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Knowledge valorization 
Introduction 

Science has always, directly or indirectly, impacted society. Discovering fundamental 

agriculture techniques helped the nomadic tribes settle down and form first villages. 

The engineers of the Roman aqueducts discovered a way to provide fresh water to 

cities and towns. In only a couple of centuries, electricity and medicine improved 

people’s lives in countless ways. Importantly, these developments did not happen 

with one single experiment and were often discovered by pure coincidence. Small 

discoveries aided the development of the various scientific fields by being the base for 

other discoveries, which eventually meaningfully impacted society.  

The present thesis can be seen in a similar way. The knowledge presented here, but 

also communicated through scientific articles and presented at various scientific 

conferences, is first and foremost informative for other fMRI neurofeedback 

researchers. Its main purpose is to contribute new insights to the pre-existing general 

knowledge of the field and aid understanding and further investigations.  

Main objectives and results 

In chapter 2, the existing evidence of clinical benefits was presented after 

summarizing all fMRI neurofeedback studies in clinical populations published before 

November 2019. The results of the studies were in general encouraging. Multiple 

studies not only showed that participants could use neurofeedback to learn how to 

regulate their brain activity, but also reported corresponding clinical symptom 

improvements. Furthermore, none of the studies showed negative, adverse effects. 

Some clear limitations were nevertheless found. Neurofeedback effects have already 

been investigated in a wide variety of clinical applications, but the number of studies 

per disorder was scarce and the presented studies usually included just a handful of 

participants, which is too little to show robust effects. Larger, well-controlled studies 

are therefore needed to replicate and confirm the results of these smaller, often 

piloting studies. 
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Results across different studies and applications from chapter 2 varied, with certain 

disorders (such as depression) showing more evidence and stronger effects than 

others. This could be due to the limited number of studies and recruited participants, 

but also due to the inconsistent impact in individual participants regardless of the 

disorder. Indeed, one of the main questions in the field is why neurofeedback training 

seems to work so well in some participants, but not at all in others. Chapter 3 therefore 

addresses one of the potential factors that might influence performance: self-

awareness. Neurofeedback performance was combined with reports of self-evaluated 

performance predictions and prediction confidence. The results showed that 

participants do become better at regulating their brain activity and estimating their 

performance through neurofeedback training, but they do not become more 

confident in their predictions. We also showed that the participants who were better 

at predicting their performance also tended to perform better during the regulation 

task. This implies that self-awareness, monitoring and altering of their performance 

during the task leads to better performance, which is an important addition to the 

general understanding of how neurofeedback information is processed and used 

during regulation. Expanding this research in the future could also help predict which 

participants or patients might respond well to neurofeedback training, therefore 

providing an essential information for real-life clinical applications that is currently 

lacking. 

Finally, chapter 4 explored how the brain regulates the activity in a certain region 

depending on a task. Participants were asked to perform motor imagery and mental 

calculation while receiving neurofeedback information from supplementary motor 

area (SMA). Although the two tasks engage different networks of brain regions, they 

both activated the superficial layers of the selected region, but with clear topological 

preference. The results provide first insights into the source of neurofeedback 

information within SMA, but also shed some light on working mechanisms and 

connections of the region. The outcome is particularly interesting in combination 

with the results of chapter 3, since both studies targeted the same region and used 

motor imagery as a task. Furthermore, chapter 4 also showed that laminar-based 

neurofeedback study could be possible using either of the two tasks, with the 
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neurofeedback information being provided from the superficial layers. It is, on the 

other hand, currently not possible to use the two tasks to target different networks by 

selecting different layers of the same SMA sub-region.  

Relevance and Short-term impact 

As a standard part of our work, researchers tend to focus on answering very specific 

questions, which makes keeping track of the more general picture and progress made 

in the field an interesting challenge. Chapter 2 therefore collects all the currently 

reported results of clinical applications in the field in order to aid neurofeedback 

researchers to better estimate how much, of what quality, and what type of 

neurofeedback-related benefits have already been reported. It hopefully also 

encourages more detailed reporting of their own study designs and results, following 

the latest standards in conducting and reporting of neurofeedback studies, which 

would help to better evaluate the success of neurofeedback training in the future. 

Additionally, this chapter might be of interest to clinicians and general public. Both 

can gain knowledge about the potential benefits of fMRI neurofeedback, but also 

about the current state of the field in order to build realistic expectations about the 

future clinical impact.  

Importantly, chapter 2 played an important role also in bringing fMRI neurofeedback 

closer to real-life medical applications. The data collection for this chapter was 

initiated as a part of the required clinical evaluation for a medical device certification 

process. Although the chapter presents a wider scope of applications, the insights 

specific to depression were later used to develop and register a medical device called 

Turbo-BrainVoyagerMED (TBVMED) (BrainInnovation B.V., Maastricht, The Netherlands) 

which simplifies procedures and provides consistency in clinical trials using fMRI 

neurofeedback for the treatment of depressive symptoms. TBVMED is the first such 

device on the market and is already in use. The medical device itself and the results of 

the trial will therefore hopefully bring neurofeedback one step closer to becoming a 

standard treatment option in the clinical environment.   

Chapter 3 is relevant for researchers interested in understanding how participants 

perceive their own performance and how they learn to use both neurofeedback 
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information and their own perception to further improve their regulation. This could 

also have important implications for future research. Finding and better 

understanding the source of performance differences would hopefully lead to more 

reliable performance of neurofeedback training in patient populations. One potential 

option is that the tasks or instructions would become better adapted to individuals to 

reach their potential. On the other hand, understanding the differences between 

performers and non-performers could guide and define future treatment-relevant 

stratifications. In clinical populations this would for example mean that a certain 

subpopulation with a specific set of symptoms or personality traits would be targeted 

with this type of treatment, ensuring reliable and meaningful results. Defining 

subpopulations would save time and resources, but also avoid potential frustration 

due to unsatisfactory results in subpopulations which would not be expected to 

respond well to neurofeedback treatment. Furthermore, since this chapter adds new 

insights to the field of self-awareness, it might also be of interest to a wider 

neuroscientific audience, mainly researchers in the field of metacognition.   

Finally, chapter 4 aims to understand where the neurofeedback information and the 

regulation itself are processed within a region. The knowledge gained in this chapter 

is important especially for researchers who are interested in different types of 

connections and in fundamental aspects of neurofeedback, but also for other 

researchers exploring laminar profiles with fMRI or to researchers more generally 

interested in the motor cortex, motor imagery, and/or mental calculation.  

Finally, by laying the foundation for future laminar-based neurofeedback studies, 

especially chapter 4 aims at further developing the field by pushing the current 

boundaries of what is possible in fMRI neurofeedback research. This includes laminar-

specific knowledge, but also the acquisition and analysis pipelines necessary to 

perform laminar-based studies in real time. Such studies could aim at very specific 

interregional connections instead of a full task- or symptom-related network, 

therefore providing more region- or symptom-specific applications.   
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Long-term impact, future outlook, and our 
responsibility as researchers 

Within the field of fMRI neurofeedback, the present work contributes to the further 

development of the field by exploring the effects and mechanisms of neurofeedback 

training. Although the knowledge gathered in the empirical chapters 3 and 4 of this 

thesis includes healthy participants and aims to address more fundamental questions, 

its main long-term goal lies in paving the necessary road and providing essential 

information to hopefully make fMRI neurofeedback a standard clinical tool in the 

future. Using the presented information in combination with the pre-existing 

knowledge and the insights of future research will in turn hopefully not only aid the 

scientific community, but also the general public.  

New insights, techniques and developments in the field of fMRI neurofeedback should 

and already do go towards clinical applications not just in theory, but also in practice - 

but not at any cost. Neurofeedback mechanisms should be well understood, and the 

effects should be carefully examined and confirmed. In order to prevent any harm and 

to ensure meaningful outcomes, rigid clinical testing in the form of clinical trials 

should be performed. Only then, neurofeedback could be widely used.  

The results of the initial clinical trials are already published, and a growing number of 

new trials are registered. Importantly, clinical trials consist of different phases, each 

testing different aspects, such as safety and dosage. The currently registered trials 

mainly represent the initial phases and are therefore only the beginning of the 

necessary process we need to establish the effectiveness of neurofeedback for 

individual disorders. It is very likely that in the future, neurofeedback could become a 

treatment option for just some, but not all investigated disorders. It is also possible 

that further limitations will be posed in terms of who is a suitable candidate, by 

systematically investigating which patient subpopulations of which disorder respond 

to the treatment. 

To provide neurofeedback as a standard treatment option to a wide population, the 

acquisition and analysis steps have to be sufficiently standardized, and clinicians or 

personnel trained. Without the necessary research, regulations and qualification of 
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the professionals, neurofeedback can provide suboptimal results or overpromise the 

end results. Neurofeedback can in turn quickly obtain a bad reputation, which could 

not only potentially harm the customers (e.g., monetarily), but also hurt the field itself 

by losing the trust of the wider society. Making sure that the effects and procedures 

are thoroughly investigated, reported, and standardized before (potentially) 

popularizing neurofeedback is therefore one of the main priorities and contributions 

of the researchers.  

Once these conditions are fulfilled, and provided that future clinical trials confirm the 

clinical benefits of fMRI neurofeedback, neurofeedback can become an additional 

treatment option for various mental disorders. Only then, the society would benefit 

from the present research and its contribution to the field. These benefits include 

decreasing the general burden of different disorders, but more importantly, the 

general quality of life for the treated patients would improve, and potentially positively 

affect their security in terms of employment and finance.  

Conclusion 

In summary, the present dissertation offers an important contribution to the field of 

fMRI neurofeedback by providing an overview of concrete level of clinical benefit 

evidence, but also by shedding some light on the underlying mechanisms. The results 

should therefore aid future research in developing an effective and robust alternative 

treatment for different disorders.  

  


