
Journal Pre-proof

Adaptive suppression of motivational biases increases with mood/anxiety traits

Vanessa Scholz, Johannes Algermissen, Mojtaba Rostami Kandroodi, Claire Gillan,
Hanneke Eveline Maria den Ouden

PII: S2451-9022(26)00175-8

DOI: https://doi.org/10.1016/j.bpsc.2026.06.001

Reference: BPSC 1627

To appear in: Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging

Received Date: 23 May 2025

Revised Date: 1 June 2026

Accepted Date: 5 June 2026

Please cite this article as: Scholz V., Algermissen J., Kandroodi M.R., Gillan C. & Maria den Ouden H.E.,
Adaptive suppression of motivational biases increases with mood/anxiety traits, Biological Psychiatry:
Cognitive Neuroscience and Neuroimaging (2026), doi: https://doi.org/10.1016/j.bpsc.2026.06.001.

This is a PDF of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability. This version will undergo additional
copyediting, typesetting and review before it is published in its final form. As such, this version is no
longer the Accepted Manuscript, but it is not yet the definitive Version of Record; we are providing
this early version to give early visibility of the article. Please note that Elsevier’s sharing policy for the
Published Journal Article applies to this version, see: https://www.elsevier.com/about/policies-and-
standards/sharing#4-published-journal-article. Please also note that, during the production process,
errors may be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

© 2026 Published by Elsevier Inc on behalf of Society of Biological Psychiatry.

https://doi.org/10.1016/j.bpsc.2026.06.001
https://doi.org/10.1016/j.bpsc.2026.06.001
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article


Adaptive suppression of motivational biases increases with mood/anxiety 

1 

Adaptive suppression of motivational biases increases with mood/anxiety traits  1 

 2 
Vanessa Scholz1,2, Johannes Algermissen1,3, Mojtaba Rostami Kandroodi1,4, Claire Gillan 5,6,7, Hanneke 3 

Eveline Maria den Ouden1 4 
 5 

1Donders Institute for Brain, Cognition and Behaviour, Radboud University, Nijmegen, The 6 
Netherlands 7 

2 Department of Child and Adolescent Psychiatry, Psychosomatics and Psychotherapy, Centre of 8 
Mental Health, University of Würzburg, Germany 9 

3 Department of Experimental Psychology, University of Oxford, UK 10 

4 Department of Cognitive Science and Artificial Intelligence, Tilburg University, Tilburg, The 11 
Netherlands 12 

5 School of Psychology, Trinity College Dublin, Dublin, Ireland 13 

6 Trinity College Institute for Neuroscience, Trinity College Dublin, Dublin, Ireland 14 

7 FutureNeuro SFI Research Centre, Trinity College Dublin, Dublin, Ireland 15 

 16 
Corresponding authors:  17 
 18 
Hanneke den Ouden  19 
Thomas van Aquinostraat 4,  20 
6525 GD Nijmegen, the Netherlands 21 
hanneke.denouden@donders.ru.nl  22 
 23 
Vanessa Scholz 24 
Magarete Hoeppel Platz 1 25 
97080 Wuerzburg, Germany 26 
scholz_v@ukw.de 27 
 28 
Running title: Increased bias suppression in mood-anxiety symptoms 29 

 30 

Keywords: motivational bias, decision-making, depression and anxiety, compulsivity, computational 31 
psychiatry 32 
 33 
Words: 4502 34 
Figures: 4 35 
Tables: 1 36 
  37 

Jo
urn

al 
Pre-

pro
of

mailto:hanneke.denouden@donders.ru.nl
mailto:Scholz_v@ukw.de


Adaptive suppression of motivational biases increases with mood/anxiety 

2 

Abstract 38 

Background: Changes in motivational biases appear central to many psychiatric disorders including 39 
depression, anxiety, and substance abuse. Motivational biases, theorized to embody default response 40 
strategies helpful in uncertain or novel situations, invigorate responding when promised rewards and 41 
hold us back facing punishment. However, it remains unclear how specific changes in biases are to 42 
certain disorders. Here, we relate motivational biases to continuous, dimensional measures of 43 
psychiatric symptoms focusing on depression and anxiety (AD) and compulsions and intrusive thoughts 44 
(CIT). 45 

Methods: We recruited 500 participants online from the general population, who performed a 46 
motivational Go/NoGo task, a global measure of cognitive ability (I-CAR), and clinical questionnaires. 47 
We used factor analysis, mixed-effects models and computational modelling to link transdiagnostic 48 
symptom dimensions to motivational biases. 49 

Results: Higher AD symptoms predicted better performance on trials where action requirements are 50 
not aligned with motivational biases, requiring their suppression. In contrast, higher CIT scores were 51 
associated with overall worse performance, likely reflecting a more general performance deficit. 52 
Higher AD symptoms were linked to a more frequent expression of a novel computational model 53 
capturing the trial-by-trial up-and-downregulation of the impact of motivational biases. The opposite 54 
was found for the CIT dimension. 55 

Discussion: The dissociable patterns for AD and CIT suggest dimension-specific alterations in 56 
motivational bias rather than reflecting a generalized psychopathology factor. We speculate that AD 57 
individuals, when required to exert effort, might recruit excessive cognitive effort for suppressing 58 
motivational biases. This more ‘controlled’ mode of decision-making might improve performance, yet 59 
also exhaust participants and contribute to symptoms.  60 
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Introduction 61 

Decision-making involves learning which actions lead to desired outcomes and which ones help to 62 
avoid harmful events. However, in addition to such adaptively learnt responses, cues or contexts 63 
signaling the valence of prospective outcomes also shape responding in a Pavlovian manner (1–4). 64 
Pavlovian action biases, e.g. invigoration in a rewarding context and inhibition in a punishment context, 65 
have been proposed to provide sensible ‘default’ actions that are helpful for example in novel 66 
environments, or when speed is of the essence (5). Behaviour is regulated by an intricate interplay of 67 
these Pavlovian and instrumental controllers (5). Most of the time, these controllers concur, so that 68 
their interaction is cooperative (3,6). For example, a goal-directed approach to obtain a reward is 69 
enhanced by Pavlovian invigoration elicited by the reward cue (7,8). However, sometimes, Pavlovian 70 
response tendencies are at odds with optimal, learnt responses, leading to interference with 71 
instrumental control (9,10). Such Pavlovian interference can lead to detrimental consequences and 72 
has recently been implicated in the aetiology and prognosis of several psychiatric disorders including 73 
addiction, depression and personality disorders (11–15). 74 

Many psychiatric disorders are characterized by rigid, stimulus-driven behaviours that individuals fail 75 
to exert control over. Examples include drug craving in addiction and substance abuse, repetitive 76 
behaviours in obsessive-compulsive disorders, or reflexive avoidance behaviour in anxiety and 77 
depression. These behaviours can be interpreted as instances of altered motivational biases, and 78 
various branches of human and animal research have proposed phenomena akin to motivational 79 
biases to lie at the roots of these psychiatric disorders. For example, the phenomenon of sign-tracking 80 
in which animals approach reward-predictive cues rather than rewards themselves, might reflect 81 
aberrantly strong appetitive biases (16,17). It has been linked to alcohol and drug addiction in both 82 
animals (18–20) and humans (11,21,22). Conversely, individuals with anhedonia lack the automatic 83 
attraction by such appetitive cues (23,24). Indeed, past research has shown lower motivational biases 84 
in depression (25,26), with relatively conserved biases predicting eventual remission (26). In the 85 
aversive domain, stronger inhibition induced by aversive cues has been observed in social anxiety 86 
(27,28) and depression (29), suggesting that motivational biases might underlie freezing and 87 
withdrawal behaviour in these disorders (30,31). Conversely, pathologically strong invigoration of 88 
behaviour by aversive cues has been observed in PTSD (32) and suicidal ideation (33). In sum, various 89 
psychiatric disorders show altered stimulus-driven behaviour as reflected in motivational biases. As 90 
such, these biases may constitute a valuable neurocognitive test bed to better understand these 91 
disorders. 92 

In order to suppress motivational biases in situations in which they are maladaptive, individuals need 93 
to recruit cognitive control (2,34,35), a process considered to be effortful. In choices between different 94 
levels of effort, depressed individuals typically avoid more effortful options (23,30,36–38). Still, when 95 
actually obliged to perform cognitively demanding tasks, depressed individuals paradoxically invest 96 
more effort and use slower, more deliberate and effortful strategies compared to healthy controls (39–97 
42). This overexertion may help explain why they tend to avoid such tasks, as they might realistically 98 
anticipate them to be particularly strenuous given their tendency to overinvest cognitive effort. 99 
However, it remains unclear why they adopt these effort-intensive strategies in the first place. Hence, 100 
apart from alterations in motivational biases themselves, psychiatric patients might also differ in the 101 
amount of control they exert to suppress these biases.  102 

Given that motivational biases are prominent in various psychiatric disorders, the question arises 103 
whether these psychiatric disorders share a common underlying trait that is specifically associated with 104 
altered motivational bias, or whether they arise under high levels of psychopathology more generally. 105 
In other words, patients suffering from mental health problems might show unspecific increased 106 
reliance on low-resource-intensive default behavioural strategies and failure to override such default 107 
strategies when necessary (43). Alternatively, what initially appears as a lack of disease specificity 108 
might in fact arise from the presence of distinct clusters of symptoms in multiple psychiatric disorders 109 
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(44–46). Rather than making categorical distinctions between psychiatric disorders as currently 110 
defined by diagnostic systems such as DSM-5 (47) or ICD-10 (48), changes in motivational biases may 111 
perhaps be better conceptualized as relating to a distinct (group of) symptoms that is common to 112 
several disorders, such as apathy or compulsivity.  113 

In this study, we investigated the link between the ability to adaptively control motivational biases and 114 
previously defined transdiagnostic psychiatric symptom dimensions capturing mood/anxiety 115 
symptoms and impulsive/compulsive symptoms. For this purpose, we recruited a large online sample 116 
that completed a previously used questionnaire battery (49). In addition, they completed a well-117 
established probabilistic Motivational Go/NoGo Learning Task that reliably elicits motivational biases 118 
in choice behaviour and reaction times. Participants had to learn by trial and error to execute (Go) or 119 
withhold (NoGo) a response to acquire a desired outcome. Some cues offered the chance to win a 120 
reward (“Win” cues) while others signaled the need to avoid a punishment (“Avoid” cues). Participants 121 
typically show better performance for bias-congruent cues (i.e. perform a Go response to Win cues 122 
and a NoGo response to Avoid cues) than to bias-incongruent cues (NoGo to Win cues, Go to Avoid 123 
cues) (50,51). We quantified motivational biases as the relative performance difference between bias-124 
congruent vs. incongruent cues. Relating individual differences in motivational biases to two 125 
transdiagnostic symptom dimensions, namely anxiety/depression (AD) vs. compulsions and intrusive 126 
thoughts (CIT), we observed a double dissociation: On the one hand, increased anxious-depressed 127 
symptoms predicted stronger suppression of motivational biases for incongruent cues, improving 128 
performance specifically for these more difficult conditions. This pattern of behaviour was captured 129 
by a novel, exploratory computational model, in which the value of up-and downregulating the 130 
Pavlovian choice biases is itself learned. In contrast, higher CIT symptoms were associated with a 131 
nonspecific performance deficit across both bias-congruent and incongruent task cues and with 132 
reduced expression of this model. This dissociable pattern argues against a unitary, generalized 133 
psychopathology account and instead suggests that alterations in motivational bias reflect dimension-134 
specific computational mechanisms. 135 

Materials and Methods 136 

Participants 137 

We recruited 500 participants via Prolific (https://www.prolific.ac.uk) constituting a general-138 
population sample not specifically pre-screened for clinical criteria. Participants indicated English as 139 
first language and had (corrected to) normal vision. Participation in previous studies precluded 140 
inclusion. Participants were reimbursed with a base rate of £5.83/hour for study completion and could 141 
earn a performance-based bonus of up to £1.00. Before participation, all subjects provided informed 142 
consent and study procedures were approved by the Ethics Review Committee, Faculty of Social 143 
Sciences, Radboud University (ID:17U.003546). Briefly, participants completed a Motivational 144 
Go/NoGo (MGNG) Task, a reversal learning task (to be reported elsewhere), demographic questions, 145 
a subset of the International Cognitive Ability Resource (I-CAR) Test, a cognitive ability test (52), and a 146 
battery of clinical questionnaires (Fig.1). A final sample of n=481 participants remained (4% exclusion 147 
rate; demographic details in Table 1) (see SI and preregistration https://osf.io/nht4u/ for more details 148 
on exclusion and quality assessment).  149 

MGNG task 150 

The well-established MGNG task robustly evokes motivational biases (50,51). On each trial, a cue was 151 
shown and participants had to decide whether to respond (Go) or not (NoGo). For each cue, 152 
participants could either receive a reward (Win cues), or avoid loss (Avoid cues) (Fig.1). Feedback 153 
followed a probabilistic schedule with validity set to 75%. Participants completed two blocks of 200 154 
trials (four cues/block), presented in pseudorandomised order with max 2 cue repetitions, which took 155 
25–30 minutes to complete (details see SI). 156 
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Cognitive Test and Clinical Questionnaires  157 

Participants completed the I-CAR, (63) containing 16 items from four areas (see Fig1). I-CAR scores 158 
were used to ensure associations with psychopathology were not accounted for by differences in 159 
cognitive ability. We did not enforce any exclusion criteria based on ICAR scores, given that the ICAR 160 
does not provide standardized norms or cut-off values (c.f. 63). Participants then completed a well-161 
established questionnaire battery (49), with a preregistered addition of the Almost Perfect Scale (APS) 162 
(54) and Padua Inventory (59). Together, these questionnaires assessed a range of clinical symptoms 163 
focusing on mood-anxiety and compulsive symptoms (Table 1). It also contained two catch items to 164 
assess compliance. Information on clinical relevance of the assessed symptoms is reported in Table S1. 165 
 166 

------------------------------------------   INSERT FIG 1 HERE --------------------------------------------- 167 

Figure 1 Task Design and Effects. A) Experimental timeline for the online experiment. The total time to complete the 168 
experimental procedure was approximately 75 minutes, but depended on the self-paced questionnaires. B) Go NoGo task 169 
trial sequence for each of the four cue types: The Go2Win and NoGo2Avoid cues are bias-congruent, as their instrumental 170 
action requirement is in line with the stimulus-response coupling dictated by the motivational bias. Go2Avoid and NoGo2Win 171 
are bias-incongruent and usually harder for participants to learn. On each trial, a cue is presented for 1300 ms. During this 172 
window, subjects can decide to make a Go response by pressing a button or make a NoGo response by withholding a 173 
response. After a 200 ms. blank screen, subjects are presented with the outcome (reward, neutral, punishment). The inter-174 
trial-interval (ITI) varied within the range of 750-1250 ms. in steps of 250ms. C) Trial-by-trial probability of Go responses p(Go) 175 
across participants (±SEM) for Go cues (solid lines) and NoGo cues (dashed lines) visualized with a 5-trial sliding average. From 176 
trial 1, participants show a clear tendency to make more Go responses for Win cues compared to Avoid punishment cues 177 
(green lines above red lines) reflecting the motivational bias. Successful learning is evident from the increasing difference in 178 
p(Go) for Go relative to NoGo cues. D-F) Average performance across participants (± 1 SEM) for each cue condition, grey dots 179 
indicate individuals. D) The proportion of Go responses for Go cues is higher compared to NoGo cues, showing that 180 
participants successfully learned the task, and higher for Win than Avoid cues, reflecting the motivational bias. (E) Proportion 181 
of correct responses for congruent vs incongruent cues illustrate the degree to which motivational bias hampers responding 182 
on incongruent trials. Note that, p(Go) and accuracy, p(Correct), are identical for Go cues, but are the inverse for NoGo cues. 183 
(F) Reaction times. Participants are faster for correct (relative to incorrect) Go responses, indicating learning, as well as faster 184 
to make Go responses for Win (relative to Avoid) cues, reflecting the motivational bias.  185 
 186 

Data Analysis 187 

Transdiagnostic factors 188 

Many clinical mental health questionnaires show strong inter-correlations reflecting an overlap of 189 
underlying constructs (49,63). Employing factor analysis (FA) for the purpose of dimensionality 190 
reduction can alleviate this problem by identifying distinct latent constructs. As pre-registered, we 191 
added the APS (which has been related to Obsessive-Compulsive symptoms (67,68)), and Padua 192 
Inventory (PI) (59). Rationale for this addition was to dissociate obsessive and compulsive symptoms 193 
to reveal putative distinct associations with motivational bias. Unfortunately, the addition of these 62 194 
items led to so-called ‘bloated’ specific factors, which can emerge when one facet is over-represented, 195 
here the OCD domain (69). We therefore report results from using the factor solution from the 196 
established questionnaire set. For completeness, results using the ‘extended’ FA with bloated factors 197 
are reported in the SI (supplementary questionnaire effects and dimension scores). Importantly, the 198 
conclusions remain the same.  199 

Task Behaviour 200 

We analyzed the effect of cue valence (Win/Avoid) and required action (Go/NoGo) on the probability 201 
of making a Go response, using a generalized logistic mixed-effects model (R package lme4, v1.1-21). 202 
Here, the Required Action (ReqAct) factor quantifies learning (i.e. Go when Go is optimal). The Valence 203 
factor quantifies motivational bias (i.e. more Go to Win cues relative to Avoid cues). Their interaction 204 
term captures the degree to which performance varies with valence. Age and ICAR covariates were 205 
included to control for potential effects of age and cognitive performance. All continuous variables 206 
were z-standardized and factors sum-to-zero coded. All models included a full random effects 207 
structure. We computed p-values using likelihood ratio tests (LRT, R: afex package). Statistical 208 
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significance was defined as p-values<0.05. We excluded trials with RT<200 ms., where cues are unlikely 209 
processed meaningfully. As secondary analysis, we assessed the same model for RT data using linear 210 
mixed-level regressions. Here, we expected faster correct than incorrect Go responses, and faster 211 
responding to Win than Avoid cues.  212 

Relation between psychiatric symptoms and task behaviour 213 

As pre-registered, we assessed how psychiatric symptom dimensions related to behaviour by adding 214 
z-standardized factor scores as between-subject predictors to the mixed-effects models for choice and 215 
RT. As factors could be correlated, i.e. competing for variance, we examined models with i) each factor 216 
entered separately and ii) all factor scores in a combined model. The latter analysis allowed 217 
examination of the unique variance each dimension explained (see SI for RT and extended factor 218 
analysis results). We post-hoc characterized the contribution of each questionnaire on observed 219 
effects.  220 

Computational modelling 221 

We employed reinforcement learning models to more precisely dissect motivational bias and learning 222 
processes underlying interindividual differences in behaviour associated with symptom dimensions. 223 
We initially fitted five RL models of increasing complexity to capture learning and bias effects, following 224 
previous work but going beyond what was originally specified in our pre-registration (see below) 225 
(Swart et al., 2017). For details on model specification, fitting and comparison, see SI. The SI also 226 
contains a summary of the results for the pre-registered model-space and the rationale for diverting. 227 

Having established the winning model in this model space, we added a final exploratory model (M6). 228 
This model is inspired by the proposal that exerting cognitive control is not so much dependent on the 229 
ability to exert control, but rather results from evaluating the future net benefits of exerting cognitive 230 
control (72). The key idea here is that making a bias-congruent response is computationally cheap, 231 
while making a bias-incongruent response requires suppression of (i.e. control over) the Pavlovian 232 
system. In M6, the ‘value’ of bias ‘control’ was learnt on a trial-by-trial basis for each stimulus through 233 
simple RL, governed by a ‘control’ learning rate. See SI for full model space equations, comparison, 234 
validation and parameter transformations.  235 

We analysed how individual symptom scores on each dimension were linked to i) the model 236 
responsibility scores for the winning model, and ii) the individual parameter estimates from the 237 
winning computational model, using linear regression models. Model responsibility refers to the 238 
likelihood of each model within a model space to have generated the observed data, thus providing a 239 
relative measure of evidence (70). Linear regressions included individual dimension scores as 240 
independent variables, and parameter estimates or model responsibility as DV. 241 

Results 242 

Motivational biases and learning  243 

Participants learnt the task, i.e. made more Go to Go than NoGo cues (ReqAct:χ2(1)=638.7, p< .001; 244 
Fig.1C,D). They also showed a motivational bias, i.e. more Go to Win than Avoid cues (Valence: 245 
χ2(1)=276.1, p<0.001). Their bias was stronger for Go cues (ReqActxValence: χ2(1)=27.36; p<0.001; 246 
Valence (Go): χ2(1)=258.41, p<0.001; Valence (NoGo): χ2(1)=196.68, p<0.001). Older participants 247 
performed better (AgexReqAct: χ2(1)=50.8, p<0.001), but did not significantly differ in motivational 248 
bias (AgexValence: χ2(1)=2.8, p=0.09). Cognitive ability positively predicted performance and 249 
negatively predicted motivational bias (CognAbxReqAct: χ2(1)=90.4, p<0.001; CognAbxValence: 250 
χ2(1)=34.4, p<0.001). Remaining effects were non-significant (p-values>0.4) (for details see SI).  251 

Participants were faster for correct Go responses (ReqAct: χ2(1)=274.8, p<0.001, Fig.1F). This likely 252 
reflects that participants speed up responding when they are certain what to do, in line with 253 
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observations reduced choice certainty is associated with slowing (73). RTs also reflected motivational 254 
bias, as faster responses to Win cues (Valence: χ2(1)=456.00, p<0.001) and a significant interaction for 255 
ReqActxValence (χ2(1)=18.5, p<0.001). 256 

 257 

------------------------------------------INSERT FIG2 HERE--------------------------------------------- 

 
Figure 2. Clinical questionnaires and symptom dimensions A) Distribution of scores on individual questionnaires and 

demographic variables. B) Covariance matrix showing the cross-correlation of all questionnaire items included in the factor 

analysis C) Eigenvalue plot indicating a 3-factor solution for the factor analysis. D) Questionnaire item loadings across the 

identified clinical symptom factors. 

 258 

Transdiagnostic factors and prediction of choice and reaction times 259 

We replicated the previously described three-factor solution with dimensions Anxiety and Depression 260 
(AD), Compulsions and Intrusive Thoughts (CIT), and Social Withdrawal (SW) (Fig.2) (75). Factor weights 261 
of previous (49) and current work correlated highly (rmin=0.85; rmax=0.95). Below, we examine the 262 
association between clinical dimensions, motivational biases and learning. Full statistics are reported 263 
in the SI (Table S1-2) 264 

Anxiety-Depression factor 265 

AD significantly interacted with valence and required action (ReqActxValencexAD; χ2(1)=7.31, 266 
p=0.007). Breaking down this interaction showed that higher AD symptoms predicted better 267 
performance on bias-incongruent trials (NoGo2Win: χ2(1)=10.4, p=0.001; Go2Avoid: χ2(1)=3.7, 268 
p=0.054; Go2Win: χ2(1)=1.3, p=0.3; NoGo2Avoid: χ2(1)=0.8, p=0.4). To characterize directly this effect 269 
in terms of performance on congruent versus incongruent trials, we analysed accuracy as DV, with cue 270 
congruency and AD dimension scores. There was a significant (negative) association of accuracy and 271 
AD for bias-incongruent cues (χ2(1)=9.1, p= .003), but not congruent cues (χ2(1)=0.6, p= .4) (Fig 3A-B). 272 

Increased AD symptoms were associated with a larger RT difference for correct versus incorrect 273 
responses (ReqActxAD: χ2(1)=6.7, p=0.001), driven by stronger slowing for incorrect responses with 274 
higher symptoms (AD (NoGo): χ2(1)=4.5, p=0.03; AD(Go): χ2(1)=0.03, p=0.9;) suggesting increased 275 
uncertainty about incorrect responses.  276 

Compulsions and Intrusive Thought factor 277 

Participants with higher CIT scores were less likely to perform the required action (ReqActxCIT: 278 
χ2(1)=15.3, p<0.001, Fig.3A,B), but symptom severity was not associated with motivational biases 279 
(ValencexCIT: χ2(1)=0.1, p=0.7) nor the interaction (ReqActxValencexCIT: χ2(1)=2.69, p=0.1; Fig.3B). In 280 
contrast to AD symptoms, higher CIT symptoms were associated with a smaller difference in RT for 281 
correct versus incorrect responses (ReqActxCIT: χ2(1)=4.9, p=0.02), driven by slower responding for 282 
correct responses with increasing symptoms (CIT (Go): χ2(1)=4.2, p=0.04; CIT (NoGo): χ2(1)=0.03, 283 
p=0.9). This corroborates findings in the choice domain (i.e. worse performance with increasing 284 
symptoms), as higher CIT individuals appear more uncertain of correct choices. 285 

Social Withdrawal factor 286 

Paralleling the finding for AD, there was a significant 3-way interaction for SW (ReqActxValencexSW: 287 
χ2(1)=6.3, p=0.01), again following a pattern of slightly better performance for incongruent relative to 288 
congruent cues (Fig.3A). This effect is numerically strongest for Win cues, though no individual 289 
conditions reached significance (p-values >.2: Go2Win: χ2(1)=1.7, p=0.2; Go2Avoid: χ2(1)=0.1, p=0.7; 290 
NoGo2Win: χ2(1)=1.7, p=0.2; NoGo2Avoid: χ2(1)=0.31, p=0.6) (Fig.3). There were no other significant 291 
interactions with SW (all p>0.3). There were also no significant RT effects for SW.  292 
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Remaining effects of dimensions were non-significant (p > .2) (Fig.3). Note that excluding ICAR scores 293 
from the models did not change our key findings (ReqActxValencexAD: χ2(1)=7.2, p=0.008, ReqActxCIT: 294 
χ2(1)=25.7, p<0.001, ReqActxValencexSW: χ2(1)=6.2, p=0.013). Briefly, all effect that had been 295 
significant in the previous models remained significant, and non-significant effects remained non-296 
significant. 297 

Individual questionnaire loading 298 

In the primary analyses, we observed that AD symptoms were (positively) predictive of performance 299 
on incongruent but not congruent trials, while CIT symptoms predicted both (negatively). As a follow-300 
up analysis we asked which individual questionnaires were driving these effects. For this analysis, we 301 
simplified the ReqActxValence interaction into a simple congruent vs. incongruent metric, allowing for 302 
reduction of model complexity, improving statistical power and interpretability. This particularly helps 303 
these analyses at the level of individual questionnaires, where measurement noise is likely higher and 304 
effect sizes smaller compared to latent symptom dimensions. 305 

Here, particularly higher apathy and trait anxiety scores were significantly linked to higher task 306 
performance on bias-incongruent trials, in absence of a concurrent increase for bias-congruent cues 307 
(Fig.3A, see Table S5 for detailed statistics). Meanwhile, worse task performance across congruent and 308 
incongruent cues was significantly linked to clinical symptoms from questionnaires encompassing 309 
eating disorder symptoms and OCD (Fig.3A). Others showed no significant effects.  310 

------------------------------------------   INSERT FIG 3 HERE --------------------------------------------- 311 

 312 
Figure 3. Dimension and questionnaire effects A) Transdiagnostic factors predict congruency-dependent performance. 
Separate visualization of ß estimates from mixed-effects models with p(correct) as dependent variable and z-standardized 
questionnaire scores, age and cognitive score as independent variables for congruent and incongruent cues. Increased AD 
symptoms were linked to better task performance specifically on bias-incongruent cues. In contrast, more CIT symptoms 
were associated with poorer performance across bias-congruent and incongruent cues. Effects of the SW dimension were 
similar to the AD dimension, though weaker and non-significant. B) Raw behavioural data for choices and reaction times 
(RT), as a function of symptom dimension (tertile split of Low, Medium, High symptom scores) for accuracy and mean 
corrected RT. RTs are split up by correct (Go cues) and incorrect (NoGo cues) responses. For the AD and SW dimension, 
there is a significant slowing on incorrect Go responses with more symptoms, leading to an increased difference between 
correct and incorrect Go responses. In contrast, increasing CIT symptoms was associated with slowing on correct Go 
responses, reducing the RT difference between correct and incorrect responses. C) Association of individual 
questionnaires with task performance. Asterisks indicate significance levels of the ß effect estimates. *** p< 0.001, ** p< 
0.01, * p<0.05, ° > 0.05. For more statistics see table S2 and S3 in the SI.  

 313 

Model-based analysis  314 

The base model comparison [M1-M5] identified M5 as winning model (model frequency=40%, 315 
PXP=0.84, Fig.4), encompassing a Go bias (b), Pavlovian bias (π) two feedback sensitivity parameters 316 
(ρwin, ρavoid). Extending M5 with a learning rate for learning the value of exerting control (i.e., 317 
suppressing the motivational bias, M6) improved the model, both when comparing within the full 318 
model space (M1-M6, Fig.4A), and when compared directly to M5 (M6: PXP=1.0, model 319 
frequency=62.1 %; Fig.4A, Table.S7; see SI and Fig.S1 for parameter recovery). In terms of absolute 320 
model performance, M6 predicted the observed responses 72% of the time (vs. 50% chance).  321 

Using HBI-derived model responsibility as a continuous outcome, we examined whether symptom 322 
dimension scores predicted responsibility for models M6 and M5, based on responsibility extracted 323 
from the full model space. Model M6 allows for adaptively learning the value of modulating the impact 324 
of the Pavlovian bias on behavior, thus reducing the motivational bias for incongruent trials over trials 325 
(Fig.4B). This feature may enable M6 to better capture improved performance on incongruent trials 326 
for high-scoring AD individuals. Higher AD scores were associated with greater responsibility for model 327 
M6 (AD: ß=0.076, t(472)= 3.6, p<0.001) and lower responsibility for model M5 (AD: ß=-0.056, t(472)= 328 
-2.9, p=0.005). Meanwhile, CIT scores showed the opposite pattern, predicting lower responsibility for 329 
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M6 (CIT: ß=-0.062, t(472)= -3.1, p=0.002) and higher responsibility for M5 (CIT: ß=0.057, t(472)= 3.1, 330 
p=0.002). Effects for the SW dimension were non-significant but followed the same direction as AD 331 
(p>.3). Full correlations between all dimension scores with parameter estimates are reported in the SI.  332 

Discussion 333 

In this study, we adopted a dimensional approach using online-data collection (46) in a general-334 
population sample to investigate how aberrant motivational biases in decision-making manifests 335 
across psychiatric symptom dimensions (27–29,32,75). Specifically, we asked whether alterations in 336 
motivational biases in psychiatric disorders reflect associations with distinct transdiagnostic symptom 337 
dimensions, or instead are correlates of a generalized illness factor that leads to non-specific 338 
impairments in adaptive responding across various cognitive dimensions. Under the latter account, 339 
motivational bias parameters would be expected to show associations that are uniform in direction 340 
across symptom dimensions, consistent with a single latent factor influencing behavior. In contrast, 341 
dimension-specific effects would be reflected in dissociable—and potentially opposing—associations 342 
across symptom domains. 343 

Our data revealed a double dissociation consistent with a symptom domain-specific effect on 344 
motivational bias, such that (1) AD symptoms were associated with improved performance on trials 345 
requiring bias suppression, whereas (2) CIT was associated with overall performance deficits. This 346 
pattern of associations was dissociable across dimensions in terms of both the nature (condition-347 
specific) and direction (increased versus decreased performance). Hence, it is difficult to reconcile this 348 
with a generalized illness factor explanation, and instead supports the interpretation that changes in 349 
motivational bias suppression are specific to the domain of anxiety-depression symptoms, and thus 350 
may reflect alterations in cognitive computations within this symptom domain. 351 

Factor analysis of a broad set of psychiatric symptom questionnaires collected in this large population 352 
sample replicated previous findings, identifying three primary symptom dimensions: anxiety-353 
depression (AD), compulsivity-intrusive thoughts (CIT), and social withdrawal (SW). Surprisingly, we 354 
found that participants reporting increased AD symptoms appeared to learn to weigh the motivational 355 
bias more efficiently so that they could appropriately maintain it in bias-congruent trials, while 356 
appropriately dampening it in bias-incongruent trials. This effect was also observed, albeit to a lesser 357 
extent, in individuals with higher SW symptoms. In contrast, CIT symptoms were linked to general 358 
performance deficits across all task conditions.  359 
 360 
Decreased performance or ‘decision acuity’ in individuals with high psychiatric symptom severity is a 361 
common phenomenon found in many reward learning tasks (76). It might reflect both cognitive 362 
limitations (e.g. concentration difficulties) and motivational problems that preclude the recruitment 363 
of sophisticated strategies needed to solve these tasks. Here, we observed such generalized task 364 
impairment for the CIT dimension. In contrast, a higher AD symptom score was associated with 365 
increased performance on bias-incongruent trials, which demand suppression of Pavlovian response 366 
tendencies (2,34,35), but was unaltered on congruent trials. This dissociation of CIT and AD symptoms 367 
was present in both choice and RT data.  368 

The fact that the relationship between AD symptoms and improved performance was specific to bias-369 
incongruent trials suggests that AD individuals do not simply show global suppression of motivational 370 
bias. Such global suppression would have resulted in reduced performance on congruent trials, as we 371 
observed in previous work (50). Rather, our finding suggests that what distinguishes higher anxious-372 
depressive individuals is the ability to suppress biases when they are maladaptive (77,78). This notion 373 
is supported by an exploratory computational model allowing for the trial-by-trial up/down regulation 374 
of the Pavlovian bias suppression for congruent/incongruent cues respectively. This model was more 375 
likely to be the best model in individuals with higher AD scores, but less likely in those with higher CIT 376 
scores. 377 
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The reduced biases observed with higher AD symptoms are consistent with prior findings of lower 378 
biases in depressed patients using a Pavlovian-to-instrumental transfer paradigm, where relatively 379 
intact biases predicted future remission (26), though see (79). Other previous research has linked 380 
depression to effort avoidance, i.e. preferential choice of low-effort options, which suggests that 381 
depressed individuals prefer to exert less cognitive control (23,38,80,81). In seeming contrast, other 382 
studies suggests that when tasks are relatively easy, depressed patients exert more control (39–42). 383 
These findings highlight the possibility that effort avoidance and increased effort exertion may reflect 384 
a shared cognitive attitude of perceiving tasks as overly difficult and requiring dedicated effort and 385 
diligence. In line with this, research has shown that depressed individuals are more sensitive to effort 386 
costs (37), and under certain circumstances, may perform better than healthy controls. For example, 387 
apathy has been linked to improved task performance in a vigilance and threat detection task (82). 388 
Likewise, higher scores for trait anxiety predicted better performance when making decisions under 389 
ambiguity during stress (83) and better inference of hidden states (84). In sum, these results suggest 390 
that individuals with higher AD scores may be better capable of up- and down-regulating motivational 391 
biases when these are maladaptive. Importantly, the present findings should not be taken to suggest 392 
that anxiety and depression are interchangeable. Rather, the AD dimension captures variance shared 393 
across these domains, with apathy and anxiety loadings being most strongly linked to the motivational 394 
effects we discovered. Future work will be needed to replicate our findings and disentangle their 395 
potentially distinct influences on motivational bias. 396 

Improved regulation of Pavlovian biases in individuals scoring higher on the AD dimension might stem 397 
from heightened risk aversion and an overly cautious, deliberative style of responding. Overestimating 398 
the potential of failure, even for relatively easy tasks, might motivate these individuals to over-exert 399 
control to suppress their biases when realizing they might result in poor performance. As such, 400 
behavior may be less guided by stimuli signaling potential rewards, underlying loss of pleasure and 401 
interest, core aspects of anhedonia (24,85). Outsourcing behavior to simple default strategies such as 402 
motivational biases can be healthy and adaptive in everyday life (86), but anxious-depressive 403 
individuals might not benefit from this possibility. Similarly, less guidance by stimuli signaling threats 404 
of punishment might lead to unexpected negative experiences and an increased sense of worry and 405 
caution (87,88). Lastly, while cognitive control recruitment is typically conducive to solving problems 406 
in everyday life and thus to a positive mental health status, chronic overexertion of cognitive control 407 
can become maladaptive (89) and might be linked to long-term consequences such as fatigue (90), 408 
apathy (91) or increased risk of relapse in depression (91). Future studies should further explore the 409 
clinical relevance of inter-individual differences in controlling motivational biases for treatment 410 
outcome.  411 

Interestingly, one ‘transdiagnostic’ clinical feature that depression and anxiety share is rumination 412 
(92). Rumination can be construed as extensive recruitment of cognitive effort to think through a 413 
decision strategy. It might reflect the inability to rely on simple heuristics—like motivational biases—414 
to make decisions instead relying on more effortful, deliberate control mechanisms (87,93). In our 415 
data, the severity of anxious-depressive symptoms correlated with slower response times, particularly 416 
for incorrect responses, which further supports the idea that rumination and the suppression of 417 
motivational biases might reflect an abnormally high recruitment of cognitive effort. At the same time, 418 
slower RT might also represent a more cautious approach with reduced confidence regarding choice 419 
selection, as previously reported in other studies (94,95). Thus, improvement in adaptive Pavlovian 420 
bias suppression could speculatively be construed as cognitive “side-effects” of depressogenic 421 
processes such as rumination. Interestingly, a previous study also reported better task performance 422 
(decision acuity) with increasing levels of worrying (96). While this explanation is tempting, our study 423 
did not explicitly examine a direct association with rumination and future studies are needed including 424 
validated rumination measures to test whether rumination mediates the link between adaptive 425 
suppression and depressive symptoms. Furthermore, while this suggests potential clinical significance 426 
of our findings, it is important to note that we did not collect data on participants' medical histories, 427 
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medications, or prior diagnoses, meaning we cannot draw conclusions about how these factors might 428 
have influenced the results.  429 
 430 
In summary, using FA, mixed-effects models, and computational modeling, we replicate and extend 431 
previous research on transdiagnostic symptom dimensions in psychiatric disorders. Specifically, we 432 
find a double dissociation for symptom dimensions, namely, that anxious-depressive individuals are 433 
better able to suppress Pavlovian biases when they are maladaptive, whereas individuals with 434 
compulsive/intrusive symptoms show more generalized performance deficits. Our results suggest 435 
that previously observed wide-spread changes in motivational biases in psychiatric disorders may 436 
reflect both a general performance deficit and symptom-specific bias modulation. We speculate that 437 
lower reliance on simple default strategies and chronic recruitment of cognitive control to suppress 438 
biases might contribute to symptoms such as apathy or fatigue. Importantly, as the GoNoGo task is 439 
not a cognitive effort task and thus not optimized to capture individual differences in cognitive effort 440 
exertion in the context of Pavlovian biases, our interpretation should be seen as a potential avenue 441 
for future research. Here, it could be explored whether individual differences in cognitive control 442 
over motivational biases predict the development or worsening of psychiatric symptoms and how 443 
they might relate to cognitive processes like rumination. Moreover, our findings highlight the 444 
importance of distinguishing between performance deficits and alterations in computational 445 
strategy. Interventions may therefore benefit from targeting not only the magnitude of motivational 446 
biases, but also the flexibility with which they are regulated across contexts.   447 
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Table 1. 696  Mean SD Range 

Demographic Data (N=481) 

Age 34.7 12.7 18 - 75 
Cognitive Score 8.5 3.6 0 - 16 
Gender (% female) 50.3   

Educational degree completed (%) 

Primary school  3.1   
Secondary School 45.3   
Bachelor degree 36.4   
Master degree 11.2   
Advanced degree  3.9   

Clinical Questionnaires 

AES 35.8 9.6 18 - 63 
APS 108.4 21.0 25 - 157 
AUDIT 5.0 5.8 0 - 32 
BIS-11 61.6 11.2 35 - 97 
EAT a 8.4 9.6 0 - 54 
LSAS b 57.2 32.0 0 - 137 
OCI-R 15.7 13.2 0 - 69 
SCZ 14.2 8.5 0 - 35 
SDS 43.2 10.6 20 - 75 
STAI-T 46.5 12.9 20 - 78 
PI 26.3 24.5 0 - 115 
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B. Item-level covariance matrix
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A. Factors predict congruency-dependent performance 
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C. Individual questionnaire loadings on task performance
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