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Abstract 

Negative reinforcement processes allow individuals to avoid negative and/or harmful 

outcomes. They depend on the brain’s ability to differentiate; (i) contingency from non-

contingency, separately from (ii) judgements about positive and negative valence. Thirty-three 

males (8-18 years) performed a cued reaction-time task during fMRI scanning to differentiate 

the brain’s responses to contingency and valence during loss avoidance. In two conditions, 

cues indicated no -contingency between participants’ responses and monetary loss – (1) 

CERTAIN LOSS (negative valence) of €0.20, €1 or €5 or (2) CERTAIN LOSS AVOIDANCE 

(positive valence). In a third condition, cues indicated a contingency between short reaction 

times and avoidance of monetary loss. As expected participants had shorter reaction times in 

this latter condition where CONDITIONAL LOSS AVOIDANCE cues activated salience and 

motor-response-preparation brain networks - independent of the relative valence of the 

contrast (CERTAIN LOSS or CERTAIN LOSS AVOIDANCE). Effects of valence were seen 

toward the session’s end where CERTAIN LOSS AVOIDANCE cues activated ventral striatum, 

medial-orbitofrontal cortex and medial-temporal areas more than CERTAIN LOSS. 

CONDITIONAL LOSS AVOIDANCE trials with feedback indicating “success” activated ventral 

striatum more than “failure feedback”. The findings support the hypothesis that brain networks 

controlling contingency and valence processes during negative reinforcement are dissociable. 

Keywords: Negative reinforcement, valence, contingency, fMRI, monetary loss, salience 
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Highlights 

• The EMLI can identify underlying brain systems that play a role in negative 

reinforcement processing 

• We distinguished brain networks linked to contingency-related and valence-related cue 

processing during adolescence 

• Cues signaling loss avoidance contingency were more motivational salient and 

improved performance 

• Postively valenced cues were associated with hyper-activation of ventral striatum, 

middle temporal gyrus and medial orbitofrontal cortex towards the session end. 
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1. Introduction 

Consequences shape actions as individuals work to increase the likelihood of positive and 

reduce the likelihood of negative experiences and outcomes. From this perspective, the 

positive impact of establishing a contingency between an individual’s poor task performance 

and negative outcomes (described as punishment in daily language) is explained, at one level, 

in terms of negative reinforcement processes - whereby the avoidance of aversive events and 

experiences reinforces those actions that allow their escape. However, our understanding of 

the neural mediators of the effects of negative reinforcement on human task performance is 

currently limited.  

Monetary incentive paradigms have been used to study these processes in human 

subjects (Knutson et al., 2000). In these tasks preparatory cues signal whether “good” (with 

criteria individually tailored on a trial-by-trial basis) performance on an up-coming reaction time 

task will be reinforced. Tasks typically include performance-contingent monetary-gain cues but 

some have included cues indicating that monetary loss can be avoided (Dugré et al., 2018, 

Knutson and Greer, 2008, Oldham et al., 2018). On both trial types, participants receive 

feedback telling them how they have performed. Prior meta-analyses suggest that monetary 

loss avoidance cues speed reaction times (highlighting their motivational value). These cues 

activate ventral striatum, insula, thalamus, amygdala, premotor cortex, occipital cortex, 

cerebellum, lingual gyrus, supplementary motor area, middle frontal gyrus, anterior- and mid-

cingulate cortex (Dugré et al., 2018, Knutson and Greer, 2008, Oldham et al., 2018). 

Successful avoidance of monetary loss as signaled by feedback activates bilateral ventral 

striatum, amygdala, anterior cingulate cortex and medial prefrontal cortex (Dugré et al., 2018; 

Knutson and Greer, 2008, Oldham et al., 2018). These regions overlap with those activated  

on reward anticipation rather than loss avoidance trials (Liu, Hairston, Schrier, & Fan, 2011).  

In order to understand how the brain reacts to opportunities to avoid punishment (i.e., 

monetary loss) one needs to distinguish the role of two sets of brain processes: (1) the 

recognition and response to the cue properties signaling contingency (i.e., “this is an important 

cue - I need to prepare to respond to it”) and (2) those properties coding valence (the relative 
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probability of a positive as opposed to a negative outcome). The way that monetary incentive 

delay (MID) tasks are designed and analysed currently precludes this distinction being 

effectively made. The first original studies using the MID task typically contrasted the 

anticipation of monetary gain directly with monetary loss cues (Knutson & Greer, 2008) - so 

confounding the study of the brain processes implicated in marking the salience of cues 

predicting a performance-outcome contingency (and the response preparation they motivate) 

and those predicting the relative valence of the likely outcome. More recent studies contrasted 

both monetary gain and loss with neutral conditions (Oldham et al., 2018). Furthermore, in 

these tasks the relative valence of the monetary loss cues is colored by being interspersed 

with monetary gain cues during the task - so that relative to monetary gain or neutral cues they 

are likely to be regarded as negative - in other situations they are likely to be seen as positive 

(e.g., if the alternative was certain loss).  

In the current paper, we used a variant of the monetary incentive task to address these 

issues by distinguishing contingency and valence in relation to monetary loss. More 

specifically, all participants were given an initial stake of €150. They were then presented with 

three trial types. One in which cues signaled that they can avoid loss of money if they respond 

sufficiently quickly on a reaction time task (CONDITIONAL LOSS AVOIDANCE); one in which 

the cues signaled that loss would be imposed irrespective of performance (CERTAIN LOSS) 

and one where cues signaled that no loss would occur irrespective of performance (CERTAIN 

LOSS AVOIDANCE). This would allow us to distinguish how the brain reacts to opportunities 

to avoid negative events by contrasting the contingent (CONDITIONAL LOSS AVOIDANCE) 

from non-contingent (CERTAIN LOSS and CERTAIN LOSS AVOIDANCE) conditions, and 

valence effects by comparing positive (CERTAIN LOSS AVOIDANCE) and negative 

(CERTAIN LOSS) cues. 

We made a number of predictions. First, cues indicating that loss could be avoided by 

fast responding (CONDITIONAL LOSS AVOIDANCE) would (1) be more motivationally salient, 

(2) increase mobilization of cognitive resources in preparation for responding and (3) lead to 

faster reaction times than both the conditions where there was no contingency between 
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performance and outcome (CERTAIN LOSS and CERTAIN LOSS AVOIDANCE) irrespective 

of the relative valence of cues (i.e. the negative reinforcement effect). At the neural level, this 

should lead to activation of two broad networks (Bressler and Menon, 2010, Kahnt et al., 2014, 

Seeley et al., 2007). First, those regions associated with salience processing (i.e., anterior 

insula, mid-cingulate cortex, primary visual cortex, inferior parietal cortex, and hippocampus). 

Second, those associated with motor preparation (i.e., posterior parietal cortex, dorsolateral 

prefrontal cortex, supplementary motor area, and thalamus).  

Our second prediction was that more positively valenced cues would activate what has 

been called the reward network (i.e., ventral striatum, medial orbitofrontal cortex) while 

negatively valenced cues would activate what has been called the punishment network (i.e. 

amygdala, insula) (Chávez et al., 2015). With reward centers more activated in the CERTAIN 

LOSS AVOIDANCE versus CERTAIN LOSS contrast, while the punishment centers more 

activated in the CERTAIN LOSS versus CERTAIN LOSS AVOIDANCE contrast.  

Third, in terms of outcome processing we predicted that on CONDITIONAL LOSS 

AVOIDANCE trials (where outcome reflects performance i.e. successfully avoiding loss or 

failure to avoid loss) feedback indicating success would activate reward centers compared to 

feedback indicating failure. For all of these effects we predicted that greater effects would be 

seen when cues signaled the loss or potential loss of larger amounts of money. Given that the 

design of the task meant that the amount of money lost accumulated over time across trials 

within a session we predicted that the magnitude of predicted neural activations would increase 

as a function of time on task.  
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2. Methods and materials 

2.1. Participants 

Thirty-three typically developing, right-handed, male adolescents between 8 and 18 years 

(13.7 ± 2.6 years) participated in this study. All were recruited from local youth organizations 

and schools. Participants had no psychiatric or neurologic disorders, nor a first-degree relative 

with these disorders, were currently not taking any psychotropic medication, had no history of 

alcohol or substance abuse, or MRI contraindications. To exclude subjects suffering from 

psychiatric disorders in general, including attention-deficit/hyperactivity disorder (ADHD), we 

interviewed one of the parents using a semi-structured clinical screening interview based on 

Diagnostic and Statistical Manual of Mental Disorders 5 criteria (Schedule for Affective 

Disorders and Schizophrenia for school-age children; Kaufman et al., 1997). Additionally, they 

did not score in the clinical range on the Dutch version of the parent-rated Disruptive Behaviour 

Disorders Rating Scale (inattention: 10.8 ± 1.9; hyperactivity/impulsivity 10.5 ± 0.76) and Child 

Behavioural Checklist (ADHD problems: 52.6 ± 6.0). All subjects completed the short version 

of the Dutch adaptation of the Wechsler Intelligence Scale for children (version 3; Kort et al., 

2005) or adults (version 4; Wechsler, 2005) (total IQ: 106.7 ± 11.7) and were excluded if their 

total IQ was below 80. Written informed consent was obtained from parents and participants 

after detailed explanation of the study protocol. The study was approved by the Ethics 

Committee of the University Hospital Leuven, Leuven, Belgium (S59637).  

2.2. Escape Monetary Loss Incentive Task and Training 

Participants performed a newly developed reaction time task, the Escape Monetary Loss 

Incentive (EMLI) task, while their brain responses were measured using fMRI. The trials had 

five phases: cue presentation, a variable anticipatory delay period, a response phase with 

target presentation, feedback on performance, and outcome (Fig. 1). Participants started with 

a €150 stake and were told that they could take home what money remained on completion of 

the task. All participants, however, received €50 upon study completion irrespective of their 

performance. Three cues indicated the monetary outcome (2 s): triangle-shaped cues 
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signalled the possibility of avoiding monetary loss (CONDITIONAL LOSS AVOIDANCE) by 

responding fast during target presentation, circle-shaped cues signalled that monetary loss 

would be imposed regardless of performance (CERTAIN LOSS) and diamond-shaped cues 

signalled that monetary loss would always be avoided regardless of performance (CERTAIN 

LOSS AVOIDANCE). Triangle- and circle-shaped cues both had horizontal lines that indicated 

how much money was at stake: 3 lines corresponded to €5, 2 lines to €1 and 1 line to €0.20. 

This was followed by an anticipation interval varying in length (3 - 3.5 s). During the response 

phase, participants were instructed to press a button as quickly as possible while a target was 

presented on the screen. In order to achieve correct responses in ± 66 % of all trials for each 

participant, the reaction time thresholds were adjusted to the participants’ performance using 

a staircase tracking procedure (+20ms at fail / -20ms at success). Feedback informed 

participants whether they had responded fast enough to meet the specific threshold operating 

on the current trial. At the end of the trial both the amount of money lost in the current trial and 

the total amount of money left were indicated. The EMLI task consisted of 135 counter-

balanced trials, 45 for each cue type, and had a total duration of 25 mins. Data were acquired 

in 5 runs. Before scanning, participants had extensive training to make sure that they learned 

the cue-related contingencies. Afterwards, they completed 27 practice trials to calculate the 

initial reaction time threshold. Pre-training ensured stable performances during imaging and 

eliminated possible confounds associated with instrumental conditioning. 
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Fig. 1. Escape Monetary Loss Incentive task design. Cues indicate different money-related 

response consequences. The triangle (CONDITIONAL LOSS AVOIDANCE) signals monetary 

loss can be avoided (on 66% of trials) if reaction times meet performance thresholds. The circle 

(CERTAIN LOSS) demonstrates that monetary loss always occurs, regardless of reaction time. 

The diamond (CERTAIN LOSS AVOIDANCE) indicates that monetary loss will not occur, 

regardless of response speed. Monetary amounts were €0.20, €1 or €5 and were indicated by 

one to three horizontal bars inside the cue. The analysis focused on cue presentation and 

feedback on performance. 

2.3. Subjective Valence Ratings of Experimental Cues 

After task completion, subjects rated the valence they attached to the experimental cues on a 

7-point Likert scale (-3 aversive, 0 neutral, +3 happy) and ranked the different cue types 

according to the extent they would be likely to invest effort on the upcoming reaction time task. 

Participants were also asked to describe in one word the emotion the different cue types 

elicited ranging from negative (disappointed, frustrated, agitated), to neutral (indifferent, 

normal), attentive (attentive, concentrated, focused) and positive feelings (satisfied, I liked this, 

happy). Participants were asked to indicate from which run they started to feel the monetary  

loss particularly aversive. 
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2.4. Statistical Analysis Behavioural Measurements 

Two separate repeated-measures ANOVAs examined the effects of condition (CONDITIONAL 

LOSS AVOIDANCE, CERTAIN LOSS, CERTAIN LOSS AVOIDANCE) on reaction time and 

subjective cue-valence ratings. To investigate the effect of time-on-task and monetary amount, 

further separate ANOVA’s were performed with run (1, 2, 3, 4, 5) and condition 

(CONDITIONAL LOSS AVOIDANCE, CERTAIN LOSS, CERTAIN LOSS AVOIDANCE); and 

money (€0.20, €1, €5) and condition (CONDITIONAL LOSS AVOIDANCE, CERTAIN LOSS) 

as within-subject factors. Statistical analyses were conducted in SPSS (version 22, IBM, New 

York, USA) at a significance level of 0.05. Post-hoc t-tests were used to explore significant 

interaction effects, when appropriate. 

2.5. MRI Acquisition 

Before scanning, participants were familiarized with the MRI scanner and received additional 

oral instructions on the scanning procedure and task. Imaging was performed using an Ingenia 

3T MRI scanner (Philips Medical Systems, Best, The Netherlands) equipped with a 32-channel 

head coil. In a single session, 36 interleaved bottom-up slices with a slice thickness of 3.75 

mm and in plan voxel size of 2.75 mm2 were acquired using a T2*-sensitive echoplanar imaging 

sequence with the following parameters: repetition time 1100 ms, echo time 30 ms, flip angle 

90°, SENSE reduction factor 2, 80 x 80 matrix and 220 x 220 mm² field of view without slice 

gap, resulting in a total of 320 volumes. At the end of each scanning session, a high-resolution 

structural scan was acquired using a T1-weighted gradient to facilitate localization and co-

registration of functional data. Structural scan parameters were repetition time 9.6 ms, echo 

time 4.6 ms, 8° flip angle, 256 x 256 mm² field of view with 1 mm³ isotropic voxel size. Stimuli 

were presented on a screen using Presentation (Neurobehavioral Systems, 

http://www.neurobs.com). 

 

 

http://www.neurobs.com/
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2.6. Image Pre-processing 

Data were pre-processed and analyzed using Statistical Parametric Mapping software 

(SPM12, Wellcome Trust Centre for Neuroimaging, London, UK) implemented in Matlab 7 

(Math Works, Natick, Massacussetts, USA). Children and adolescents have far more abrupt 

motions that may bias results. The ArtRepair SPM toolbox was used to improve the fMRI 

analysis by automatically detecting and removing noisy volumes. The recommended ArtRepair 

preprocessing pipeline was followed, which included slice-time correction of functional images, 

functional image realignment to the middle slice of each run, smoothing of functional images 

using a 3D Gaussian kernel of 4 mm FWHM, motion adjustment by removing volumes with 

>0.5 mm/TR, artefact repair, spatial normalization of all images, and smoothing of functional 

images using a 7 mm FWHM kernel (Mazaika, Hoeft, Glover, & Reiss, 2009). The last EMLI 

run of four participants was excluded from analyses because of excessive head motion (>25% 

of volumes repaired). 

2.7. Neuroimaging Analysis 

For each subject, two general linear models were defined, one for the cue onset and one for 

feedback, using 14 regressors: three cue types (CONDITIONAL LOSS AVOIDANCE, 

CERTAIN LOSS, CERTAIN LOSS AVOIDANCE), three monetary loss amounts (€0.20, €1, 

€5) and for the feedback model, two additional regressors on performance outcome (success, 

fail). Beta weights of each regressor were estimated with reaction time and movement 

parameters in the 3 directions of motion and 3 degrees of rotation included as covariates. First, 

six main T-contrast images were calculated for each subject to investigate effects of 

contingency (CONDITIONAL LOSS AVOIDANCE > CERTAIN LOSS, CONDITIONAL LOSS 

AVOIDANCE > CERTAIN LOSS AVOIDANCE), valence (CERTAIN LOSS > CERTAIN LOSS 

AVOIDANCE, CERTAIN LOSS AVOIDANCE > CERTAIN LOSS), and feedback 

(CONDITIONAL LOSS AVOIDANCE success > CONDITIONAL LOSS AVOIDANCE fail, 

CERTAIN LOSS success > CERTAIN LOSS fail). Success on a trial refers to a sufficiently fast 

response time determined on a trial-by-trial basis. Secondly, to examine the influence of 
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monetary loss amounts on contingency, three supplementary T-contrasts were created 

CONDITIONAL LOSS AVOIDANCE €0.20 > CERTAIN LOSS AVOIDANCE, CONDITIONAL 

LOSS AVOIDANCE €1 > CERTAIN LOSS AVOIDANCE, CONDITIONAL LOSS AVOIDANCE 

€5 > CERTAIN LOSS AVOIDANCE. These specific monetary level contrasts were not created 

for the contingent CONDITIONAL LOSS AVOIDANCE > CERTAIN LOSS contrast, as 

CERTAIN LOSS also contains separate monetary levels and is therefore underpowered to 

explore dose-response influences. Finally, to check the potential influence of time-on-task, the 

brain activity during run 4-5 (only €50 remaining) was directly contrasted with run 1-3 for the 

main contingency and valence contrasts. Individual T-contrast images were used in a second-

level analysis on whole-brain level for contingency, valence and feedback contrasts. The age 

effect was investigated by taking subject-specific contrasts into a second level random-effects 

model using multiple regression with age as covariate. In all whole-brain analyses, statistical 

tests were considered significant having a voxel level p-value < 0.05 family wise error (FWE) 

corrected and a cluster size of > 5 voxels based on the peak beta-value and labelled using the 

automated anatomical labelling atlas (Tzourio-Mazoyer et al., 2002). Region of interest (ROI) 

analyses further explored the influence of monetary loss amount on the brain regions found in 

the whole-brain analyses. To explore the time on task, whole-brain analyses were corrected 

using small volume correction p[FWE] < 0.05 to account for the limited amount of trials. For 

the monetary effects, individual contrast estimates were extracted for the individual monetary 

amounts at the coordinates of significantly activated group peak voxels. Repeated-measures 

ANOVAs using monetary amount (€0.20, €1, €5) were used to explore monetary effects on 

brain activation. In ROI analyses, significant statistical tests were considered having a p-value 

< 0.05 corrected for multiple comparisons (Bonferroni correction) when multiple ROIs were 

tested.  
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3. Results 

3.1. Behavioral Performance 

Participants responded significantly faster (F = 18.3; p <0.001; ηp
2 = 0.008) on CONDITIONAL 

LOSS AVOIDANCE (375.5 ± 110.5 ms) trials compared to both CERTAIN LOSS 401.7 ± 134.6 

ms) and CERTAIN LOSS AVOIDANCE (395.7 ± 121.7 ms) trials. A main effect of time-on-task 

was found (F = 5.9; p < 0.001; ηp
2 = 0.004) as shorter reaction times were observed towards 

the end of the session. No interaction between condition and time-on-task was found (F = 1.3; 

p = 0.26; ηp
2 = 0.002). There was no overall effect of monetary amount (F = 0.5; p < 0.62 ; ηp

2 

= 0.0001). An interaction between monetary amount and condition (F = 3.5; p < 0.03 ; ηp
2 = 

0.002) was observed - shorter reaction times (t = 4.3, p < 0.01) were recorded with increasing 

monetary amounts in the CONDITIONAL LOSS AVOIDANCE condition relative to the 

CERTAIN LOSS condition.  

3.2. Subjective Cue-Valence Ratings 

There was a significant main effect of condition (F = 149.2; p < 0.001; ηp
2 = 0.57). CERTAIN 

LOSS cues were rated significantly negatively (-1.6 ± 1.1), CONDITIONAL LOSS AVOIDANCE 

cues were rated neutral (-0.1 ± 1.4) and CERTAIN LOSS AVOIDANCE cues were rated 

significantly positively (2.5 ± 1.0). There was a significant effect of amount of money (F = 55.2; 

p < 0.001; ηp
2 = 0.37). The higher the amount of money that could be lost the more negatively 

the symbols were rated. The interaction between condition and amount was not significant (F 

= 1.1; p < 0.32; ηp
2 = 0.01). All participants indicated that they were more likely to put effort in 

the CONDITIONAL LOSS AVOIDANCE condition. Participants used predominantly positive 

words to describe CERTAIN LOSS AVOIDANCE (for 92% of the participants) and negative 

words for CERTAIN LOSS cues (91%). For CONDITIONAL LOSS AVOIDANCE they used 

words suggesting attentiveness to cues (86%). Participants reported CERTAIN LOSS was 

especially aversive from €50 downwards (run 4). 
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3.3. Neuroimaging 

3.3.1. Contingency Effects 

CONDITIONAL LOSS AVOIDANCE cues elicited significant whole-brain corrected hyper-

activation (p[FWE] < 0.05) of the bilateral anterior insula, midcingulate cortex, inferior parietal 

cortex, primary visual cortex, supplementary motor area, posterior parietal cortex, thalamus, 

dorsolateral prefrontal cortex, and ventral striatum relative to both CERTAIN LOSS and 

CERTAIN LOSS AVOIDANCE cues (Fig. 2; Table 1). Time-on-task analysis showed that the 

activation within these brain regions were consistent across the session. No age-related effects 

on brain response pattern were found. Region-of-interest analyses were conducted within 

whole-brain activated regions for both contingent contrasts to assess whether increasing 

functional activation was associated with larger monetary loss amounts. There was a 

significant interaction with monetary amount for anterior insula (F = 9.3. ; p < 0.001; ηp
2 = 0.23), 

midcingulate cortex (F = 12.6; p < 0.001; ηp
2 = 0.28), primary visual cortex (F = 7.1 ; p < 0.01; 

ηp
2 = 0.18), supplementary motor area (F = 14.1 ; p < 0.001; ηp

2 = 0.31), thalamus (F = 11.6 ; 

p < 0.001; ηp
2 = 0.27) and ventral striatum (F = 11.8 ; p < 0.001; ηp

2 = 0.27) (Fig. 2). No effect 

of monetary amount was seen for dorsolateral prefrontal cortex, inferior and posterior parietal 

cortex (p > 0.05) (Fig. 2).  
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Fig. 2. Whole-brain activated regions and dose-response relationships for (A) the 

salience network, (B) the motor preparation network and (C) the ventral striatal activity. 

Contrast estimates were extracted at peak activation clusters for the CONDITIONAL LOSS 

AVOIDANCE versus CERTAIN LOSS AVOIDANCE (1) and CONDITIONAL LOSS 

AVOIDANCE versus CERTAIN LOSS (2) contrast. Neural activation was averaged across 

both hemispheres. Error bars display the standard error. Asterisks (*) indicate p [family-wise 

error corrected] < 0.05. Filled dots indicate significant brain activation after FWE for a given 

monetary amount.  
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Table 1. Whole-brain results of estimated brain activation for main contingency contrasts 

 

Brain Region  Side 
  MNI   T p Cluster 

X Y Z Score [FWE] Size 

CONTINGENCY EFFECTS 

CONDITIONAL LOSS AVOIDANCE > CERTAIN LOSS AVOIDANCE 

Anterior Insula 
L -42 2 0 5.86 0.02 17 

R 32 20 8 5.96 0.01 15 

Midcingulate Cortex 
L -4 24 24 5.62 0.03 214 

R 6 8 28 5.56 0.04 193 

Ventral striatum 
L -14 18 -2 6.03 0.01 188 

R 12 14 -4 5.64 0.01 9 

Thalamus  
L -6 -16 -2 6.48 0.004 129 

R 6 -18 0 6.18 0.01 56 

Posterior Parietal Cortex 
L -22 -68 48 5.54 0.04 5 

R 30 -62 51 6.08 0.01 20 

Inferior Parietal Cortex 
L -46 -44 52 5.58 0.04 13 

R 32 -48 46 6.28 0.01 16 

Dorsolateral Prefrontal Cortex 
L -36 34 18 6.20 0.01 121 

R 44 44 24 6.28 0.01 72 

Supplementary Motor Area 
L -4 -12 62 7.29 0.001 403 

R 12 8 46 7.17 0.001 524 

Primary Visual Cortex 
L -32 -90 -12 8.93 < 0.001 1052 

R 38 -82 10 9.79 < 0.001 799 

CONDITIONAL LOSS AVOIDANCE> CERTAIN LOSS 

Anterior Insula 
L -32 20 9 5.61 0.03 22 

R 32 16 10 5.92 0.02 34 

Midcingulate Cortex 
L -12 4 44 8.39 < 0.001 364 

R 12 4 42 8.17 < 0.001 391 

Ventral striatum 
L -16 4 -8 7.44 < 0.001 402 

R 12 16 -6 6.61 0.003 206 

Thalamus  
L -16 -8 -2 6.94 < 0.001 489 

R 14 -20 16 6.65 0.003 183 

Posterior Parietal Cortex 
L -34 -54 64 5.97 0.01 27 

R 16 -58 50 6.15 0.009 40 

Inferior Parietal Cortex 
L -32 -36 42 5.88 0.02 24 

R - - - - - - 

Dorsolateral Prefrontal Cortex 
L -28 20 38 5.81 0.02 14 

R 38 44 36 6.78 0.002 33 

Supplementary Motor Area 
L -10 2 46 8.11 < 0.001 698 

R 12 2 46 7.76 < 0.001 780 

Primary Visual Cortex 
L -40 -80 -6 7.86 < 0.001 395 

R 38 -84 0 8.44 < 0.001 606 
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3.3.2. Valence Effects 

No voxels survived FWE-corrected threshold for positive valence in CERTAIN LOSS 

AVOIDANCE > CERTAIN LOSS contrast and for negative valence in CERTAIN LOSS > 

CERTAIN LOSS AVOIDANCE contrast. However, there was an effect of time-on-task with 

bilateral ventral striatum, middle temporal gyrus and medial orbitofrontal cortex activation for 

CERTAIN LOSS AVOIDANCE cues compared to CERTAIN LOSS emerging towards the end 

of the session (Table 2). 

Table 2. Time-on-task effects for whole-brain activations of the two last runs for main valence 

contrasts 

 

3.3.3. Feedback Effects 

Feedback indicating successful avoidance of loss on the CONDITIONAL LOSS AVOIDANCE 

condition resulted in a significant hyper-activation of the bilateral ventral striatum (Table 3) 

compared with feedback of failure to avoid loss. No voxels survived the threshold for the 

feedback in the CERTAIN LOSS condition. 

 

 

Brain Region  Side 
  MNI   T p Cluster 

X Y Z Score [FWE] Size 

TIME-ON-TASK EFFECTS 

CERTAIN LOSS AVOIDANCE > CERTAIN LOSS 

Ventral Striatum 
L -24 6 8 4.81 0.005 122 

R 26 2 10 4.15 0.03 60 

Medial Orbitofrontal Cortex 
L -12 48 -6 3.73 0.03 12 

R 14 52 6 5.56 0.01 86 

Middle Temporal Gyrus 
L -54 -10 -8 4.55 < 0.001 107 

R 46 -66 2 5.64 < 0.001 347 

CERTAIN LOSS > CERTAIN LOSS AVOIDANCE 

No suprathreshold voxels        
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Table 3. Whole-brain results of estimated brain activation for main feedback contrasts. 

 

  

Brain Region  Side 
  MNI   T p Cluster 

X Y Z Score [FWE] Size 

FEEDBACK EFFECTS 

CONDITIONAL LOSS AVOIDANCE Success > Failure 

Ventral Striatum 
L -18 8 -4 5.90 0.02 18 

R 22 14 -6 5.70 0.03 8 

CONDTIONAL LOSS AVOIDANCE Failure > Success 

No suprathreshold voxels        

CERTAIN LOSS Success > Failure 

No suprathreshold voxels        

CERTAIN LOSS Failure > Success 

No suprathreshold voxels        
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4. Discussion 

In the current study, we set out to distinguish brain regions implicated in contingency-related 

and valence-related cue processing in a monetary loss anticipation negative reinforcement 

paradigm. All participants were given an initial stake of €150, they then had to perform a cued 

reaction time task where cues indicated whether they would lose money at the end of each 

trial and whether the speed of response to a target could change the probability of that loss. 

There were a number of findings of note. 

First, cues signalling the opportunity to avoid loss were negatively reinforcing in that 

they speeded up responses to the target: reaction times were faster on CONDITIONAL LOSS 

AVOIDANCE trials than the two “CERTAIN” trial types. These findings were in line with 

decades of research on negative reinforcement which repeatedly demonstrated that 

individuals shape their behaviour to avoid negative events (Langthorne, McGill, & Oliver, 

2014). In fact much of this research has shown that the avoidance of a potential loss is a 

greater motivator than the potential gain of an equivalent sized reward (Barkley-Levenson, Van 

Leijenhorst, & Galván, 2013) - a behavioural phenomenon known as loss aversion (Kahneman 

& Tversky, 1979). Avoidance of aversive events has also been implicated as central drive to 

multiple psychiatric disorders, such as anxiety, phobias, posttraumatic stress disorder, major 

depression and suicide (Servatius, 2016). 

Second, participants’ subjective evaluations confirmed that they understood what the 

cues signified - specifically whether they indicated that outcome was contingent upon 

performance or not. The three cues varied widely in terms of the value they were assigned, 

with CERTAIN LOSS being rated negatively, CERTAIN LOSS AVOIDANCE being rated 

positively and CONDITIONAL LOSS AVOIDANCE being rated indifferently. Participants also 

reported that they applied more effort in this latter condition. This suggested that participants 

were aware of the distinctive valence and salience properties of the cues, confirming that the 

EMLI behaviourally engaged participants’ negative reinforcement processes. However, a 

direct association between subjective cue-valence scores and cue-reactivity in brain networks 

was not clearly present. This may be explained by the truncated range of cue-rating scores 
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with little intra-cue variability. Revising the Likert-scale to include more points and combining 

it with more objective psychophysiological and eye-tracking measures may produce a more 

sensitive measure with greater variance in future studies.  

Third, in line with our predictions that CONDITIONAL LOSS AVOIDANCE cues would 

be especially motivationally salient and lead to the mobilization of brain resources in 

preparation for responding - especially if the amount of money at stake was large - we found 

that they activated a widespread set of functionally related regions previously linked to salience 

processing and motor response preparation. In former studies using MID type tasks, identifying 

neural activity specifically associated with motivational salience has been challenging, as they 

were not able to distinguish contingency from valence specific effects (Litt, Plassmann, Shiv, 

& Rangel, 2011; Maunsell, 2004; Roesch & Olson, 2004). However, it is well established that 

the brain directs an individual’s attention towards stimuli of motivational relevance – in this 

case avoiding monetary loss (Theeuwes, 2010). Consequently, contingent stimuli are more 

likely to be selected for attentive processing (Becker, Folk, & Remington, 2010; Töllner, 

Zehetleitner, Gramann, & Müller, 2010). Previous studies that dissociated neural correlates of 

valence and salience showed that the valence-specific network was associated with the medial 

orbitofrontal cortex, anterior and posterior cingulate cortex, the salience-specific network with 

the midcingulate cortex, anterior insula and inferior parietal cortex, while both networks include 

the ventral striatum (Cooper and Knutson, 2008; Jensen et al., 2007, Kahnt et al., 2014, Litt et 

al. 2011). It has been frequently shown that when executive task performance is required, the 

salience network co-activates with a distinct motor preparation network that consist of the 

supplementary motor area, posterior parietal cortex, thalamus and dorsolateral prefrontal 

cortex (FitzGerald, Friston, & Dolan, 2012; Lau, Rogers, Ramnani, & Passingham, 2004; 

Seeley et al., 2007). In line with previous investigations, we found that higher monetary 

amounts seemed to induce a larger brain activity in the salience network, while brain regions 

such as dorsolateral prefrontal cortex and parietal cortex showed to be insensitive to monetary 

value (Kahnt and Tobler 2013; Kahnt et al. 2014; Ogawa et al. 2013). Furthermore, it is 

important to note that contingency effects may be defined not only through magnitude but also 
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through probability (Mackintosh, 1975; Yacubian et al., 2006). Unfortunately, direct 

comparisons between different probability levels were outside the scope of the current study. 

Future studies, with different contingent probabilities (instead of only 66%) will allow us to 

discriminate between magnitude- and probability effects.  

Fourth, the brain contrasts between the “conditional” and the two “certain” conditions 

revealed the same activation patterns - despite one of the certain cues (CERTAIN LOSS 

AVOIDANCE) being designed and clearly experienced by participants as positively valenced 

in absolute terms and the other (CERTAIN LOSS) experience and recognised as negatively 

valenced. Maybe the most important finding in this regard relates to the role of the ventral 

striatum. In both animal and human research, the striatum’s response has been primarily linked 

to anticipation of positively valenced incentives and considered the key region in distinguishing 

positive from negative valence (Knutson et al. 2001; Lutz and Widmer 2014; Schultz et al. 

2008). Yet activity in the ventral striatum has only been observed by those tasks in which there 

exists both a perceived connection between action and outcome, and where some uncertainty 

exists about whether the action will lead to the desired outcome (Tricomi, Delgado, & Fiez, 

2004; Walton et al., 2009). In accordance with these latter findings our results implicate activity 

within this region in coding of salience of the cue, rather than the valence itself (Cooper & 

Knutson, 2008; Jensen et al., 2007; Litt et al., 2011). In rodent models, the ventral striatum, 

and the nucleus accumbens in particular, can be cytochemically subdivided in two distinct 

regions, the core and shell, that have shown to contribute in different ways to negative 

reinforcing effects (Heimer, Zahm, Churchill, Kalivas, & Wohltmann, 1991). The shell is an 

important site for enhancing motivational effects of responding, whereas the core is involved 

in the control of motivational salience induced by reinforcing stimuli (Ito, Robbins, & Everitt, 

2004; Parkinson, Olmstead, Burns, Robbins, & Everitt, 1999). Unfortunately, the ventral 

striatum cannot be subdivided in subregions based on MRI images, as the resolution is not 

sufficient, but it is possible that these separate regions are responsible for the ventral striatum 

effects associated with salience and valence contrasts. Nevertheless, the sensitivity of the 

ventral striatum to contingency between action and outcome gives it a central role in the 
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neurobiology of learning. If the ventral striatum is mostly involved in the prediction of salience, 

the coding of valence needs to be done elsewhere. The medial orbitofrontal cortex has been 

widely suggested to guide behaviour based on the anticipated valence (Anderson et al., 2003; 

Rolls, Kringelbach, & De Araujo, 2003; Small et al., 2003). In the present study, medial 

orbitofrontal activity was indeed seen to positively valenced cues towards the end of the 

sessions. 

Fifth, unexpectedly, when taking the session as a whole there were no differences in 

brain activation patterns signifying positive (CERTAIN LOSS AVOIDANCE) as opposed to 

negative valence (CERTAIN LOSS) - a contrast that we assumed would identify regions 

normally implicated in valence processing - despite the fact that “success” feedback cues 

activated the ventral striatum. However, we did find an increase in ventral striatum, middle 

temporal gyrus and medial orbitofrontal cortex activations to positively valenced cues towards 

the end of the session, when remaining money was low and the relative size of each individual 

loss was thus very large. These effects were mirrored in the fact that participants subjectively 

reported finding cues especially motivating (one way or another) when reaching the €50 

threshold. From this point onwards, preservation of the remaining money seemed to become 

more important, which resulted in acquiring more positive valence of CERTAIN LOSS 

AVOIDANCE characterized by significant hyper-activation in the reward regions of the brain 

(Haber, Kim, Mailly, & Calzavara, 2006). Previous research has also shown that individuals 

adapt responses to take account of depleting resources (Freund, 1997).  

Sixth, against expectation, brain networks typically involved in the processing of 

negatively valenced cues (CERTAIN LOSS) were not activated during the anticipation of 

certain negative outcomes – even towards the end of the session and despite the fact that 

participants perceived them as negative in their subjective ratings. Previous studies using 

instrumental coding designs have highlighted the role of brain regions such as the amygdala, 

in monetary loss avoidance in the processing of negative events (Mobbs et al., 2009; Schlund 

& Cataldo, 2010). The amygdala’s role in loss avoidance has, however, been hypothesized to 

be limited to the learning process (Cain & LeDoux, 2008; Jensen et al., 2007). In our task 
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design, the avoidance behavior was learned through extensive pretraining outside the scanner. 

Absence of amygdala activation in our study may therefore reflect the fact that the avoidance 

cue–outcome relations were already learnt before the scanning session started (Andrzejewski, 

Spencer, & Kelley, 2005; Jensen et al., 2007) or may be explained by the fact that brain 

responses towards cues are largely determined by automatic rather than conscious processes 

(De Houwer, Vandorpe, & Beckers, 2005; Töllner et al., 2010). It may however also have 

depended on the start amount, where a lower start amount would have proportionally higher 

losses per trial if the same monetary levels are used and therefore have a more punishing 

effect (Hahn, 2010). Future studies that vary the start amount and amount of loss per trial can 

provide more insight. 

The study had some limitations that need to be taken into account when interpreting its 

findings. First, in order to ensure equivalent performance of participants, the cue-related 

contingencies were trained before the start of the experiment. This meant that the process of 

learning could not be studied. Future research may examine the effects of contingency during 

learning. Second, different task designs may modulate processes that promote avoidance. In 

line with prior human neuroimaging studies, a partial avoidance contingency was used in the 

CONDITIONAL LOSS AVOIDANCE condition in which participants could avoid monetary loss 

in 66% of the time (Jensen et al., 2007, Kim et al., 2006, Mobbs et al., 2009) or could avoid 

monetary loss on every trial like in the CERTAIN LOSS AVOIDANCE condition (Schlund & 

Cataldo, 2010). Varying avoidance probabilities and subsequent beliefs are likely to modulate 

brain responses. Third, a large developmentally diverse sample was included. Attitudes and 

feelings about avoiding monetary loss are likely to change over time and be different across 

generations, as well as in other sociodemographic groups (de Bruin, van Putten, van Emden, 

& Strough, 2018). The use of money may not be optimal for young children, since they may 

not have a realistic concept of money. A modification of the replacement of the monetary 

stimulus by points that could be converted into prizes can help. For adolescents, points may 

represent a weaker stimulus than money, which may be closer to social feedback. 
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5. Conclusion  

In summary, we were able to distinguish brain networks linked to contingency-related 

and valence-related cue processing during adolescence. Cues signaling loss avoidance 

contingency were more motivationally salient, improved performance and activated anterior 

insula, midcingulate cortex, ventral striatum, thalamus, posterior parietal cortex, inferior 

parietal cortex, dorsolateral prefrontal cortex, supplementary motor area and primary visual 

cortex. Brain regions specifically linked to differences in cue valence were less apparent but 

positively valenced cues were associated with hyper-activation of ventral striatum, middle 

temporal gyrus and medial orbitofrontal cortex towards the end of the session. Brain networks 

shown previously to be activated by “punishment” cues were not implicated – even when loss 

of money was certain. The EMLI can provide a useful way of distinguishing the role of different 

processes and underlying brain systems in negative reinforcement processing deficits in 

psychopathological conditions. 
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