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Abstract
Background Depressive symptoms are associated with negative expectations and reduced belief updating by positive infor-
mation. Cognitive immunization, the devaluation of positive information, has been argued to be central in this relationship 
and predictive processing models suggest that more positive information is associated with greater cognitive immunization.
Methods In an online experiment, N = 347 healthy participants took part in a performance task with standardized feedback 
of varying levels of positivity (mild, moderate, extreme). Effects of feedback positivity on cognitive immunization were 
investigated. Further, depressive symptoms, interpretation bias and participant’s self-evaluation were examined as potential 
correlates of belief updating.
Results As expected, participants receiving mildly positive feedback reported a greater amount of cognitive immunization 
than those receiving moderately positive feedback. However, neither group differed from those receiving extremely positive 
feedback. Although depressive symptoms did not show the hypothesized association with cognitive immunization, they were 
associated with a weaker increase in positive expectations following feedback. Exploratory analyses showed associations 
between self-evaluation and belief updating.
Conclusions The results suggest that healthy participants engaged in cognitive immunization when feedback was less positive 
than expected. Depressive symptoms were associated with reduced belief updating, but not with cognitive immunization. 
Self-evaluation may be a promising factor for future research.

Keywords Predictive processing · Interpretation bias · Depression · Belief updating

Introduction

Negative expectations of future situations are a core compo-
nent of cognitive models of depression (e.g., Beck & Haigh, 
2014). That is, these models propose that individuals with 
depression have a tendency to expect future situations to 
turn out relatively negatively compared to non-depressed 

individuals. Supporting this assumption, there is substantial 
evidence that the presence of negative expectations and a 
lack of positive expectations are strongly linked with depres-
sive symptoms and their relapse (Cane & Gotlib, 1985; 
Gopinath et al., 2007; Horwitz et al., 2017; Kube et al., 
2017; Zetsche et al., 2019). Further, negative expectancies 
appear to persist even in the face of contradictory positive 
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information (e.g., Korn et al., 2014). This persistence, in 
turn, could plausibly be an important factor underlying the 
maintenance of depressive symptoms, and as such advanc-
ing our understanding of their underlying mechanisms have 
gained increasing scientific attention (Rief & Joormann, 
2019).

Recent advances in depression theory formulation have 
adopted a predictive processing perspective, taking into 
account that people’s expectations are strongly intertwined 
with the perception of novel information (Barrett et al., 
2016; Clark et al., 2018; Kube et al., 2020). Appealing to the 
hypothesis of a “Bayesian brain” (Adams et al., 2015; Fris-
ton et al., 2014; Paulus et al., 2019), these accounts regard 
expectations as prior predictions to which newly incoming 
information is compared. In depression, these priors are pos-
tulated to be profoundly negative and to be held with cer-
tainty (e.g., I am certain that I will fail). Unexpected positive 
information, in contrast, is assigned little precision (i.e., con-
fidence), resulting in little or no updating of an expectation, 
despite the discrepancy between the prior prediction and the 
new information (i.e., the prediction error). Psychologically, 
this process has been referred to as ‘cognitive immuniza-
tion’ (Rief et al., 2015), meaning that people cognitively 
devalue disconfirming evidence and thus uphold their initial 
expectations. For example, a depressed individual having 
the expectation that they will fail at whatever they do may 
devalue unexpectedly positive feedback from a performance 
test by thinking, “This time I was good in this test, but this 
was just luck. Next time I will fail”.

Evidence for these proposals comes from several strains 
of research. For instance, it has been shown that in depres-
sion negative expectations persist despite positive feedback 
(Kube & Glombiewski, 2021; Kube et al., 2019a, 2019b), 
with congruent findings for the persistence of negativity in 
other (cognitive) constructs, such as negative interpretation 
biases (Everaert et al., 2018, 2020), pessimism (Korn et al., 
2014), or blunted emotional response to social acceptance 
(Caouette & Guyer, 2016). Further, there is emerging evi-
dence that cognitive immunization towards positive informa-
tion might play a central role in limited belief updating in 
both clinically (Kube et al., 2019a, 2019b) and non-clinically 
depressed samples (Kube et al., 2022a, 2022b).

However, other recent studies have provided a more 
mixed picture. For instance, Kube (2023) did not find a 
significant association between depressive symptoms and 
reduced belief updating in the context of positive social 
interactions. Similarly, in a non-clinical sample, Gagne et al. 
(2022) found depression to be associated only with more 
negative prior beliefs, but not with any abnormality in belief 
updating. Feldmann et al. (2022), did find depressive symp-
toms to be related to more negative belief updating than 
a statistical solution balancing negative expectations and 
the positivity level of incoming information would suggest. 

However, in contrast to the predictive processing account of 
depression (Kube et al., 2020), they found no evidence that 
higher levels of depression were associated with assigning 
inflated precision to prior predictions.

Another aspect that has recently been considered in rela-
tion to belief updating and depression is the relationship 
between the magnitude of the prediction error and updat-
ing. In particular, Kube et al. (2022a, 2022b) proposed that 
this relationship may not be linear, as assumed in traditional 
learning models (e.g., Rescorla & Wagner, 1972), but may 
involve a “tipping point”, above which the discrepancy 
between prior expectations and extremely positive feedback 
is suspiciously large (e.g., receiving the feedback, “You are 
the most intelligent person in the world”), so that the engage-
ment in cognitive immunization increases and the degree 
of expectation change decreases. To test this, Kube et al. 
(2022a, 2022b) presented healthy participants with a stand-
ardized performance test in which they had to anticipate peo-
ple’s emotions in hypothetical scenarios. Participants were 
then randomly assigned to one of three standardized feed-
back conditions saying that they were either among the best 
50% (termed mildly positive), the best 10% (termed moder-
ately positive), and the best 1% (termed extremely positive). 
In line with their hypothesis, Kube et al. (2022a, 2022b) 
found that extremely positive feedback was perceived as less 
credible than mildly and moderately positive feedback, with 
the greatest credibility being attributed to the moderately 
positive feedback. However, surprisingly, the greatest cog-
nitive immunization was reported in response to the mildly 
positive feedback. Further, feedback credibility did not fully 
translate to belief updating as there was only a significant 
difference between the mildly and the extremely positive 
feedback condition, meaning that the moderately positive 
feedback which was perceived as most credible did not lead 
to the largest belief updating. In the context of unexpectedly 
positive social feedback, however, some evidence has been 
found that moderately positive feedback leads to the greatest 
amount of belief updating, and this finding was replicated in 
another independent study (Kube, 2023).

Altogether, the extant literature has found some associa-
tions between depressive symptoms and belief updating, but 
it is unclear how robust these associations are across sam-
ples and task material. Furthermore, although there is some 
supporting evidence for cognitive immunization to be an 
important mechanism underlying the lack of belief updating 
(e.g., Kube, 2023), other research has provided inconclu-
sive findings (e.g., Kube & Glombiewski, 2021; Kube et al., 
2022a, 2022b). One way to explain these mixed findings may 
be the presence of various factors relevant to the relationship 
that have not yet been the focus of the research conducted so 
far, but which could play an important role in explaining the 
relationship between belief updating, cognitive immuniza-
tion, and depression.
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A useful starting point for investigating these is to 
examine well-established cognitive factors associated with 
depression, and that have ecological validity in terms of 
their operating properties. One factor for which research 
has delivered compelling evidence for a central role in the 
development and maintenance of depression is the tendency 
to consistently interpret ambiguity in a negative manner, 
namely a negative interpretation bias (IB; O’Connor et al., 
2021; Rude et al., 2010; for a meta-analysis, see Everaert 
et al., 2017a, 2017b). In terms of the combined cognitive 
bias hypothesis (Everaert & Koster, 2020; Everaert et al., 
2014) it has been postulated that IBs do not act in isolation, 
but lead to depression through the interplay with other cog-
nitive biases as moderators (cf. Gadassi Polack et al., 2023). 
As of yet, the focus of combined cognitive bias research 
has largely been on the association between IBs and biases 
in attention and memory, with a neglect of other biased 
cognitive processes relevant to depression, such as overtly 
negative expectations and their limited updating (Everaert 
& Koster, 2020). Investigating the association between IBs 
and belief updating is promising as a potential link between 
negative expectations, IBs, and cognitive immunization can 
be proposed based on the overlap in their definitions and 
operating properties. To illustrate, as negative expectations 
are directed towards the future, whether they will later be 
confirmed or disconfirmed is to some degree uncertain. For 
instance, taking an upcoming exam about which one has 
only limited information is at first an ambiguous situation 
that is subject to the individual’s interpretation (e.g., as an 
opportunity for failure or success). Based on this conceptu-
alization, negative expectations and IBs both involve mak-
ing inferences about uncertain information, albeit negative 
expectations are specifically future-oriented.

Further, as cognitive immunization is defined as the ten-
dency to evaluate novel incoming information in a negative 

manner to fit with the initially negative expectation, and thus 
as a form of reappraisal, an association between IBs with 
cognitive immunization appears plausible, given that IBs 
have been found to be associated with reduced positive and 
increased negative reappraisal (Blanco et al., 2021; Everaert 
et al., 2017a, 2017b, 2020). To date, the association between 
limited belief updating, cognitive immunization and IBs in 
the context of depression is unexplored. However, the inves-
tigation of this association could shed light on the question 
of how these cognitive factors in concert are associated with 
depressive symptoms and if the persistence of both IBs and 
negative expectations in this context might be attributable 
to the same underlying processes (see Fig. 1 for a graphical 
depiction).

The goal of the present study was therefore two-fold: 
First, to conceptually replicate previous findings by Kube 
et al. (2022a, 2022b) concerning the relationship between 
symptoms of depression, belief updating, and cognitive 
immunization to shed light on the robustness and replica-
bility of results. Second, to investigate the relationships 
between IBs, negative expectations, belief updating, and 
cognitive immunization. To follow these aims we applied 
the study design by Kube et al. (2022a, 2022b) and con-
ducted an online study in which we informed partici-
pants that they would solve a difficult performance task. 
Afterwards, we assessed symptoms of depression, initial 
negative expectations towards the performance task, and 
negative IBs. This was followed by a performance task 
for which it is difficult to judge the level of one’s own suc-
cess, after which participants were randomized to receive 
either mildly, moderately, or extremely positive standard-
ized feedback, independently of their actual performance. 
Subsequently, participants’ self-rated performance, the 
extent to which participants adjusted their initial expec-
tations towards the task, as well as the extent to which 

Fig. 1  Hypothetical schematic illustration of the potential relation-
ships between interpretation biases, cognitive immunization, belief 
updating, and depressive symptoms. Adapted from Kube et  al. 
(2020). Cognitive immunization is proposed to maintain depressive 
symptoms through a consistent devaluation of positive information 
that leads to dysfunctional behavior such as social withdrawal. Fur-
ther, it is proposed that cognitive immunization maintains the pres-

ence of negative expectations and the absence of positive expecta-
tions through a devaluation of disconfirmatory experiences. These 
expectations, in turn, are postulated to maintain depressive symp-
toms. Both, cognitive immunization and expectations can be seen 
as either a specific instance of negative interpretation biases or pro-
cesses that might be influenced by a general tendency to interpret 
information negatively
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participants engaged in cognitive immunization strategies 
concerning the feedback were assessed.

Based on our first aim to conceptually replicate the 
study by Kube et al. (2022a, 2022b), we hypothesized 
that participants receiving mildly positive feedback would 
report the greatest engagement in cognitive immunization 
strategies, followed by the extremely positive condition, 
and then by the moderately positive feedback condition. 
We further explored whether depressive symptoms would 
moderate this effect, namely whether depressive symptoms 
would be associated with the strength of the conditions’ 
effect. Next, we expected to find that irrespective of the 
level of depressive symptoms, participants’ performance 
expectations would become more positive in response to 
the feedback. Further, we expected to find this effect irre-
spective of the feedback condition. This hypothesis was 
formulated partly in contrast with findings in the original 
study, as the previous results (Kube et al., 2022a, 2022b) 
concerning the effects of the feedback manipulation 
on belief updating had been heterogenous and thus we 
decided to hypothesize in line with the more conservative 
prediction that there would be no relationship. Regarding 
our second aim to extend previous findings by investigat-
ing the role of IBs, we hypothesized that depressive symp-
toms would be associated with more negative expectations. 
In addition, we expected a positive association between 
these variables (depressive symptoms and negative expec-
tations) and a negative IB. Further, we expected that a 
negative IB would explain unique variance of cognitive 
immunization following feedback, after taking the differ-
ent conditions and depressive symptoms into account.

Methods

Pre‑Registration, Power Analysis, and Open Material

Prior to the start of data collection, the study was pre-
registered by uploading the study protocol to the Open 
Science Framework (OSF; https:// osf. io/ 6bx4v/) and all 
deviations from the pre-registration are labelled as such. 
Sample size was determined a-priori using G*Power (Faul 
et al., 2009) and aiming for 80% power to detect a small to 
medium effect size (f2 = 0.03) of a single regression coef-
ficient in a multiple-regression model with eight predictors 
in total at p < 0.05, resulting in a sample size of N = 264. 
To account for incomplete or odd data given the online 
setting we aimed to overrecruit ~ 30% resulting in a final 
sample size of N = 350. Anonymized data generated during 
the study and used analysis scripts are openly available on 
the OSF (https:// osf. io/ 6bx4v/).

Participants

The study was conducted as an online survey and partici-
pants were recruited via social media, the flyer walls of  the 
Faculty of Psychology at Ruhr-University Bochum and at the 
University Koblenz-Landau, and by distributing the study 
link to patient representation organizations. All participants 
with a minimum age of 18 years were eligible for participa-
tion and there were no other in- or exclusion criteria. The 
study was approved by the local ethics committee of the 
Faculty of Psychology at Ruhr-University Bochum (approval 
No. 742) and all participants provided written informed con-
sent by agreeing to an online form. As a reimbursement, 
participants could take part in a voucher lottery for a 30€ 
multi-purpose voucher. In total, N = 350 participants were 
recruited between December 2021 and June 2022. Of those, 
three participants had to be excluded as they reported being 
under 18. The final sample on which all analyses were based 
was therefore N = 347.

Materials

Performance Task with Feedback Manipulation

The Test of Emotional Intelligence (TEMINT; Schmidt-
Atzert & Bühner, 2002), which assesses participants’ abil-
ity to predict people’s emotional response to a variety of 
situations, was used as a performance task. In this task, par-
ticipants are presented with 12 different situations (e.g., a 
thirty-year-old student working in tech-support has to solve 
a computer problem in front of a costumer) and participants 
are instructed to rate the strength of certain emotions that the 
person might be experiencing. In line with previous research 
applying the TEMINT in the context of belief updating in 
depression (Kube et al., 2018, 2019a, 2019b, 2022a, 2022b) 
participants’ initial expectations of their success in the task 
were lowered, by introducing the TEMINT as a really dif-
ficult task that can only be solved by few people. Following 
the TEMINT, participants were first asked for their self-
evaluation of how well they did in the task on a 7-point 
scale ranging from 1 (very bad) to 7 (very good). After that, 
they were randomly allocated to one of three feedback con-
ditions: Mildly positive, moderately positive, or extremely 
positive feedback, receiving the information that they were 
among the 50%, 10% or 1% best participants, respectively. 
Importantly, previous research has shown that participants’ 
actual performance on the TEMINT is uncorrelated with 
their self-rated performance, indicating that participants 
are unaware of their actual task performance (Kube et al., 
2018). Furthermore, elevated levels of depression are unre-
lated to performance deficits in the TEMINT (Kube et al., 
2022a, 2022b). Allocation to the feedback conditions was 
stratified for depressive symptoms (low [QIDS <  = 5] vs. 

https://osf.io/6bx4v/
https://osf.io/6bx4v/
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middle [5 < QIDS >  = 15] vs. high [QIDS > 15] symptom 
level) and gender (female vs. non-female including male, 
non-binary and no answer). To illustrate, participants with 
a specific symptom level and gender were automatically and 
evenly distributed to the three feedback conditions, i.e., the 
first female participant with low depressive symptoms was 
allocated to the mild feedback condition, the second to the 
moderate, and the third to the extreme condition.

Questionnaires

Demographic Information

Participants were asked to indicate their age, gender, national 
identity, whether they were a native German speaker, their 
language fluency rated on a 5-point scale ranging from 1 
(very insecure) to 5 (very secure), their educational and 
occupational background, whether they were currently 
diagnosed with a mental disorder, and whether they were 
currently in psychotherapy or on psychotropic medication.

Interpretation Biases

IBs were assessed via the German translation of version A 
of the Ambiguous Scenario Task for Depressive Mood—II 
(AST; Rohrbacher & Reinecke, 2014). The AST consists 
of 15 ambiguous everyday life scenarios and participants 
are instructed to briefly imagine being in each scenario and 
then rate its pleasantness on a scale ranging from − 5 (very 
unpleasant) to 5 (very pleasant). Internal consistency in the 
present study was α [95%-CI] = 0.83 [0.80, 0.86].

Depressive Symptoms

Depressive symptoms were assessed via the German self-
report version of the Quick Inventory for Depressive Symp-
tomatology–16 (QIDS; Roniger et al., 2015; Rush et al., 
2003). The QIDS consists of 16 items assessing nine differ-
ent symptom groups relevant for depression. Each symptom 
group is assessed via one item except for sleep, appetite, and 
psychomotor agitation and restlessness which consist of two 
to four items. For each item participants are instructed to rate 
how severely they were affected by the respective symptom 
in the past week on a 4-point scale with higher scores indi-
cating more severe symptoms. The QIDS is scored by calcu-
lating a sum score across all items selecting the highest rated 
item for symptom groups assessed by more than one item. 
A QIDS score of ≤ 5 is indicative of no depression, 6–10 of 
mild, 11–15 of moderate, 16–20 of severe, and ≥ 21 of very 
severe depression (Rush et al., 2003). Internal consistency 
of the QIDS was α = 0.85 [0.83, 0.88].

Performance Expectations

The Positive Expectations Scale (PES; Kube et al., 2018) 
was used to assess participants’ expectations towards their 
performance in the performance task of the study. The PES 
consists of four items of which two assess generalized expec-
tations (Working on unknown tasks will generally be easy 
for me and Solving unknown tasks will generally be hard for 
me) and the remaining two assess task-specific expectations 
(Working on the task will be easy for me and Solving the 
task will be hard for me). In the current study the TEMINT 
was the target of the task-specific expectations., hence, the 
PES was relating to this task. Participants are instructed to 
rate each item on a 7-point scale ranging from 1 (fully disa-
gree) to 7 (fully agree). By asking participants to complete 
the PES twice, before and after a performance task (in this 
case, the TEMINT), it is therefore possible to assess poten-
tially task-induced changes in participants’ expectations 
about future performance both on the specific task (specific 
expectations) and unspecified unknown future tasks (gener-
alized expectations). After inverting negatively formulated 
items, internal consistency was: Pre-task specific α = 0.72 
[0.65, 0.77], Post-task specific α = 0.42 [0.28, 0.53]; Pre-
task generalized α = 0.74 [0.68, 0.79], Post-task generalized 
α = 0.48 [0.36, 0.58].

Cognitive Immunization

Cognitive immunization in response to performance feed-
back was assessed using the Cognitive Immunization after 
Performance Feedback Scale (CIPF; Kube et al., 2019a, 
2019b). The CIPF consists of six statements resembling 
cognitive immunization strategies such as the tendency to 
question or devalue performance-related feedback (e.g., 
the results of the test were an exception). Participants are 
instructed to rate each item on a 7-point scale ranging from 
1 (fully disagree) to 7 (fully agree). To make the score of the 
CIPF more intuitively interpretable, positively formulated 
items were inverted so higher scores on the CIPF indicate 
stronger cognitive immunization. Internal consistency was 
α = 0.69 [0.64, 0.74].

Anxiety and Stress

Symptoms of anxiety and stress in the past week were 
assessed using the anxiety and stress subscales of the Ger-
man translation of the Depression, Anxiety and Stress 
Scale–21 (DASS-21; Lovibond & Lovibond, 1995) with 
each consisting of seven statements about typical anxiety- or 
stress-related symptoms. On each item participants indicate 
how much each statement applied to them in the past week 
on a 4-point scale ranging from 0 (did not apply at all) to 3 
(applied very much or most of the time). Internal consistency 
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was α = 0.86 [0.84, 0.88] for anxiety and α = 0.89 [0.87, 
0.90] for stress.

Positive and Negative Mood

State positive and negative mood was assessed using the 
German translation of the Positive and Negative Affect 
Schedule (PANAS; Breyer & Bluemke, 2016; Watson et al., 
1988). The PANAS consists of 20 items of which ten assess 
positive and negative mood, respectively. Each item is an 
adjective describing a certain emotion and participants are 
instructed to rate how strongly they are feeling this particular 
emotion in the present moment on a 5-point scale ranging 
from 1 (not at all) to 5 (extremely). Internal consistency was 
α = 0.90 [0.89, 0.92] for positive and α = 0.92 [0.91, 0.94] 
for negative mood.

Feedback Questionnaire

At the end of the study, participants were invited to give 
feedback about the study including their guess on the pur-
pose of the study via a free-text answering option.

Procedure

After providing informed consent, participants were directed 
to the baseline questionnaires assessing demographic data 
followed by the AST, the QIDS, and the DASS-21. Next, the 
pre-task PES was applied, followed by the TEMINT after 
which participants rated how well they thought they per-
formed. Next, participants received standardized feedback 
depending on their allocated condition and then the post-task 
PES was applied together with the CIPF. Finally, partici-
pants were asked to provide feedback on the study and were 
debriefed afterwards and could leave their e-mail address to 
take part in the voucher lottery.

Statistical Approach

For the conceptual replication part of the study, the follow-
ing analyses were carried out: To investigate the effects of 
the feedback conditions on cognitive immunization, we cal-
culated a 3 × 1 (Condition: Mildly, moderately, extremely 
positive) ANCOVA controlling for depressive symptoms and 
including the interactions between Condition and depres-
sive symptoms. As found by Kube et al. (2022a, 2022b), 
we expected to find a significant main effect of Condition, 
driven by a significant difference between all three condi-
tions with the highest cognitive immunization in the mildly 
positive condition, followed by the extremely and then 
the moderate condition. We had no specific hypotheses 
regarding the interaction between Condition x depressive 

symptoms.1 Further, the effects of Condition on belief updat-
ing were analyzed via 3 × 2 (Condition: Mildly, moderately, 
extremely positive; Time: Pre-, post-feedback) linear mixed 
models with depression as a continuous predictor and a ran-
dom intercept for individual participants and including all 
two- and three-way interactions between depression, Con-
dition, and Time.2 Here, we expected to find only a signifi-
cant main effect of Time, showing an increase in positive 
expectations from pre- to post-feedback, yet irrespective of 
depression or Condition. Importantly, this analysis was run 
twice, once with generalized expectations as dependent vari-
able and once with task-specific expectations as dependent 
variable. To investigate the associations between depressive 
symptoms, baseline negative expectations, and IB, as well 
as with self-rated performance after the tasks but before the 
feedback, we calculated Spearman’s rank correlations with 
bootstrapped 95% confidence intervals to account for the 
skewed distribution of these variables. We expected to find 
that more severe symptoms of depression would be asso-
ciated with less positive general and specific expectations 
towards the performance task, as well as with a more nega-
tive IB, and a worse self-rated performance. Further, we 
expected that a more negative IB would be associated with 
less positive general and task-specific expectations, as well 
as a more negatively self-rated performance. Finally, for our 
goal to extend previous research by investigating IB’s role 
in these associations, the following analyses were run: We 
investigated the unique association between IB and cogni-
tive immunization via multiple regression with depression 
and IB as continuous predictors of cognitive immunization 
and Condition (mildly, moderately, extremely positive) as 
categorical predictors expecting that IB would be a signifi-
cant predictor, after taking depression and group allocation 
into account.

To shed further light on our pattern of results through 
exploratory analyses, we investigated the role of baseline 
expectations in the association between depression and 
belief updating. This was done using multiple regression 
with the change score of expectations from pre- to post-feed-
back as the outcome, with Condition (mildly, moderately, 

1 The inclusion of the interaction was not pre-specified in the pre-
registration as it was not included in the original study by Kube, 
Kirchner et  al. (2022a, 2022b). However, it was added based on 
reviewer feedback that the inclusion of the interaction would be nec-
essary to investigate the role of depressive symptoms in the reaction 
to different strengths of positive feedback. Due to the post-hoc nature 
of the inclusion, no hypotheses for confirmatory analyses were for-
mulated.
2 The inclusion of the interactions with depressive symptoms were 
not specified in the pre-registration due to a misreading of the origi-
nal Kube, Kirchner et  al. (2022a, 2022b) study. However, upon fur-
ther consideration interactions were included to replicate the interac-
tions described in the results of the original study.
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extremely positive), depression, and the respective baseline 
expectations as predictors. Multiple regression models were 
calculated separately for generalized and task-specific expec-
tations. In further exploratory analyses, the calculation of 
these multiple regression models was repeated, separately 
adding self-rated performance and IB to the model to exam-
ine whether these cognitive factors would explain variance 
in belief updating beyond depressive symptoms.

All analyses were run in RStudio version 2022.7.2.576 
(Posit Team, 2023) using R version 4.2.1 (R Core Team, 
2021). Spearman correlations were calculated using the 
packages ‘stats’ (R Core Team, 2021) and ‘rcompanion’ 
(Mangiafico, 2021) with 10,000 iterations for bootstrapped 
confidence intervals. ANCOVAs were calculated using the 
package ‘afex’ (Singmann et al., 2020) with Type III sums of 
squares and the package ‘emmeans’ (Lenth, 2020) for post-
hoc comparisons with Bonferroni correction. Confidence 
intervals for effect sizes were calculated using the package 
‘effectsize’ (Ben-Shachar et al., 2020). Linear mixed models 
were computed using the package ‘nlme’ (Pinheiro et al., 
2020) with maximum likelihood estimation. Effect sizes 
for linear mixed models were calculated using the package 
‘effectsize’.3 Post-hoc comparisons with Bonferroni correc-
tion and associated effect sizes were computed using the 
package ‘emmeans’ (Lenth, 2020) using the pooled SD as 
the denominator for effect sizes. Multiple regression was 
computed using the package ‘stats’ and bootstrapped con-
fidence intervals (10,000 iterations) were calculated using 
the package ‘car’ (Fox & Weisberg, 2019). All continuous 
covariates and predictors were standardized before inclu-
sion in the analysis. For linear mixed models and multiple 
regression, the between-subject factor Condition was effect 
coded with the moderately positive feedback condition as the 
reference category, thus significant effects of Condition can 
be interpreted as a significant deviation from the sample’s 
grand mean. The within-subject factor Time was dummy 
coded with pre-feedback as the reference category.

Results

Sample

Comparable to Kube et al. (2022a, 2022b), participants 
were on average 26.29 years old (SD = 8.31, range = 18–67), 
and were primarily university students 71.47% (N = 248). 
A majority of the sample, 74.64% (N = 259), identified 

themselves as female, and 90.78% (N = 315) identified 
themselves as German. On average, participants showed 
mild levels of depressive symptoms on the QIDS, M = 8.76 
(SD = 5.80, range = 0–26), with 63.98% of the participants 
(N = 222) reporting an elevated level of depressive symp-
toms (QIDS total score > 5). Comparisons of the three con-
ditions at baseline showed that participants in the extreme 
condition were slightly younger than participants in the mild 
condition, t(132) = 3.10, p = 0.007, d [95%-CI] = 0.40 [0.14, 
0.67], with no difference between the remaining conditions, 
and that participants in the extreme condition identified 
more often as non-German compared to the other condi-
tions.4 For a full sample description, see Table 1.

Cognitive Immunization

As expected, there was a significant main effect of Condi-
tion on cognitive immunization, F(2, 341) = 3.77, p = 0.024, 
ηG

2 [95%-CI] = 0.02 [0.00, 0.06]. Post-hoc pairwise com-
parisons revealed the expected significantly higher level of 
cognitive immunization in the mildly than in the moder-
ately positive feedback condition, t(232) = 2.75, p = 0.020, d 
[95%-CI] = 0.36 [0.09, 0.62]. In contrast to our hypotheses, 
however, the comparison between the mild and the extreme 
condition, t(229) = 1.54, p = 0.375, d [95%-CI] = 0.21 
[− 0.06, 0.48], as well as the comparison between the mod-
erate and the extreme condition, t(227) = 1.18, p = 0.723, d 
[95%-CI] = 0.15 [− 0.11, 0.42] were non-significant. Finally, 
there was no significant association between depression and 
cognitive immunization, as indicated by a non-significant 
main effect of depression, F(1, 343) = 1.18, p = 0.277, ηG

2 
[95%-CI] = 0.00 [0.00, 0.03], and depressive symptoms were 
not associated with different levels of cognitive immuniza-
tion in reaction to the different feedback conditions, as the 
interaction between depressive symptoms and the condition 
was non-significant, F(2, 342) = 0.01, p = 0.990, ηG

2 [95%-
CI] = 0.00 [0.00, 0.00]. For descriptive statistics, see Table 2 
and for a graphical depiction, see Fig. 2.

Generalized and Task‑Specific Expectations

Investigating generalized expectations, we found the 
expected main effect of Time, t(341) = 9.04, p < 0.001, 
d [95%-CI] = 0.49 [0.38, 0.60], indicating that partici-
pants’ general expectations became more positive from 
pre- to post-feedback. Further, Depression was signifi-
cantly and negatively associated with general expectations, 

3 Effect size calculation for linear mixed models differed from the 
pre-registration, as this caused only minor deviations from effect sizes 
obtained through the pre-specified procedure and allowed calculation 
of confidence intervals.

4 Re-running analyses with national identity and age as covariates 
did not alter the pattern of results. Thus, the pre-registered analyses 
excluding these covariates are presented throughout the Results sec-
tion.
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t(341) = 8.09, p < 0.001, d [95%-CI] = 0.44 [0.33, 0.55], indi-
cating that higher levels of Depression were associated with 
less positive expectations. However, unexpectedly, there was 
a significant and positive Depression x Time interaction, 
t(341) = 3.92, p < 0.001, d [95%-CI] = 0.21 [0.10, 0.32], indi-
cating that more severe depressive symptoms were associ-
ated with a greater increase in positive general expectations 
from pre- to post-feedback, yet with a small effect size. The 
remaining main effects and interactions were non-significant 
t(341) < 1.72, p > 0.088, d < 0.10, indicating that there were 

no effects of the experimental condition on belief updat-
ing, both as a main effect or in interaction with depressive 
symptoms.

For task-specific expectations, there was also a sig-
nificant main effect of Time, t(341) = 10.22, p < 0.001, d 
[95%-CI] = 0.55 [0.44, 0.67], indicating that participants’ 
task specific expectations became more positive from pre- 
to post-feedback. Unexpectedly, there was also a signifi-
cant main effect of the extreme Condition, t(341) = 2.14, 
p = 0.033, d [95%-CI] = 0.12 [0.01, 0.22], indicating that 

Table 1  Sample description at baseline, separately for the full sample and the three feedback conditions

QIDS Quick Inventory of Depressive Symptomatology, Self-Report, AST Ambiguous Scenarios Task, DASS Depression, Anxiety, Stress Scale-
21, PANAS Positive and Negative Affect Scale
*Statistics refer to results of a 3 × 1 (Condition: Mild, Moderate, Extreme) ANOVA

Measure, M (SD), 
range

Full sample (N = 347) Level of feedback positivity received Statistics*

Mild (N = 118) Moderate (N = 116) Extreme (N = 113)

Age 26.29 (8.31), 18–67 27.76 (10.20), 18–67 26.62 (8.25), 18–61 24.41 (5.35), 18–50 F(2, 344) = 4.96, 
p = .008

Gender (female/
male/non-binary/no 
answer)

259/82/5/1 29/88/1/0 27/86/3/0 26/85/1/1 χ2(6) = 3.74, p = .712

National Identity (Ger-
man/Non-German)

315/32 111/7 108/8 96/17 χ2(2) = 6.85, p = .033

Language fluency 4.75 (.81), 1–5 4.76 (.81), 1–5 4.74 (.80), 1–5 4.74 (.81), 1–5 F(2, 344) = .02, p = .976
QIDS 8.76 (5.80), 0–26 8.74 (5.81), 0–24 8.65 (5.80), 0–26 8.89 (5.84), 0–25 F(2, 344) = .05, p = .949
AST 15.27 (21.93), -75–75 16.92 (21.94), -56–75 16.10 (20.94), -75–58 12.68 (22.85), -75–62 F(2, 344) = 1.20, 

p = .301
DASS-anxiety 9.29 (9.08), 0–42 9.53 (9.19), 0–32 9.69 (9.03), 0–36 8.64 (9.05), 0–42 F(2, 344) = .44, p = .643
DASS-stress 14.93 (10.10), 0–42 15.44 (10.17), 0–38 15.07 (9.14), 0–42 14.27 (10.99), 0–42) F(2, 344) = .40, p = .667
PANAS-positive 26.81 (8.04), 10–48 27.60 (8.51), 10–48 26.87 (7.60), 10–43 25.91 (7.96), 10–48 F(2, 344) = 1.28, 

p = .279
PANAS-Negative 17.39 (7.89, 10–47 16.77 (6.85), 10–40 17.19 (8.05), 10–47 18.26 (8.70), 10–47 F(2, 344) = 1.08, 

p = .340
Educational back-

ground
χ2(14) = 6.80, p = .942

 Primary or no formal 
education

6 1 2 3

 Secondary education 255 88 82 85
 University degree 86 29 32 25

Occupational back-
ground

χ2(14) = 4.26, p = .994

 Pupil 4 1 1 2
 Part-time job 29 11 11 7
 Full-time job 36 13 12 11
 Vocational training 12 4 4 4
 Student (university) 248 80 84 84
 Job searching 10 5 2 3
 In pension 8 4 2 2

Current therapy (Yes/
No)

50/297 15/103 16/100 19/94 χ2(2) = .84, p = .657

Current psychoactive 
medication (Yes/No)

38/309 15/103 9/107 14/99 χ2(2) = 1.83, p = .401
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Table 2  Model derived 
descriptive statistics

EMM Estimated Marginal Mean, SE Standard Error
All values are derived from the 3 × 2 (Condition: Mildly, moderately, extremely positive; Time: Pre-, post-
feedback) linear mixed model with depressive symptoms as a continuous predictor and including all two- 
and three-way interactions between Time, Condition, and depressive symptoms

Measure, EMM (SE) Level of feedback positivity received

Mild (N = 118) Moderate (N = 116) Extreme (N = 113)

Cognitive immunization 26.90 (.59) 24.60 (.59) 25.60 (.60)
General expectations, pre-feedback 9.28 (.22) 8.87 (.22) 8.75 (.23)
General expectations, post-feedback 10.18 (.22) 10.24 (.22) 10.01 (.23)
Task-specific expectations, pre-feedback 9.22 (.22) 9.31 (.22) 8.67 (.23)
Task-specific expectations, post-feedback 10.32 (.22) 10.76 (.22) 10.99 (.23)
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Fig. 2  *p < .05. Cognitive immunization in the three feedback conditions after the standardized feedback
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expectations at pre-feedback were less positive in the 
extremely positive condition as compared to the grand 
mean. Further, there was a significant negative main effect 
of Depression, t(341) = 6.96, p < 0.001, d [95%-CI] = 0.38 
[0.27, 0.49], indicating that higher levels of depression were 
associated with less positive expectations. As with general-
ized expectations, however, a significant Depression x Time 
interaction, t(341) = 2.74, p = 0.007, d [95%-CI] = 0.15 [0.04, 
0.25], indicated that higher depression scores were surpris-
ingly associated with a greater increase in task-specific 
expectations from pre- to post-feedback. Finally, there was 
a significant negative mild Condition x Time interaction, 
t(341) = 2.33, p = 0.020, d [95%-CI] = 0.13 [0.02, 0.23], as 
well as a significant positive extreme condition x Time inter-
action, t(341) = 3.07, p = 0.002, d [95%-CI] = 0.17 [0.06, 
0.27], indicating that the increase in positive expectations 
was significantly lower than average in the mild condition, 
and significantly higher than average in the extreme condi-
tion. The remaining main effects and interactions were non-
significant, t(341) < 1.41, p > 0.160, d < 0.08, indicating that 
these interactions did not differ in dependence of depres-
sion. Further exploratory analyses on the mediating role of 
cognitive immunization on belief updating can be found in 
the Supplements, suggesting that cognitive immunization 
did not mediate the effects of Condition on belief updating.

Correlational Results

As expected, symptoms of depression were moderately and 
negatively associated with positive task-specific and gen-
eralized expectations, strongly and negatively with a posi-
tive IB, and weakly and negatively with positive self-rated 
performance after the task. Congruently, a more positive IB 
was moderately and positively associated with general and 
task-specific expectations, as well as with a more positive 
self-rated performance. For details, see Table 3.

Interpretation Bias and Cognitive Immunization

Contrary to our expectations, we found no significant 
association between IB and cognitive immunization after 

taking Condition and Depression into account, β [95%-
CI] =  − 0.11 [− 0.24, 0.05], p = 0.078, t(342) = 1.77. The 
remaining results resembled the results without including 
IB as a predictor, thus there was no significant main effect of 
Depression, β [95%-CI] =  − 0.11 [− 0.22, 0.00], p = 0.073, 
t(342) = 1.80, yet a significant main effect of the mild feed-
back condition which showed a significantly higher level 
of cognitive immunization compared to the grand mean, 
β [95%-CI] = 0.19 [0.05, 0.34], p = 0.010, t(342) = 2.59, 
while the extremely positive feedback condition did not 
differ from the grand mean, β [95%-CI] =  − 0.03 [− 0.18, 
0.12], p = 0.723, t(342) = 0.35. Although the full model was 
statistically significant, F(4, 342) = 2.98, p = 0.019, it only 
accounted for R2

adjusted = 2.24% of the total variance in cog-
nitive immunization (Table 4).

Exploratory Analyses

Baseline Expectations, Depressive Symptoms and Belief 
Updating

Due to the finding that depressive symptoms were associated 
with less positive expectations, we ran exploratory analyses 
to investigate the association between depression and belief 
updating when controlling for baseline expectations; poten-
tially our finding that higher levels of depressive symptoms 
were associated with greater increases in positive expectan-
cies could be a result of more depressed participants hav-
ing lower expectancies to start with, and hence more scope 
for an increase. For generalized belief updating, we found 
that baseline generalized expectations were a significant 
negative predictor of the generalized expectation change 
score, β [95%-CI] = − 0.60 [− 0.71, − 0.50], p < 0.001, 
t(342) = 12.79, indicating that more positive baseline expec-
tations were associated with a smaller increase in positive 
generalized expectations. However, neither depressive 
symptoms nor group allocation were significant predictors, 
|β|< 0.04, p > 0.524.

For task-specific expectations, baseline expectations were 
a significant negative predictor of the change score, β [95%-
CI] = − 0.70 [− 0.79, − 0.61], p < 0.001, t(342) = 16.60, 

Table 3  Zero order correlation between variables before feedback

QIDS Quick Inventory of Depressive Symptomatology, Self-Report. AST Ambiguous Scenarios Task
All correlations are significant at p < .001. Spearman’s rank correlations with bootstrapped 95%-CIs are reported

Measure M (SD), range 1 2 3 4

1. QIDS 8.76 (5.80), 0–26 – – – –
2. AST 15.27 (21.93), − 75–75 − .43 [− .52, − .33] – – –
3. Positive generalized expectations 8.97 (2.71), 2–14 − .36 [− .45, − .26] .32 [.21, .41] – –
4. Positive task-specific expectations 9.07 (2.70), 2–14 − .31 [− .41, − .22] .36 [.25, .45] .72 [.65, .78] –
5. Performance self-evaluation 4.63 (1.22), 1–7 − .20 [− .31, − .09] .25 [.15, .36] .32 [.22, .42] .35 [.24, .45]
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indicating that more positive task specific expectations at 
baseline were associated with a smaller increase in posi-
tive expectations. Further, depressive symptoms were a 
significant negative predictor of the change score, β [95%-
CI] = − 0.09 [− 0.18, 0.00], p = 0.035, t(342) = 2.12, show-
ing that more severe depressive symptoms were associated 
with a smaller increase in positive expectations after taking 
baseline expectations into account. Finally, the expectation 
change score in the mildly positive feedback condition was 
smaller compared to the grand mean, β [95%-CI] = − 0.13 
[−  0.25, −  0.03], p = 0.016, t(342) = 2.42, while the 
extremely positive condition showed a larger change score 
compared to the grand mean, β [95%-CI] = 0.13 [0.02, 0.24], 
p = 0.022, t(342) = 2.31.

Cognitive Factors Involved in Belief Updating

To shed further light on cognitive factors potentially asso-
ciated with limited belief updating, we repeated the main 
analyses for the association between depression and belief 
updating, with participants’ self-rated performance and IB 
as additional predictors of belief updating after accounting 
for depressive symptoms. Due to the significant correlations 
between both IB and self-rated performance with baseline 
expectations, we investigated IB and self-rated performance 
as predictors of expectation change, controlling for baseline 
expectations.

Self‑Rated Performance

For generalized expectations, self-rated performance was a 
significant predictor of belief updating, β [95%-CI] = 0.14 
[0.03, 0.24], p = 0.003, t(341) = 3.00, indicating that a 
more positive self-rated performance was associated with a 
greater increase in positive expectations. Further, baseline 
expectations were a significant negative predictor of belief 
updating β [95%-CI] = − 0.64 [− 0.75, -− 0.53], p < 0.001, 
t(342) = 13.28, indicating that more positive baseline expec-
tations were associated with a smaller increase in positive 
expectations from pre- to post feedback. However, nei-
ther depressive symptoms, β [95%-CI] = − 0.01 [− 0.11, 
0.10], p = 0.906, t(342) = 0.12, nor the allocated Condition, 
|β|< 0.05, p > 0.477, were significant predictors of belief 
updating.

For task-specific expectations, results partly mirrored 
those for generalized expectations, such that baseline expec-
tations were also a significant negative predictor of belief 
updating, β [95%-CI] = − 0.77 [− 0.86, − 0.68], p < 0.001, 
t(342) = 18.69, and more positive self-rated performance was 
associated with a greater increase in positive expectations, β 
[95%-CI] = 0.26 [0.17, 0.34], p < 0.001, t(342) = 6.51, while 
depressive symptoms were no significant predictor of belief 
updating, β [95%-CI] = − 0.05 [− 0.13, 0.04], p = 0.238, 
t(342) = 1.18. However, in contrast to the results for gen-
eralized belief updating, Condition was a significant pre-
dictor, as such that the mildly positive condition showed 

Table 4  Exploratory regression 
models predicting expectation 
change

QIDS Quick Inventory of Depressive Symptomatology. AST Ambiguous Scenarios Task
95%-CIs are bootstrapped. Baseline expectations refer to generalized and specific baseline expectations in 
the respectivemodel

Predictor Change in generalized expectations Change in specific expectations

β [95%-CI] t p β [95%-CI] t p

Model 1
 Baseline expectations − .60 [− .71, − .50] 12.79  < .001 − .70 [− .79, − .61] 16.60 < .001
 QIDS − .03 [− .12, .07] .57 .569 − .09 [− .18, .00] 2.12 .035
 Moderate condition .09 [− .11, .30] .88 .381 .14 [− .05, 3.31] 1.45 .145
 Extreme condition .02 [− .18, .23] .23 .821 .26 [.07, .45] 2.73 .007

Model 2
 Baseline expectations − .64 [− .75, − .53] 13.28  < .001 − .77 [− .85, − .67] 18.69  < .001
 QIDS − .01 [− .11, .10] .12 .906 − .05 [− .13, .04] 1.18 .238
 Performance Self-Evaluation .14 [.03, .24] 3.00 .003 .26 [.17, .35] 6.51  < .001
 Moderate condition .10 [− .09, .30] .98 .330 .17 [− .01, .36] 1.87 .063
 Extreme condition .03 [− .18, .23] .26 .798 .27 [.09, .45] 2.92 .004

Model 3
 Baseline expectations − .61 [− .72, − .51] 12.65  < .001 − .69 [− .78, − .59] 16.00  < .001
 QIDS .02 [− .11, .13] .33 .743 − .05 [− .14, .05] 1.01 .315
 AST − .02 [.13, .09] .39 .696 − .11 [− .20, − .02] 2.35 .020
 Moderate condition .09 [− .11, .30] .88 .380 .14 [− .06, .32] 1.42 .155
 Extreme condition .03 [− .17, .24] .25 .803 .26 [.06, .45] 2.66 .008
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a significantly smaller increase in positive expectations 
compared to the grand mean, β [95%-CI] = − 0.14 [− 0.25, 
− 0.04], p = 0.006, t(342) = 2.78, while the extremely posi-
tive condition showed a significantly greater increase in pos-
itive expectations, β [95%-CI] = 0.12 [0.02, 0.22], p = 0.023, 
t(342) = 2.29.

Interpretation Bias

IB was neither a predictor of generalized belief updating, 
β [95%-CI] = 0.02 [− 0.10, 0.13], p = 0.743, t(341) = 0.33, 
nor of task-specific updating, β [95%-CI] = − 0.05 [− 0.14, 
0.05], p = 0.315, t(341) = 1.01. This illustrates, that for both 
generalized and task-specific expectations, including IB as 
an additional predictor together with depressive symptoms 
and baseline expectations did not change the pattern of 
results obtained through the model without IB.

Discussion

The main aims of the present study were (a) to conceptually 
replicate previous findings by Kube et al. (2022a, 2022b) 
on the relationship between symptoms of depression, belief 
updating, and cognitive immunization, as well as the effects 
of different levels of positive feedback on these variables, 
and (b) to investigate the relationships between IBs, negative 
expectations, belief updating, and cognitive immunization.

Regarding our first aim, our results were only partly 
in line with those of Kube et al. (2022a, 2022b). Specifi-
cally, we found that the mildly positive feedback condition 
reported the highest level of cognitive immunization, in 
accordance with the original study. However, the remaining 
results did not fully mirror those of the original study as 
there were no further significant group differences in cogni-
tive immunization, and there was no association between 
cognitive immunization and depression, irrespective of 
the strength of positive feedback. Further, similar to Kube 
et al. (2022a, 2022b), we found that all participants updated 
their general and task-specific expectations after feedback, 
irrespective of condition. However, unexpectedly, and in 
contrast to the original study, we found that more severe 
depressive symptoms were associated with a greater increase 
in positive expectations. Due to the unexpected nature of 
this result, we followed it up in exploratory analyses. We 
found that depression was associated with reduced task-
specific belief updating when baseline expectations were 
taken into account, in line with previous studies (Kube & 
Glombiewski, 2021; Kube et al., 2019a, 2019b). For gen-
eralized expectations, too, the surprising positive associa-
tion between expectation update and depression severity 
diminished when controlling for the effects of baseline 

expectations; instead, depression was unrelated to change 
in generalized expectations in this analysis.

For our second aim, we found the expected associations, 
meaning that depressive symptoms were associated with a 
more negative IB, and both were associated with less posi-
tive performance expectations, and a less positive perfor-
mance self-evaluation. However, there was no association 
between IB and cognitive immunization. In exploratory anal-
yses, we found that the performance self-evaluation was a 
significant predictor of belief updating, and notably, depres-
sion no longer predicted reduced belief updating when the 
performance self-evaluation was taken into account. Finally, 
IB was no significant predictor of belief updating.

Put into context, our findings suggest that, irrespective 
of depressive symptoms, mildly positive feedback leads to a 
greater amount of cognitive immunization than moderately 
or extremely positive feedback in a non-clinical sample. This 
finding is a replication of the results by Kube et al. (2022a, 
2022b) and provides some additional evidence regarding the 
potential robustness of the effect. While we descriptively 
found that the least amount of cognitive immunization could 
be found in the moderate condition, the comparison between 
the moderate and the extreme condition were non-signifi-
cant. One interpretation of these results, also proposed by 
Kube et al. (2022a, 2022b), is that participants generally 
expected to have performed better than the average partici-
pant and thus evaluated the feedback that they were better 
than 50% of the participants as invalid. Consequently, the 
cognitive immunization in the mildly positive condition 
might represent an immunization against unexpectedly nega-
tive feedback instead of positive feedback as in the other two 
conditions. This is in line with previous research suggesting 
that healthy participants and participants across a spectrum 
of depressive symptoms show a positivity bias (Moore & 
Fresco, 2012), as well as with our finding that participants 
in our sample rated their performance on average above 
the midpoint of the scale. Another reason for the consist-
ent finding that the mildly positive feedback condition leads 
to the highest cognitive immunization could be associated 
with the precision of that information which is argued to be 
central in models of predictive processing. While the mildly 
positive feedback condition informs participants that they 
are within an interval with 50% of other participants, the 
other conditions give substantially more precise information, 
namely that participants are within a 10% or a 1% interval. 
The feedback in the mildly positive condition might con-
sequently appear as the most arbitrary leading to cognitive 
immunization in form of a devaluation of the task’s valid-
ity. Future research applying this paradigm could therefore 
include a more exact description of participants’ reached 
performance including the upper bound of the interval to 
control for objective feedback precision.
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Further, in contrast to the original findings by Kube et al. 
(2022a, 2022b) and a recent study testing the effects of dif-
ferent levels of feedback positivity following a social situa-
tion (Kube, 2023), our findings suggest that cognitive immu-
nization is not associated with depressive symptoms. These 
diverging findings may be, however, attributable to a non-
robust association in this particular paradigm. To illustrate, 
the original study using the same paradigm (Kube et al., 
2022a, 2022b) reported an effect size within the limits of 
our effect size confidence interval (ηp

2 = 0.014, in compari-
son to our 95%-CI [0.00, 0.03]) and is therefore compara-
ble to our finding, while another paradigm applied by Kube 
et al. (2022a, 2022b; Study 2) led to a considerably larger 
effect size for cognitive immunization and depressive symp-
toms that could be replicated (Kube, 2023). Consequently, 
whether cognitive immunization towards positive feedback 
is associated with depressive symptoms remains a matter of 
debate that is replicable for social- but not for performance 
situations. Importantly, our finding that the level of feed-
back positivity does not moderate the relationship between 
depressive symptoms and cognitive immunization is in line 
with findings by Kube (2023). Taking together these results 
on cognitive immunization, it can be concluded that depres-
sive symptoms may be associated with cognitive immuniza-
tion, yet the discrepancy between the feedback positivity and 
the initial expectation, suggested by predictive processing 
models, may not be the driving factor.

For the update of generalized and task-specific perfor-
mance expectations, we replicated that participants’ perfor-
mance expectations became more positive after feedback. 
We further replicated the finding that there were no group 
differences in the increase of generalized positive expecta-
tions based on the level of feedback positivity. In contrast to 
our own hypotheses, yet in line with findings by Kube et al. 
(2022a, 2022b), we found that for task-specific expectations 
the mild feedback condition led to the lowest increase in 
positive expectations while the extreme condition led to the 
greatest increase. These findings are in contrast with the 
assumption of a tipping point at which the prediction error 
is large enough to change prior expectations, yet not too 
large to be credible, put forward by predictive processing 
models of depression (Kube et al., 2020). Instead, our find-
ings are rather in line with the Rescorla-Wagner learning 
model, suggesting that more positive feedback would lead to 
a greater updating of prior expectations (Rescorla & Wagner, 
1972). Comparable to our discussion of the effects of the 
feedback manipulation on cognitive immunization, a central 
factor in these results might be methodological considera-
tions. To illustrate, comparing the design of those studies 
that did not find the tipping point of feedback positivity (the 
present study and the original study by Kube et al., 2022a, 
2022b) to those that did find evidence for it (Kube, 2023; 
Kube et al., 2022a, 2022b study 2), one central difference is 

the paradigm with which expectation violation was inves-
tigated. While the application of the TEMINT paradigm 
did not produce a tipping point, differing levels of feedback 
positivity regarding a social situation did. One reason for 
that finding might be that for the TEMINT it is particularly 
difficult to estimate one’s performance (e.g., Kube et al., 
2018), and thus participants might put more trust in exter-
nal feedback and consequently not estimate their own prior 
expectations to be particularly precise. On the other hand, 
people are familiar with social situations and might be more 
experienced in forming expectations about their successful 
application of social skills. Consequently, they might form 
their post-feedback expectations more strongly through a 
comparison of the feedback to their own expectations. One 
option to investigate this assumption in future research might 
be to include an assessment in participants’ confidence in 
their own expectations. Another possible reason for the dis-
crepancy between the findings obtained through the TEM-
INT and the social situation is that the different levels of 
feedback positivity in the social situation were intuitively 
described (i.e., the social situation was increasingly pleas-
ant) while the percent ranks provided in the TEMINT were 
to an extent arbitrary (for different percent rank choices with 
a comparable goal, see Zell & Lesick, 2021). Consequently, 
the application of a social situation and the non-reliance on 
percent ranks as a manipulation of feedback positivity may 
present a more valid option for the investigation of belief 
updating. This potential superiority of a social situation to 
the TEMINT is further supported by our findings on the 
internal consistency of the outcome scale. Our study found 
a considerable drop in internal consistency from pre- to 
post-feedback on the PES which limits the validity of the 
findings. One interpretation might be that participants were 
unconfident in the conclusions they should draw based on 
the performance feedback they just received and thus did not 
provide coherent answers on the post-training PES. Relying 
on feedback regarding a social situation instead on the TEM-
INT including the accompanying performance questionnaire 
(Kube, 2023; Kube et al., 2022a, 2022b study 2) might pro-
vide a more reliable outcome measure.

Taking the role of depressive symptoms in belief updating 
into account, the pattern of results becomes more nuanced. 
Our initial results surprisingly indicated that more severe 
symptoms were associated with greater belief updating. 
However, our exploratory analyses suggested that this find-
ing was likely attributable to regression to the mean and 
depressive symptoms being associated with less positive 
baseline expectations, leaving more room for an increase in 
positive expectations. Specifically, results of our explora-
tory analyses of task-specific belief updating controlling 
for baseline expectations showed that depressive symptoms 
were associated with thwarted belief updating. Generally 
in line with predictive processing models of depression 
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(Kube et al., 2020), and previous empirical findings (e.g., 
Kube et al., 2022a, 2022b), this underlines that depressive 
symptoms are associated with reduced belief updating in 
light of positive feedback, proposing it as a potential factor 
associated with depression maintenance. However, results of 
our further exploratory analyses suggested that participants’ 
self-evaluation might be a potentially central cognitive fac-
tor here, as we found that a more positive self-evaluation 
of participants’ performance predicted greater belief updat-
ing, and when taking this into account, depressive symp-
toms were no longer a significant predictor. The exploratory 
nature of these findings warrants cautious interpretation, yet 
given replication in further studies, it might propose partici-
pants’ self-evaluation as a potential cognitive factor explain-
ing the lack of belief updating in depression. Consequently, 
self-evaluation may be a critical target for interventions to 
improve the ability to update expectations in a positive man-
ner, and ultimately affect depressive symptoms. This would 
be in line with results from studies investigating the role of 
self-esteem in depression, showing an important association 
between low self-esteem and depressive symptoms (Phillips 
& Hine, 2013; Phillips et al., 2012; Porter et al., 2019), self-
esteem being associated with more frequent sudden gains 
during treatment (Kelly et al., 2007), and self-esteem change 
during treatment being a potentially central mechanism in 
symptom improvement (Dinger et al., 2017). Our explora-
tory findings might therefore carefully suggest that future 
research testing whether an improvement in self-esteem is 
associated with an improvement in depressive symptoms 
through increasing participants’ susceptibility to positive 
feedback is promising.

Moving the focus to our investigation of the role of 
IBs in positive expectations, their updating, and cogni-
tive immunization, correlational evidence suggested that 
positive expectations and a more positive IB are associated 
with each other, yet amplitudes of these correlations sug-
gested relatively distinct cognitive constructs. This find-
ing could be attributable to the instructions participants 
received regarding the performance task, as the informa-
tion that the task is very difficult might have rendered the 
expectations regarding the task to rather resemble opti-
mism in light of negative information instead of interpreta-
tion of ambiguity, while the former has been found to be 
associated with cognitive immunization (Supplementary 
Material of Kube et al., 2022a, 2022b). Further, IB was 
not associated with cognitive immunization, contrasting 
earlier studies that found a small, yet significant associa-
tion between IBs and the application of reappraisal strate-
gies in the context of depressive symptoms (For positive 
reappraisal, see Blanco et al., 2021; Everaert et al., 2017a, 
2017b; For negative reappraisal, see Everaert et al., 2020). 
An important difference between this study and earlier 
studies concerns the match between IB and the object of 

reappraisal. Namely, other studies found a significant asso-
ciation between a general IB, resembling the interpreta-
tion of broad range of situations or stimuli, and general 
reappraisal, for example, the dampening of positivity in 
general. Our finding might therefore be attributable to 
a mismatch between our broad conceptualization of IB 
through the AST on the one hand, assessing the interpreta-
tion of various everyday situations, and the narrow con-
ceptualization of cognitive immunization on the other, that 
was conceptualized as the negative reappraisal of the posi-
tive performance feedback. Future studies investigating 
the association between IB and cognitive immunization 
might therefore aim for a comparable object of interpreta-
tion and for cognitive immunization, i.e., by using a social 
performance task as Kube et al. (2022a, 2022b) due to the 
AST’s focus on ambiguous social situations.

Limitations

Results of this study need to be interpreted in light of some 
limitations. First, the inclusion of different levels of feedback 
as a between-group factor does not allow the investigation 
of the unmanipulated association between IB and cognitive 
immunization. The division of our sample into three groups, 
which might have slightly different association between the 
two variables, may have therefore canceled out a potential 
association or may have limited power to the point where 
this association became non-significant. In particular, the 
mild feedback condition poses an important limitation here, 
as our results suggest that participants interpreted this feed-
back rather as slightly negative than as slightly positive. 
Consequently, this condition only allowed the investigation 
of cognitive immunization and belief updating in light of 
slightly negative feedback. Another limitation that has been 
discussed throughout the manuscript concerns the internal 
consistency of the positive expectation assessment at post-
feedback. While the scales showed sufficient internal con-
sistency in previous studies (e.g., Kube et al., 2022a, 2022b) 
we found only an inacceptable level of internal consistency 
which in turn limits the generalizability of our findings. This 
limitation becomes more apparent considering that there is 
currently no research on the retest-reliability of the scale, 
raising the question whether the repeated application of the 
PES is valid in the experimental context. Further, while our 
sample on average showed above-cut-off levels of depres-
sion, the sample must still be considered non-clinical and 
thus our findings are potentially not generalizable to patient 
populations with higher levels of depressive symptoms. 
Finally, our sample consisted to the greatest extent of female, 
German students. Our results are therefore not necessarily 
generalizable to a more diverse sample.
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Conclusion

The present study had the aim to replicate previous findings 
on the association between depressive symptoms, cognitive 
immunization, and belief updating. Further, the aim was to 
shed light on the role of IBs in these associations. Our results 
suggest that independently of depression, participants engage 
in the greatest amount of cognitive immunization when pre-
sented with feedback that suggests that they performed as well 
as the average participant. Taking our finding into account that 
participants rated their own performance on average above the 
mid-point of the assessment scale, this might suggest that the 
feedback being average conflicted with a more positive self-
evaluation and thus led to cognitive immunization. Further, 
depressive symptoms were associated with thwarted updating 
of positive, task-specific expectations. However, as this asso-
ciation disappeared after taking participants’ self-evaluation 
into account, and our exploratory results propose participants’ 
self-evaluation as a potentially important factor in targeting 
thwarted belief updating, and ultimately depression. Finally, 
IB was moderately associated with positive expectations, sug-
gesting different cognitive constructs, while the remaining 
results did not suggest a central role of IB in belief updating 
or cognitive immunization. Due to the mixed nature of the 
results of the present study, future studies should optimize the 
TEMINT framework for the investigation of belief updating 
or adopt a social scenario framework that may produce more 
valid and reliable findings.
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