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Introduction: Mental Task-based Brain Computer Interfaces (MT-BCI) are still highly unreliable [1], in
part due to suboptimal user training [2,3]. It has been suggested that one possible improvement could
be to include more self-paced sequences into MT-BCI user training protocols [1] i.e., allowing the user
to train on their own terms, thus adapting the mental exercise to their own needs and preferences.
Like many user-centered approaches, providing choice is not a widespread practice on BCI research
[3]. This is sometimes done by letting learners choose to train with some MT out of different motor and
cognitive possible task options [4] and has been experimented on to some extent, in a long-time
self-paced training of a patient [5]. However, a large body of evidence leans towards its beneficial
effects in BCI user training procedures.

Material and method: As it is not common practice, experimental evidence is lacking as to how, when
or why introducing user choices in BCI training would be effective with experienced or novice users. In
the wake of a future experiment, we conducted a literature review to investigate the possible
influences of user choice in different research fields - adult education, cognitive science and
instructional design. We also classified the possible choices by subcategory: self-paced, self-guided,
self-configured.

Results: In the reviewed literature, many learning principles rely on offering options to the learner, e.g.
flow/zone of proximal development [6], goal-oriented learning [7], deliberate practice [8], self-paced
training [9], autonomy [10], inductive reasoning [11], self-directed learning [12]. Accordingly, suitable
learning-related user states in BCI, like intrinsic motivation and sense of agency amongst others, could
be induced by offering choices to the user throughout the training protocol. An overview of possible
user choices and their influence on training is shown in Fig. 1. For example, users could be provided
with the possibility to train the mental task they want either at their own pace or during
window-of-opportunity self-paced ftrials [13]. At a larger level, users might be provided with the
possibility to co-design an exercise (e.g. the feedback or the skill trained) with the option to skip a task
or to redo a task.

Discussion: Including more leeway in training protocols might induce suitable learning-related states to
ultimately improve performances. Future work will formally test some of the presented aspects.

Training principles User states/performance predictors
- Flow/zone of proximal development [6] - Self-paced training [9] S
- Goal-oriented leaming [7] - Autonomy [10] _{ CHOICE }_> e.g. Self-monitoring, Attention, Self-regulation, Intrinsic motivation, Sense
- Deliberate practice [8] - Inductive reasoning [11] of agency, Engagement, Learning
- Self-directed leaming [12]

Subcategories of choice

Self-paced Self-guided Self-configured
Whether and when to send a command? Which command to send now ? With which MT type ? (e.g. motor imagery, mental rotation)
When to start a new training sequence ? How many and which command(s) to train during this training sequence? With which MT istics? (e.g. speed, y ications)
When to switch to the next exercice? How many and which skill(s) to train during this training With which feedback? (e.g. conti discrete, visual, vibrota

Figure 1: As showcased in the boxes on top, training principles based on learning literature provide a framework in which the user state can
be leveraged to improve training outcomes through making choices for themselves. As depicted on the bottom boxes, future research should
evaluate the effect of the presence/quantity/frequency of these different subcategories in the outcomes of BCI training programs.
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