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Figure 2: Distribution of p-Values for different regressors. There is a 
considerable number of single-run parameters with p<0.05. Especially the time 
derivative regressor showed a high percentage of significant values. 
Considering the different influence of positive and negative feedback, positive 
feedback has a higher number of significant values for the feedback parameter, 
whereas the time derivative of the negative feedback is more often significant. 

Figure 1: Overview of regressors and feedback schemes. To describe the 
measured activation, the following regressors are convolved with a 
hemodynamic response function and integrated into the general linear model: 
The regulation during the feedback period, the given feedback, and its time 
derivative. For deactivation of the target area positive feedback (happy face) is 
given. If the target area is activated, two different feedback schemes were 
examined: one group received neutral feedback, the second group received 
negative feedback (neutral or sad face). 

MMeetthhooddss  
It is assumed that the additional activation is proportional to 
the magnitude of the shown feedback. An additional 
regressor accounting for this influence is convolved with a 
hemodynamic response function and integrated into the 
general linear model, which is used for the statistical 
evaluation of the fMRI data (Figure 1). To account for a 
possible temporal delay of the reaction, the time derivative of 
the feedback was also added as regressor. In a separated 
approach, the difference between positive and negative 
feedback was examined. Using a linear mixed effects model 
and a cross-validation, the found effects were tested for their 
generalizability.  

PPrroobblleemm  SSttaatteemmeenntt  
Functional magnetic resonance imaging neurofeedback (fMRI-
NF) is a promising therapeutic tool for several neurological and 
psychiatric disorders. In a pilot study of Klöbl et al. [1] 
feedback was given in the form of an emotional stimulus (a 
smiley with changing facial expressions) in order to test the 
most suitable feedback design for future applications. The 
target area in the brain, the subgenual anterior cingulate 
cortex (sgACC) is involved in emotion processing and shows 
pathological change in depressed patients. In this work it is 
investigated whether the perception and processing of the 
emotional feedback leads to an additional activation in the 
target region and whether there is a difference between 
positive and negative feedback. 

	

Figure 3: Activation of the target area corrected for the feedback 
influence. The activation is corrected by subtracting the modelled 
influence of the feedback and its time derivative from the measured 
activation. The difference is only visible during the regulation blocks 
(grey areas) as no feedback was given during the baseline periods 
(white areas). 
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CCoonncclluussiioonn  
The examined effect is highly individual for both subjects and 
measurements and should be treated separately from case to case. In 
neurofeedback studies using emotional feedback, integrating the 
influence of the feedback presentation into the online processing 
algorithm could increase the accuracy of the given feedback and thus 
enhance learning outcomes and therapeutic success (Figure 3).  

RReessuullttss  
At single run level, a significant influence (p<0.05) of both the 
feedback and its change over time was found (Figure 2). 
Positive feedback more often had a significant impact on the 
activation than negative feedback. With regard to the change 
over time, significant results could more often be found with 
negative feedback. At group level, only the change in feedback 
showed a significant influence. In the cross-validation, it was not 
possible to determine generalizability beyond a single run. 
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