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With training in visually guided motor tasks, subjects may get faster in all conditions, but not necessarily more precise. Condition specific speed-accuracy trade-offs in individual performance data may show, for example, high precision scores and steep learning curves for both time and precision in subjects who privilege accuracy over speed and consistently poor precision scores in all training sessions and no no sign of stable precision learning in subjects who privilege speed and are able to produce remarkable temporal learning curves quite fast in only a few sessions. Such findings have direct implications for individual skill monitoring when training human subjects in motor performance tasks: "faster" performance does not necessarily imply "better" performance.

Introduction

Conditional accuracy trade-offs occur spontaneously when novices train to perform a motor task as swiftly and as precisely as possible in a limited number of sessions [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF]Batmaz, de Mathelin and Dresp-Langley, 2016 a, b). Conditional accuracy functions relate the duration of trial or task execution to a precision index reflecting the accuracy of the performance under conditions given [START_REF] Ollmann | Choice reaction time and the problem of distinguishing task effects from strategy effects[END_REF][START_REF] Luce | Response times: Their role in inferring elementary mental organization[END_REF]. This relationship between speed and precision reflects hidden functional aspects of learning, and delivers important information about individual strategies the learner, especially if he/she is a beginner, is not necessarily aware of (Meyer, Irwin, Osman, and Kounios,1988). For the tutor or skill evaluator, performance trade-offs allow assessing whether a trainee is getting better at the task at hand, or whether he/she is simply getting faster without getting more precise, for example. The tutor's awareness of this kind of individual strategy problem permits intervention if necessary in the earliest phases of learning, and is essential for effective skill monitoring and for making sure that the trainee will progress in the right direction. Trade-offs between task execution times and precision are specific for each individual and can be expected to occur spontaneously (e.g. [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF] in training conditions run without external feed-back on performance scores.

Individual data of trainees are analyzed to bring such trade-offs to the fore and to generate conclusions relative to individual strategies. Implications for skill evaluation and supervised versus unsupervised motor skill training will be made clear.

Methods

Untrained observers learned to perform the manual operations on an experimental simulator platform specifically designed for this purpose. Tracking of individual execution times (milliseconds) and task accuracy (pixels) is computer controlled

Subjects

Healthy right-handed men and women with normal visual capacity.

Procedure

Participants are comfortably seated at a distance of approximately 75cm from the action field in front of them. The motor task is a "pick-and-place" sequence from position zero to position "arrival", and subjects are instructed to position a small cube with their dominant hand "as precisely as possible and as swiftly as possible on the center of each of several successive targets in a specific order. Motor performance is guided by direct action viewing and 2D camera viewed action and the task is executed with the bare right hand and with a tool (separate sessions in counterbalanced order).

Results

Comparison between speed and precision data recorded for different individuals show that some subjects may start very slowly, others noticeably faster. Here, the slowest of all starts with the best performance in precision (Fig. 1). The fastest fails getting more precise at the task, precision does not evolve, but varies considerably in all the training sessions, with the highest standard errors (Fig. 2). Fig. 1) Fig. 2)

Discussion

High-level action intentions (e.g. [START_REF] Bonnet | Investigations of sensory magnitude and perceptual processing with reaction times[END_REF] and visual consciousness [START_REF] Dresp-Langley | A plastic temporal code for conscious state generation in the brain[END_REF][START_REF] Dresp-Langley | Does consciousness exist independently of present time and present time independently of consciousness[END_REF] are closely linked to psychological factors such as response strategy preferences. Such were deliberately not controlled or selectively manipulated (no performance feed-back of any sort was given) in our experiment.

"Natural" variations in high-level action intentions are therefore the most likely source of the inter-individual differences in the performances observed here. These typically occur spontaneously during training, are independent of low-levels task constraints, and reflect individual goal setting strategies predicted decades ago by results from seminal work in the field (e.g. [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF] and consistent with current neurophysiological models involving top-down decision control by the frontal lobe (e.g. [START_REF] Schall | Monitoring and control of action by the frontal lobes[END_REF].

Strategy differences are reflected by specific trade-offs between speed of task execution and the precision with which the object is placed on the targets. As predicted, these tradeoffs occur spontaneously and without performance feed-back (e.g. [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF]. The observations lead to understand why monitoring only execution times for learning curve analysis in motor tasks is not a viable option. Some trainees may get faster, but not necessarily better in the task, as shown here. Neglecting the functional relationship between the time and the precision of task execution is likely to have a cost. Individuals start the training sessions with different goals on their minds. Some place their effort on performing the object positioning task as fast as possible while others place their effort on being as precise as possible. The conditional performance curves reveal that the choice to privilege one strategy goal (either speed or precision) at the beginning has measurable consequences on the individual performance evolution at further stages of training.

Experimental studies (e.g. [START_REF] Dresp | The effect of practice on the visual detection of near-threshold lines[END_REF][START_REF] Dresp | Asymmetrical contrast effects induced by luminance and colour configurations[END_REF][START_REF] Dresp | Long-range spatial integration across contrast signs: a probabilistic mechanism[END_REF] have proposed procedures for controlling a trainee's speed-accuracy trade-off in tasks where both time and precision matter critically. These procedures either aim at selectively rewarding either speed or precision during learning (e.g. [START_REF] Luce | Response times: Their role in inferring elementary mental organization[END_REF]; for a more recent review see [START_REF] Schall | Monitoring and control of action by the frontal lobes[END_REF]. This can be achieved by providing adequate feed-back to the trainee, especially in the first training sessions.

Making sure that the trainee gets as precise as possible before getting faster should be a priority in surgical simulator training. This can be achieved by instructing him/her to privilege accuracy rather than speed. Execution times then become faster automatically with training. Once a desired level of precision is reached by a trainee, time deadlines for task execution can be introduced, and progressively reduced during further training, to ensure the trainee will get as fast as possible without losing precision (e. g. [START_REF] Bonnet | Psychophysical approaches, contextual effects, and response bias[END_REF][START_REF] Bonnet | A fast procedure for studying conditional accuracy functions[END_REF]. A major goal identified in recent analyses (Gallagher and O'Sullivan, 2011) is to ensure that the experimental evaluation of skills is not subject to the development of a single observer bias over time, as may easily be the case in fully automated (unsupervised) skill rating procedures. Yet, these represent economy in manpower and are therefore likely to become the adopted standard, which will result in trainees not being coached individually and receiving no proper guidance on how to optimize their learning strategies. Supervised learning in small groups, in training loops with regular and adaptive skill assessment, as shown here in Figure 12, represents a better and not necessarily more costly alternative in the light of the findings reported here, especially in procedures where reliable performance standards need to be established and adhered to.

Conclusions

Speed-accuracy trade-offs reflect cognitive strategy variations that need to be monitored individually to ensure effective skill learning. Collecting only time data to establish learning curves is not an option, as getting faster does not straightforwardly imply getting better at the task. Training procedures should include skill evaluation by expert psychologists and procedures for the adaptive control of speed-accuracy trade-offs in the performances of novices. Conditional performance curves for the "fast" participant.
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