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Introduction

For neuro-adaptive systems, feedback on the
recognized affective and cognitive states is
essential. Users’ acceptance and trust regarding and
their attitude towards a closed-loop human-
machine system are influenced by perceived
accuracy, feedback appropriateness and error

tolerance [1-2]. To investigate how precise neuro-
adaptive systems should be, we explored users’
feedback error tolerance. We continuously
monitored their affective and cognitive states based
on electroencephalographic (EEG) recordings. In
a secondary study, we explored users’ reactions to a
sham feedback that was either legit (consistent with
the task condition) or inappropriate (inconsistent
with the task condition) [3-4].

Study Design

In both studies, participants performed arithmetic tasks
(low working memory load vs. high working memory
load) with concurrent auditory emotional distractions
(low valence, neutral valence, and high valence). Brain
activity was recorded using a wireless dry-electrodes EEG
headset.

Study Procedure

In the preliminary study, participants (n = 8) rated their subjectively perceived affect
and effort after each task.
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In the second study, we showed participants (n = 7) a sham feedback allegedly based
on their brain activity and asked them to optionally correct it according to their own
perception. In 80% of the trials, the feedback corresponded to the experimental
condition (legit); in 20% the feedback was inappropriate.
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Results of the Feedback Study

Regarding behavioral effects of the feedback, participants were significantly more
likely to correct inappropriate feedback regarding cognitive effort, F(1,6) = 30.82,
p < .001, ny? = .84. For the affective state, we observed only a trend, A1,6) = 5.14,
p = .064. No effects of the feedbacks were found on participants’ performances,
that are accuracy and response time, in the subsequent trial.
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To identify differences in the ERPs between the feedback conditions, we used a
cluster-based, non-parametric randomization approach [5]. No significant spatio-
temporal cluster indicating a difference between the legit and inappropriate
feedback was found.
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Discussion

Our study revealed two challenges for adaptive
feedback systems:

1) We observed no significant positive effect of
the legit feedback on participants’
performance. This may be because participants
had low trust in the system and did not perceive it
as reliable and consistent [6]. An alternative
explanation might be that participants did not
perceive it as relevant for solving the arithmetic
task.

2) We observed no difference in feedback-related
potentials (FR Negativity, P300) between the
conditions in the EEG. This might be explained by
low number of trials per condition.

Concluding, our real-time EEG-based feedback
approach contributes to the development of
closed-loop human-machine systems allowing to
recognize users’ states, provide feedback, and
adapt the system parameters to individual
capabilities and demands.
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