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Development of an experimental paradigm to investigate the effect of 
TMS and cognitive training on executive function in athletes with 
traumatic brain injury (TBI) using a closed-loop approach 
 

Executive functions are high-level cognitive processes that enable individuals to plan, focus attention, 
remember instructions, and juggle multiple tasks successfully. These functions, which include working 
memory, cognitive flexibility, and inhibitory control, are crucial for decision-making and goal-directed 
behavior (Diamond, 2013). In athletes who have sustained traumatic brain injuries (TBI), particularly through 
repetitive concussions, executive functions are frequently impaired. Such impairments can affect daily life, 
manifesting as difficulties in concentration, problem-solving, and dishinibition (Ozga et al., 2018). Recovery 
of executive functions is critical not only for improving cognitive health but also for the overall well-being of 
athletes (Pettemeridou et al., 2020). 

Transcranial magnetic stimulation (TMS), a non-invasive brain stimulation (NIBS; Klomjai) technique, has 
shown potential in enhancing executive functions by modulating neural activity in key brain areas, for 
example the dorsolateral prefrontal cortex (DLPFC) (Tik et al., 2017). The DLPFC is a hub for executive function, 
supporting working memory, inhibitory control, and cognitive flexibility (Miller & Cohen, 2001). 

Combining TMS with cognitive training (CT) may improve executive functions, but more evidence is required 
(Nousia et al., 2021). Cognitive training involves engaging in structured tasks designed to enhance specific 
cognitive domains, fostering neuroplasticity and functional recovery through repetition and adaptation 
(Cicerone et al., 2019). The effect of CT may be enhanced by TMS application. Moreover, by implementing a 
closed-loop system, in which real-time brain activity guides delivery of stimulation, the intervention accounts 
for brain state (Zrenner & Ziemann, 2023) and may therefore be more effective. This project seeks to explore 
the benefits of closed-loop TMS combined with cognitive training to improve executive functions in athletes 
with TBI. 

Assignment 

Your task is to develop an experimental paradigm that integrates closed-loop TMS and cognitive training to 
improve executive functions in athletes with TBI. The intervention should target a relevant brain area, using 
brain-derived measures for real-time feedback to adjust TMS. The behavioral tasks should be chosen to 
challenge and improve executive functions (you can choose specific ones).  
So overall your goal is to enhance executive functions through TMS and cognitive training, with stimulation 
parameters dynamically adjusted based on neurophysiological signals. 

Challenges 

• Combining TMS and cognitive training: Identify optimal TMS parameters (e.g., frequency and 
intensity) that can complement cognitive training to enhance executive function. You will need to 



determine how the type (excitatory, inhibitory), timing and intensity of stimulation might interact 
with cognitive tasks to produce the best outcomes. 

• Choosing cognitive tasks: Selecting appropriate cognitive training tasks is crucial for improving specific 
executive functions. The tasks should be adaptable to the participant’s performance, becoming more 
challenging as their cognitive abilities improve (Zini et al., 2022). 

• Designing the closed-loop system: A closed-loop system relies on real-time, subject-level data to 
adjust TMS parameters dynamically. You will need to select neurophysiological markers, that 
influence the effect of TMS on the brain and at behavioural level. Ensuring that the system can process 
these signals in real time is a key challenge. 
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