generally increased throughout the task (b=4.71) and
was better for go than nogo trials (b= 15.97). Interestingly, a
main effect of social anxiety was also found (F; 7,,=5.63,
p=0. 020): increased social anxiety was associated with
decreased performance accuracy (b=— 0.19). These effects
are illustrated in Fig. 2a—c.

All fixed- and random-effects parameters are provided
in Table 1. Importantly, we could replicate the signifi-
cant action type X outcome interaction from the litera-
ture (F|; 9681 = 136.68, p<0.001). Simple slope analysis
revealed a significant positive slope for the predictor out-
come for go trials (b=6.31, p<0.001), indicating that
accuracy was higher for win than for avoid. The reverse
was found for nogo trials: a significant negative slope
(b=-9.25, p<0.001) indicated that accuracy was higher
for avoid than for win; see also Fig. 2d). Moreover, we
found a number of significant and marginally significant
two-, three-, and four-way interactions. These will not
be reported in detail, as there was a significant five-way
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A Mean accuracy
according to block

B Mean accuracy
according to action type

C Mean accuracy
according to social anxiety

D Mean accuracy according
to action type and outcome
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Fig.2 Main effects of block (a), action type (b), and social anxi-
ety (c), and action typeXoutcome interaction (d). Mean accuracy
increased across blocks (1-4), was higher for go than nogo, and

decreased with increased social anxiety as reflected in LSAS scores.
Moreover, accuracy was higher for win than avoid for go trials, while
the reverse was true for nogo trials (avoid > win)

Table 1 Regression table with
all fixed and random effect

parameters

B SE F P
Block 471 0.65 52.67 <0.001%**
Action type 1597 1.52 109.75 <0.001%**
Outcome —1.48 1.08 1.88 0.175
Social anxiety —0.19 0.08 5.63 0.020*
Learning propensity -0.02 0.05 0.10 0.748
Block X action type —2.38 0.60 1596 <0.001%**
Block x outcome - 1.30 0.60 4.78 0.029*
Action type X outcome 7.78 0.67 136.68 <0.001%**
Block x social anxiety —0.07 0.04 2.89 0.091
Action type X social anxiety 0.09 0.09 0.93 0.339
Outcome X social anxiety —-0.13 0.07 4.14  0.045%*
Block X learning propensity 0.00 0.02 0.02 0.882
Action type X learning propensity 0.04 0.06 0.60 0.441
Outcome X learning propensity 0.04 0.04 1.35 0.248
Social anxiety X Learning propensity 0.01 0.00 3.10 0.083
Block x action type X outcome —0.17 0.60 0.08 0.771
Block x action type X social anxiety 0.00 0.04 0.00 0.998
Block x outcome X social anxiety —0.03 0.04 0.54 0.462
Action type X outcome X social anxiety 0.11 0.04 6.94  0.009%*
Block X action type X learning propensity 0.00 0.02 0.00 0.948
Block x outcome X learning propensity 0.04 0.02 3.32 0.069
Action type X outcome X learning propensity —0.08 0.02 10.57 0.001**
Block X social anxiety X learning propensity 0.00 0.00 1.23  0.269
Action type X social anxiety X learning propensity 0.00 0.00 1.65 0.203
Outcome X social anxiety X learning propensity 0.00 0.00 0.16 0.692
Block x action type X outcome X social anxiety 0.09 0.04 6.44 0.011*
Block x action type X outcome X learning propensity —0.05 0.02 4.80 0.029%*
Block * action type * social anxiety * learning propensity 0.00 0.00 0.92 0.337
Block * outcome * social anxiety * learning propensity 0.00 0.00 0.38 0.537
Action type * outcome * social anxiety * learning propensity 0.00 0.00 0.08 0.775
Block * action type * outcome *social anxiety * learning propensity 0.00 0.00 4.59 0.032*
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interaction between all factors (block X action type X out-
come X social anxiety X learning propensity, F|; g¢5=4.59,
p=0.032). To resolve this interaction, we first consid-
ered the factor social anxiety. The subordinate four-way
interaction block X action type X outcome X learning pro-
pensity was significant for high socially anxious sub-
jects (F[y g68)=7.42, p=0. 007), but not for low socially

anxious subjects (p =0.887). We next resolved the factor
learning propensity in high socially anxious subjects. The
three-way interaction block X action type X outcome was
significant for negative learners among the high socially
anxious subjects (F|; g55;=28.92, p=0. 003), but not for
positive learners in this group of participants (p =0.249).
As a next step, we considered the factor outcome in

GO TO WIN GO TO AVOID
100 . .

low social anxiety

n.s - negative learners
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#: n.s.
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75 /
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<

**p <.001
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Fig.3 Accuracy as a function of the factors action type (go/nogo), and outcome (win/avoid) according to social anxiety (high/low) and learning

propensity (positive/negative learners)
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high socially anxious negative learners. The subordinate
two-way interaction block X action type was significant
for avoid (F; ¢65)=13.58, p<0.001), but not for win
(p=0.590). Last, we resolved the factor action type. The
main effect block was significant for nogo (F; ¢,;=21.69,
p<0.001), but not for go (p =0.664).

This result pattern indicates that high socially anxious
subjects with a propensity to learn better from negative feed-
back showed a particularly pronounced increase in accuracy
across blocks in the nogo to avoid condition. To fully char-
acterize the result pattern underlying the five-way interac-
tion, we investigated the slopes for the main effect of block
also in high socially anxious subjects with a propensity to
learn better from positive feedback as well as in low socially
anxious positive and negative learners, respectively. Figure 3
provides mean accuracy as a function of block (1-4), action
type (go/nogo) and outcome (win/avoid) according to social
anxiety (high/low) and learning propensity (positive/nega-
tive learners). For illustration purposes, slope estimates and
intercepts are provided separately in Figs. 4 and 5. For go
to win, no group showed a significant increase in accuracy

GO WIN

n.s. n.s. n.s. n.s.

e [NNNN]

NOGO WIN

12 * %k %k

% %k %k

[]

Low LSAS, positive learners

Low LSAS, negative learners

across blocks, reflecting a ceiling effect. In contrast, nogo
to avoid performance was not subject to a ceiling nor a
floor effect (see Fig. 2d: average accuracy for nogo to avoid
was approx. 40%; see also Fig. 5: intercepts were similar
across groups). Here, high socially anxious negative learn-
ers showed a particularly high learning rate (i.e., a steeper
slope), while lacking significant learning for nogo to win, as
well as for the go conditions (see Fig. 4). Importantly, this
specific pattern for high socially anxious negative learners
in the development of learning across blocks, as reflected
in the slope, was not accompanied by a specific pattern in
the intercept, which marks the starting point from which
performance increase can develop.

Discussion

The present study investigated the impact of social anxi-
ety on the Pavlovian bias in feedback-based learning, with
an additional focus on the individual propensity to learn
from positive or negative feedback. To this end, a sample of

GO AVOID
* %k
NOGO AVOID
%k k
*kk

k%

\

N\

- High LSAS, negative learners
\\\ High LSAS, positive learners

*¥** p<.001, **p>.01, * p<.05, (*) p <.10, n.s. non-significant

Fig.4 Slope estimates for the factor block as a function of action type
(go/nogo) and outcome (win/avoid) according to learning propen-
sity (positive/negative learners) and social anxiety (high/low LSAS
score). Note that during the resolution of the 5-way interaction, the

effect of the Block factor was calculated separately for each condi-
tion. The significance values reported in the Figure refer to these
analyses
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Fig.5 Intercepts for the factor block as a function of action type (go/nogo) and outcome (win/avoid) according to learning propensity (positive/

negative learners) and social anxiety (high/low LSAS score)

healthy adults who naturally varied in their levels of social
anxiety completed an orthogonalized go/nogo task that
decoupled action type (go/nogo) and outcome valence (win/
avoid) and a probabilistic selection task based upon which
the individual propensity to learn from positive and negative
feedback was determined. Self-reported social anxiety and
learning propensity were used as predictors in LME model
analysis of performance accuracy in the go/nogo task. In
line with the expectations, we found an interaction between
the Pavlovian bias on the one hand, which is reflected in the
interplay of the factors action type (go/nogo) and outcome
(win/avoid), the additional factor learning progress across
blocks, and the predictor variables social anxiety and learn-
ing propensity on the other hand. Specifically, high socially
anxious subjects with a propensity to learn better from nega-
tive feedback showed particularly pronounced learning for
nogo to avoid and lacked significant learning for nogo to
win as well as go to avoid. This result pattern indicates that
high levels of social anxiety in concert with negative learn-
ing propensity hamper the overcoming of Pavlovian bias in
a win context while facilitating response inhibition in an
avoidance context.

Previous research has confirmed a robust asymmetric
interaction of action and outcome type in feedback-based
learning: learning to execute a response to obtain a reward or

@ Springer

to inhibit a response to avoid punishment is much easier than
learning the reverse, a phenomenon referred to as “Pavlovian
bias” (Guitart-Masip et al., 2012a, 2012b, 2014a, 2014b;
Peterburs et al., 2020). This bias is supported by the present
findings. In addition, learning was overall better for go than
for nogo, which is also consistent with previous observations
(e.g., Guitart-Masip et al., 2014b; Ocklenburg et al., 2017,
Peterburs et al., 2020) and could be attributed to higher task
difficulty and/or cognitive demand in the context of response
inhibition (relative to response execution), or a general pro-
pensity to respond in experimental sessions. Also in accord-
ance with previous findings (Peterburs et al., 2020), go to
win was an easy condition to learn, as reflected in overall
high accuracy rates and a lack of significant learning pro-
gress across task blocks. This result pattern strongly suggests
a ceiling effect in go to win learning (see also Figs. 3, 4, 5).

Crucially, as expected, we found that both learning pro-
pensity and social anxiety together affected performance in
the orthogonalized go/nogo task, reflected in an interaction
between the five factors block (i.e., learning progress), action
type and outcome (reflecting Pavlovian and instrumental
conflict), learning propensity (positive/negative learn-
ers), and social anxiety. Further analysis revealed that high
socially anxious subjects with a propensity to learn better
from negative feedback showed a particularly pronounced



Psychological Research (2022) 86:110-124

121

increase in accuracy across blocks in the nogo to avoid con-
dition, as reflected in a particularly steep slope (see Fig. 3),
while at the same time no learning was seen in the other con-
ditions. High socially anxious subjects with a propensity to
learn better from negative feedback also eventually achieved
a high accuracy level for nogo to avoid, with >70% in Block
4. This is partly in line with a negative learning bias/better
avoidance learning in social anxiety (Abraham & Hermann,
2015; Voegler et al., 2019) and extends these previous find-
ings in showing particularly strong learning of response inhi-
bition to avoid negative feedback. Of note, similar accuracy
levels were achieved by low socially anxious subjects with
a propensity to learn from negative feedback. Interestingly,
high socially anxious subjects with a propensity to learn
better from negative feedback also showed a lack of sig-
nificant learning for nogo to win and also go to avoid. This
is somewhat unexpected and somewhat incompatible with
the notion of attenuated Pavlovian bias. Rather, the present
result pattern appears to suggest that high socially anxious
subjects with negative learning bias are impaired in over-
writing the Pavlovian bias in a win context. On the other
hand, acquisition of response inhibition in context of avoid-
ance is facilitated. In general, these results are consistent
with a specific information processing bias in social anxiety
that leads to increased attention to and/or memory for nega-
tive information (for an overview, see Peschard & Philippot,
2016). Positive feedback, according to SAD psychopathol-
ogy and cognitive SAD models (Clark & Wells, 1995; Rapee
& Heimberg, 1997), is rather unexpected and inconsistent
with the self-image of high socially anxious individuals
and may thus be processed less efficiently. However, this
seems to apply only when a certain degree of task difficulty
is reached and (cognitive) resources are taxed, explaining
why go to win performance in high socially anxious subjects
with negative learning propensity was comparable to that of
the other groups in the present study.

It has to be noted that the present sample was subclinical
and did not include any individuals with a clinical diag-
nosis of SAD. Nevertheless, some individuals did report
moderate to high social anxiety levels that can typically be
observed in clinical samples (LSAS scores > 60; Mennin
et al., 2002; Rytwinski et al., 2009). In contrast to previ-
ous investigations (e.g., Abraham & Hermann, 2015; Pittig,
Pawlikowski, Craske, & Alpers, 2014), the present study
was based on a rather large naturalistic sample and did not
include a comparison of extreme groups of high and low
socially anxious individuals. LME model analysis allowed
inclusion of social anxiety as a continuous predictor and
revealed that higher levels of social anxiety were associated
with generally decreased learning performance. While this
is certainly an intriguing result, it must be stressed that the
clinical implications remain rather unclear. Future studies
should specifically address the Pavlovian learning bias in

patients with SAD. The use of disorder-specific stimulus
material, such as faces or otherwise social feedback (rather
than abstract stimuli), might be particularly informative in
this regard and also increase ecological validity. And even
outside of clinical populations, the type of feedback may be
an interesting factor to manipulate in future experiments. A
recent study involving a card gambling task (Case & Olino,
2020) found that monetary and social positive and negative
feedback both led to comparable learning (i.e., decreases
in plays on disadvantageous decks across the task). Impor-
tantly, performance on the task with social feedback was
associated with fun-seeking and depressive symptoms, indi-
cating that using different types of feedback may help to
better characterize social avoidance learning.

Recent findings have linked both pronounced positive
and negative learning biases to better access to subordinate
word meanings in a lexical ambiguity priming task (Ceballos
et al., 2020). This result suggests that basal ganglia func-
tion, which is reflected in these learning biases, directly
impacts behavioral flexibility. In the context of the present
task, increased behavioral flexibility could be expected to
be linked with attenuated Pavlovian bias which would be
reflected in more efficient learning of go to avoid as well
as nogo to win. However, contrary to this notion, learning
propensity only influenced task performance as a function
of social anxiety. Of note, there was no population level bias
towards positive or negative learning in the present sample
and most subjects presented with mild to moderate biases in
either direction. This is consistent with previous findings in
healthy adults (Frank et al., 2005). There also was no cor-
relation between learning bias and social anxiety, indicating
that there is no linear relationship between the severity of
social anxiety symptoms and increased learning from nega-
tive feedback.

Interestingly, individual differences in learning from
positive and negative feedback have been linked to basal
ganglia dopaminergic function and underlying genetic dif-
ferences. Consistent with findings showing that go learn-
ing in the context of positive feedback relies particularly
on striatal dopamine D1 receptors, a polymorphism in
the DARPP-32 gene, which has been associated with D1
receptor effects in synaptic plasticity, was linked to a posi-
tive learning bias (Frank, Moustafa, Haughey, Curran, &
Hutchison, 2007). Similarly, nogo learning in the context
of negative feedback was linked to the C957T polymor-
phism of the DRD2 gene, a gene associated with striatal
D2 receptor function (Frank et al., 2007). Unfortunately,
the current study was purely behavioral and thus cannot
directly inform about gene or brain level effects. However,
based on the present results we could speculate that high
levels of social anxiety might be associated with altered
basal ganglia function in response to negative feedback
primarily affecting the nogo pathway and thus D2 receptor

@ Springer



122

Psychological Research (2022) 86:110-124

function. More research is needed to directly investigate
this notion.

It has to be noted that the present study tested a rather
homogenous sample both with regard to age and edu-
cational attainment, so findings may not generalize to a
(more diverse) community sample. Moreover, subjects
were not recruited to balance sex. Sex differences in
learning from positive and negative feedback have been
reported, with females showing better learning from posi-
tive feedback than males (Evans & Hampson, 2015), and
may thus present a possible confound in the present study.
To our knowledge, potential sex differences with regard
to learning to execute or inhibit a response to obtain a
reward or avoid punishment have not been investigated
yet. A substantial body of literature has explored sex dif-
ferences in anxiety and mood disorders. With regard to
social anxiety, women are more likely than men to have
SAD and present with more severe symptoms (e.g., Asher
& Aderka, 2018), although findings regarding functional
impairment are inconclusive (Asher, Asnaani, & Aderka,
2017). Since our sample included only 17 men, meaning-
ful subgroup analysis elucidating possible sex differences
in the impact of social anxiety and learning propensity
cannot be performed. However, this may be an interesting
avenue for further research, as might be potential effects
of acute stress, which has been shown to decrease learning
from negative (but not from positive) feedback (Petzold,
Plessow, Goschke, & Kirschbaum, 2010).

To conclude, the present study investigated the inter-
play between individual levels of social anxiety and
biases in feedback-based learning. The results confirmed
a robust Pavlovian bias: learning to execute a response
to obtain positive feedback was easier than learning to
inhibit a response to obtain positive feedback, and learn-
ing to inhibit a response to avoid negative feedback was
easier than learning to execute a response to avoid nega-
tive feedback. Importantly, as expected, this asymmetric
coupling of action and outcome valence was modulated as
a function of social anxiety and individual learning pro-
pensity. High socially anxious subjects with a propensity
to learn better from negative feedback showed particu-
larly pronounced learning for nogo to avoid and a lack
of significant learning for nogo to win as well as for go
learning. Thus, high levels of social anxiety in concert
with negative learning propensity appear to interfere with
the overcoming of Pavlovian bias in a win context while
facilitating response inhibition in an avoidance context. In
general, these findings add to a growing body of evidence
for altered outcome processing and adaptive behavior in
social anxiety. It could also be speculated that they might
yield interesting clinical implications although the present
study did not test a clinical sample. Possibly, determining
an individual’s learning propensity and taking into account
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differences in learning as a function of outcome and action
type might help to develop therapeutic interventions tar-
geting SAD.
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