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Motivation and SMR-BCI: 

Fear of Failure Affects BCI Performance 
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Abstract. Components of motivation have been shown to affect performance when using a Brain-Computer Interface 

(BCI) based on sensorimotor rhythms (SMR). However, usually reported results are based on relatively small sample 

sizes of healthy adults. Therefore, neither conclusions about motivation effects on BCI performance in larger 

samples nor in clinical samples can be drawn. In this study we correlated the subjective ratings of motivation of 

N = 51 healthy participants and N = 11 stroke patients with their SMR BCI performance and found that 

incompetence fear or fear of failure was significantly related to lower performance.  
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1. Introduction 

Psychological variables, such as motivation do have an effect on BCI performance as shown by Nijboer and 

colleagues (2008) who found the motivation components incompetence fear and mastery confidence to be related to 

BCI performance in a relatively small sample of 16 healthy participants when using an auditory SMR BCI. We were 

interested in (1) whether we could replicate this result in a larger sample and (2) whether it transfers to motor-

impaired end-users as suggested by Nijboer and colleagues (2010). To address these questions, we quantitatively 

assessed components of motivation in healthy subjects and in a sample of stroke patients before BCI training.  

2. Material and Methods 

We included N = 51 healthy participants, all naïve to BCI training prior to this study. Mean age was 24.29 

(SD = 3.81, range 18 to 36, N = 24 participants were female). The clinical sample consisted of N=11 stroke patients 

with mean age of 60.00 (SD = 9.47, range 41 to 75, N = 4 participants were female, N = 5 with left hemispheric and 

N = 6 with right hemispheric lesion). 

For motivation measurement prior to the training sessions, the Questionnaire for Current Motivation in BCI was 

used, which assesses the four components mastery confidence, incompetence fear, challenge and interest [Nijboer et 

al, 2008]. Once before every session, we also measured motivation on a visual analogue scale (VAS) ranging from 0 

to 10 (0 = ’extremely unmotivated’ to 10 = ’extremely motivated’). For using the SMR CI, healthy participants 

were instructed to imagine movement with either the left or the right hand. Modulation of SMR was either fed back 

online by means of cursor movement or knowledge of result was provided at the end of a trial. In stroke patient 

motor imagery was contrasted against a rest condition. While for the healthy participants our results are based on one 

session including 300 trials of 4 seconds duration each, stroke patients finalized between 5 and 12 sessions each 

including between 80 and 120 trials of 4 seconds duration. 

3. Results 

Overall, participants’ average accuracy was 71.06% (SD = 14.44, range: 46.0%-95.0%) in their first session. The 

R
2 

values were on average M = .25 (SD = .21, range: .01-.70). Spearman’s rho revealed a significant positive 

correlation between accuracy and interest (ρ = .53, p < .001, see Fig. 1) and a negative correlation between accuracy 

and incompetence fear (ρ = -.43, p < .01, see Fig. 1). The QCM-BCI values were measured once prior to testing. 

Overall, patients’ average accuracy ranged between 77.90% (SD = 20.32 in N = 11 patients) in session 1 and 

52.60% (SD = 27.08 in N = 3 patients) in session 8. Spearman’s rho revealed a significant positive correlation 

between mastery confidence and performance (ρ = .80, p < .05) and between challenge and performance (ρ = .83, 

p< .05) for the whole patient sample in session 8. 
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Figure 1. The correlations between QCM-BCI scales Interest and Incompetence Fear and percent accuracy in healthy 

subjects. 

When investigating individual patients, we found significant correlations between motivation components and 

BCI performance in three patients. In patient A we found a negative correlation between incompetence fear and 

performance (ρ = -.61, p < .05, see Fig. 2) and in patient B a significant positive correlation between interest and 

performance (ρ = .62, p < .05). For patient C we found significant positive correlations between the VAS motivation 

values and performance (ρ = .73, p < .01, see Fig. 2), mastery confidence and performance (ρ = .70, p < .05) as well 

as a negative correlation between incompetence fear and performance (ρ = -.68, p < .05). For patient D we found a 

significant positive correlation between incompetence fear and performance (ρ = .68, p < .05, see Fig. 2). 

 
Figure 2. The correlations between QCM-BCI motivation components and VAS motivation values with percent accuracy for 

three stroke patients. Every circle indicates one session’s accuracy and incompetence fear value.  

4. Discussion 

In a sample of healthy participants and a sample of stroke patients, we could successfully replicate the relation 

between motivation components and BCI performance. Several components of motivation and also the VAS 

motivation were related to BCI performance. The most consistent result was that incompetence fear affected 

performance in healthy participants and stroke patients alike. To estimate relevance of this effect of motivation on 

SMR-BCI performance, the clinical sample size will be increased. We recommend monitoring of motivation when 

applying BCIs in patients, because it could contribute to inter- and intra-individual fluctuations of performance.  
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