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Using neural signals to investigate athlete burnout Using neural signals to investigate athlete burnout 

Abstract Abstract 
Objective: In the present study, we examined the relationships between athlete burnout, brain function, 
and self-assessment of performance, and how these relationships can be quantified using mobile 
electroencephalography (mEEG). Specifically, we performed this study to determine whether mEEG can 
be utilized as an objective measure of athlete burnout. In addition, we sought to determine whether there 
was any relationship between athlete burnout and athlete self-assessment of performance while 
controlling for our neural results. 

Methods: We tested these relationships in a sample of high-performance athletes – whereby we had 
athletes complete an mEEG assessment and also had the athletes complete a questionnaire assessing 
burnout prior to participating in practice. Following practice, athletes were asked to provide a self-
assessment of their performance. 

Results: We found that athlete burnout had a moderate, negative relationship with neural oscillations 
associated with concentration. We also found that athletes with higher self-reported focus had larger 
neural oscillations associated with focus. Further, we also found that higher athlete confidence was 
associated with lower frontal neural oscillations. 

Conclusions: Taken together, our findings suggest that athlete burnout has a negative impact on brain 
function, which may, in turn, affect sports performance. 

Methods: We tested these relationships in a sample of high-performance athletes – whereby we had 
athletes complete an mEEG assessment and also had the athletes complete a questionnaire assessing 
burnout prior to participating in practice. Following practice, athletes were asked to provide a self-
assessment of their performance. 

Results: We found that athlete burnout had a moderate, negative relationship with neural oscillations 
associated with concentration. We also found that athletes with higher self-reported focus had larger 
neural oscillations associated with focus. Further, we also found that higher athlete confidence was 
associated with lower frontal neural oscillations. 

Conclusions: Taken together, our findings suggest that athlete burnout has a negative impact on brain 
function, which may, in turn, affect sports performance. 
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Introduction 

In recent years, it has become clear that cognitive exhaustion caused by repeated 

exposure to a stressor has a negative impact on performance, a phenomenon termed “burnout” 

(Perlman & Hartman, 2016). Importantly, there is evidence of burnout attenuating cognitive 

processes such as executive function, attention, and memory (see Deligkaris et al., 2014 for a 

review). Burnout in athletes is also associated with reduced athletic performance, increased sport 

drop-out (e.g., Gustafsson et al., 2017), and negative mental health outcomes (see Dubuc-

Charbonneau & Durand-Bush, 2015 for a review). These findings highlight a need for further 

research into how burnout impacts athletes and how burnout might modulate direct measures of 

brain function. As sports performance is tied to neural regions of the brain responsible for motor 

control, optimal brain function is essential for successful motor outcomes. Thus, further insight 

into how burnout impacts athlete brain function is important to examine. 

Electroencephalography (EEG), and especially mobile EEG (mEEG) is an excellent tool 

for measuring brain activity and understanding athlete burnout for several reasons. First, mEEG 

has already been validated in terms of comparing results with large array “research” EEG 

systems (Krigolson et al., 2017). Moreover, mEEG has been shown as a means for measuring 

cognitive fatigue across varied, real-world testing sites (n = 1000; Krigolson et al., 2021). These 

two findings suggest that mEEG can provide a valid measure of cognition in settings where 

previously EEG collection might not have been possible, such as before sports practice (see 

below, Pluta et al., 2018). Second, prior work has shown the usefulness of EEG in investigating 

relationships between brain function and athletic performance (e.g., Babiloni et al., 2008). 

Further research has used mEEG to investigate sports performance in baseball players, with 

athletes with lower pre-performance beta oscillations (EEG oscillations between 13 and 30 Hz) 

correlating with higher metrics of batting performance (Pluta et al., 2018). Third, there is 

evidence that EEG can provide a measure of burnout, as workers who were classified as “burnt-

out” exhibited reduced alpha oscillations (EEG oscillations between 8 and 12 Hz) – suggesting a 

link between attentional processes associated with alpha oscillations and burnout levels (e.g., 

Golonka et al., 2019).  

Here we sought to investigate the relationships between athlete burnout, brain function, 

and athlete self-assessments of performance. We collected resting-state mEEG data prior to 

sports practice as a measure of pre-task brain function free from arousal (Barry et al., 2007). We 

examined four different frequency bands of EEG activity: delta oscillations (1 to 3 Hz: 

motivation – Knyazev, 2012), theta oscillations (4 to 7 Hz: concentration – Cavanagh & Frank, 

2014), alpha oscillations (8 to 12 Hz: attention – Klimesch, 2012), and beta oscillations (13 to 30 

Hz: performance monitoring – Engel & Fries, 2010). Our goal was to determine whether athlete 

burnout impacted brain function as evidenced by relationships with the aforementioned EEG 

oscillations. Given the small number of prior investigations using EEG to investigate athlete 

burnout, our primary apriori hypothesis was that burnout would reduce frontal EEG oscillations 

(theta power: Golonka et al., 2008). As a secondary goal, we also investigated whether there 

were any relationships between athlete self-assessment of performance during practice (athlete 

confidence and focus) and EEG oscillations. We investigated athlete self-assessment of 

performance to explore how burnout-related changes to EEG oscillations might impact athlete 

performance. Thus, the present work uses mEEG as an objective method to examine the 

relationship between athlete burnout and brain function. Furthermore, we hoped to determine 

whether there was a relationship between self-assessment of performance and EEG oscillations 

1

R. Hammerstrom et al.: (EEG and Athlete Burnout)

Published by NSUWorks, 2021



to provide evidence for the use of mEEG as a tool for athletes and coaches to monitor brain 

function. 

Methods 

Participants 

We tested 52 amateur athletes (42 male, 10 female) prior to practice, collected from a 

sports training center (Victoria, B.C., Canada). Due to a collection oversight, the ages of 

participants were not recorded – however, all were university-age athletes. Our sample consisted 

of 47 baseball players, three basketball players, one weightlifter, and one rugby player. Given the 

small sample sizes of some of the athlete categories, we collapsed across all athlete groups for 

the analysis. Prior to data collection, athletes provided written, informed consent. The University 

of Victoria Human Research Ethics Board approved all experimental procedures (Ethics Protocol 

Number: 16-428). 

Materials and Procedures 

Pre-practice evaluations 

Prior to practicing for their respective sport, athletes were given the Athlete Burnout 

Questionnaire (ABQ), which consists of 15 questions that assess athlete burnout (Raedeke & 

Smith, 2001). For each question, athletes ranked themselves on a scale from 1 (almost never)  to 

5 (almost always). Higher scores indicate greater levels of burnout, with the lowest possible 

score being 15 (no burnout) and the highest possible score being 75 (high levels of burnout).  

EEG data collection 

Following the completion of the ABQ, resting-state EEG data were collected from 

each athlete prior to practice. The EEG system utilized for data collection is a dry-

electrode mobile Cognionics EEG system (Marini et al., 2019), a mobile system that uses 

two frontal channels (AF7 and AF8) and two posterior channels (TP9 and TP10) in 

addition to a reference channel and a ground channel. Both the reference and the ground 

were placed in the middle of each subject’s forehead, with the ground placed above the 

eyebrows and the reference placed above the ground. EEG data were recorded for two 

minutes with the athlete's eyes open, followed by two minutes of eyes-closed EEG data. 

Participants were instructed to avoid blinking as much as possible. In the present work, 

we restricted our analysis to the eyes-open EEG data only given the potential bias of 

enhanced EEG alpha oscillations when someone’s eyes are closed.  

Post-practice evaluation 

Following practice, athletes were then given a second questionnaire which asked how 

they had performed during practice. For each question, athletes were asked to rank themselves on 

a scale of 1 to 5, with 1 being “Very Weak” and 5 being “Very Strong’. Of the post-practice 

questions, two were shown to have significant correlations with the EEG data: “How focused did 

you feel today?” and “How confident did you feel today?”.  

Data Preprocessing 

 EEG data were pre-processed in MATLAB using custom-written scripts adapted from 

EEGLAB (Delorme & Makeig, 2004). Data were sampled at 500 Hz using a Bluetooth 

connection between the Cognionics device and an Apple iPad running the PEER app (Brain 
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Wave Software, Victoria, BC). Pre-processing of the EEG involved the application of a 

Butterworth filter with a high-pass parameter of 1 Hz and a low-pass parameter of 30 Hz, 

alongside a 60 Hz notch filter. The EEG data were then segmented into 1000 ms epochs, with 

900 ms of overlap. An automatic artifact rejection algorithm was performed on each epoch of 

EEG data using a difference of 100 𝜇𝑉, and any segments containing artifacts were removed 

(Luck, 2014). The two frontal channels (AF7, AF8) were pooled together, and the two posterior 

channels (TP9, TP10) were also pooled as we did not anticipate any differences in lateralized 

brain activity. Any channel with greater than 30% of its data affected by artifacts prior to pooling 

was removed entirely. A Fast-Fourier Transformation was then conducted on each epoch of the 

EEG data to extract frequencies between 1 and 30 Hz for each participant. Following this, we 

computed the average spectral power for each frequency band of interest: delta (1 to 3 Hz), theta 

(4 to 7 Hz), alpha (8 to 12 Hz), and beta (13 to 30 Hz) for each participant. 

Data Analysis 

We sought to investigate the relationship between athlete brain function, burnout, and 

performance. We calculated Pearson correlations between EEG data and ABQ scores. As the 

post-practice responses were ordinal variables, we instead calculated Spearman correlations 

between EEG data and those responses. Data were tested for normality, and non-normal data 

were corrected using a logarithmic transformation. For outlier removal (set a-priori), we 

visualized Cook’s distance for each correlation and any participant that had multiple (n > 2) EEG 

values with a Cook’s distance greater than 
4 

52
 were removed. Boxplots were used to confirm the 

Cook’s distance findings. Using this outlier approach, we removed two participants, giving a 

final sample of 50 participants. All statistical analyses were conducted in R (version 4.2.0, R 

Team), we used 𝛼 =  .05 and calculated mean and 95% confidence intervals for survey 

responses. 

Results 
 

The average score on the ABQ was 26.3 (95% CI [24.3, 28.3], Range: 14.0, 42.0). In 

terms of athlete confidence, the average score was 3.4 (95% CI [3.2, 3.4], Range: 1.0 ,5.0). In 

terms of athlete focus, the average score was 3.6 (95% CI [3.3, 3.8], Range: 1.0, 5.0).  

 Importantly, we found that athlete burnout was negatively correlated with frontal EEG 

bands. For frontal EEG amplitudes, we found that delta amplitude (r(48) = -.33, p = .02), theta 

amplitude (r(48) = -.42, p = .002) and beta amplitude (r(48) = -.30, p = .03) were all moderately, 

negatively correlated with ABQ scores. These correlations thus show a negative relationship 

between higher levels of athlete burnout and brain function. 

 When examining the athletes' self-assessment responses, we found that athlete focus 

scores were positively correlated with posterior theta amplitude (r(48) = .31, p = .03) and 

posterior alpha amplitude (r(48) = .33, p = .01). In contrast, self-reported athlete confidence was 

found to have a negative correlation with frontal theta amplitude (r(48) = -.30, p = .04).   

Discussion 

Our findings provide novel evidence that athlete burnout is related to changes in brain 

function. Importantly, our work demonstrates for the first time the utility of using mEEG to 

investigate burnout in more varied research environments, specifically in athletes. Athletes with 

higher burnout scores had reduced cognitive control, evidenced by reductions in beta and theta 
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oscillations (Cavanagh & Frank, 2014; Engel & Fries, 2010). Further, burnt-out athletes 

exhibited decreased motivation (reduced delta oscillations; Knyazev, 2012). These results are in 

line with previous work examining detriments to executive function caused by job burnout and 

extend these findings to athletes (Deligkaris et al., 2014). Of particular interest is how burnout-

related changes in brain function may also bring about detriments in sports performance. For 

example, decreased theta oscillations are associated with reduced basketball free-throw 

performance (Chuang et al., 2013).  

To investigate the relationship between EEG oscillations and performance, we examined 

how EEG power was related to self-assessments of performance. We found that parietal theta 

oscillations were positively related to focus, extending prior work showing that parietal theta 

oscillations reflect the coupling of attentional networks tied to cognitive control (Sauseng et al., 

2008). In addition, given the close links between parietal and frontal theta oscillations, these 

findings indicate a possible mechanism through which athlete burnout might reduce theta 

oscillations and thereby impact athlete performance – although we stress that future research is 

needed to prove this assertion. Parietal alpha oscillations were also positively related to focus, in-

line with results showing greater parietal alpha power during tasks requiring focused attention 

(Benedek et al., 2014). However, the amplitude of frontal theta oscillations was negatively 

correlated with confidence, suggesting greater confidence is associated with worse cognitive 

control. Interestingly, higher confidence has been shown to be associated with less burnout 

(Kjørmo & Halvard, 2002), and thus our result could suggest that the relationship between 

cognitive control, confidence, and athlete burnout may not be linear but instead more complex. 

Nonetheless, our results provide evidence of the relationships between athlete brain function and 

resulting performance and highlight one possible mechanism for how athlete burnout changes 

performance.  
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Figure 1. (A) Athlete burnout scores and FFT power & (B) Self-assessment scores and FFT 

power. Note: * = significant at .05, ** = significant at .01. 
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