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Summary 
In the past 20 years, fMRI neurofeedback has become a widely researched method of 

voluntarily altering region-specific brain activation. It has been shown that it can lead 

to both diverse cognitive improvement in healthy participants, as well as to clinical 

improvement in patients with various disorders. Especially the potential of 

neurofeedback to become a future clinical treatment option for different disorders has 

recently gained a lot of interest. Given that clinical neurofeedback is a relatively novel 

method, with a limited, albeit quickly growing body of evidence, the extent and quality 

of the benefits are not clear. Furthermore, the mechanisms leading to these benefits 

remain unclear. The present dissertation therefore aimed at capturing the existing 

proof of clinical benefits and effects and at expanding the knowledge and 

understanding of the neurofeedback mechanisms.  

Chapter 2 explores the currently reported clinical benefits of fMRI neurofeedback 

training, with a specific focus on the quality of reporting and effect size estimation. 

The knowledge gained from this chapter provides evidence of the positive (medium-

sized) effects on clinical symptoms across various disorders, but also highlights some 

much-needed improvement in reporting of the methods and results. Current reports 

use small groups, often lack important comparisons with control groups, and do not 

investigate the essential relation between regulation success and symptom 

improvement. It is also important to note that the studies reported in chapter 2 

include various disorders and different designs, making it difficult to draw specific 

conclusions regarding the effects in individual disorders.    

Chapter 3 focuses on exploring neurofeedback mechanisms with respect to self-

awareness. To better understand how neurofeedback information is processed and 

used for regulation improvement, participants were asked to perform motor imagery 

to two intensity levels across three sessions. Their regulation accuracy and changes 

across sessions were examined. Additionally, participants estimated their achieved 

activation and reported their confidence into their performance prediction after each 

trial. Participants seemed to have used neurofeedback information for regulation 
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improvement, meaning that they more accurately reached the goal target activation 

with training. They also became better at estimating their performance. Interestingly, 

they did not seem to become more confident about their predictions even when they 

were correct. Chapter 3 therefore contributes an important insight into the process of 

regulation learning, mainly showing that participants who are better at regulating, 

also seem to be better at predicting their performance but without concomitant 

increase in confidence. 

Chapter 4 also investigates the underlying mechanisms of neurofeedback, but this 

time on the laminar level. Participants were asked to perform motor imagery and 

mental calculation to two intensity levels, while receiving continuous neurofeedback 

information from SMA. All four participants could up-regulate successfully, with two 

participants reaching significantly different levels of activation. Laminar analysis 

revealed that both tasks activated SMA with a similar activation pattern, showing an 

increased activity towards superficial layers, but with a clear topological 

differentiation; motor imagery showed a preference for caudal and mental calculation 

for rostral parts of SMA. This has important implications for future laminar-based 

neurofeedback studies, showing that, although the two tasks are associated with 

different neural networks, they cannot be used to target different layers within the 

same region.  

Taking these results together, the present dissertation contributes to the field of 

neurofeedback by providing an overview of the currently available evidence of 

neurofeedback effectiveness for clinical applications. Furthermore, it adds important 

insights into the mechanisms of neurofeedback, which illuminate how participants 

use neurofeedback information for regulation learning and how the regulation is 

processed within sub-regions of the selected target area (SMA), including on the 

laminar level.  


