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COMPARISON BETWEEN PRISM AND OTHER ADAPTATION PARADIGMS Do prism and other adaptation paradigms really measure the same processes?
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Sensorimotor plasticity allows the nervous system to set up appropriate motor and sensory compensations when individuals face changing demands in a given motor task. A muchdebated question in neuroscience research is the identification of processes that encompass this capacity of plasticity. Prism adaptation is the oldest experimental paradigm that has been used to achieve this goal (Helmholtz, 1867). Since 1990's, other paradigms have emerged such as visuomotor rotations or dynamical perturbations (inertial Coriolis forces, velocitydependent force-field).

We compared these paradigms with respect to three specific methodological features: application of the perturbation, after-effects, and generalization. This work aimed to shed light on the following central issue: Do all these paradigms involve similar processes? We used generalization properties -a relevant feature associated with the credit assignment problem-to emphasize the involvement of different processes in "adaptation" paradigms. We therefore classified these processes based on the context specificity of elicited transformations.

This review reveals that the processes involved are closely linked to paradigm-related experimental conditions. Context-independent processes appear to be favored when errors are attributed to our own sensorimotor performance (prism, Coriolis) whereas contextdependent processes appear to be mostly mediated by attribution of errors to a specific external interface (visuomotor rotation, force-field). This work encourages researchers to consider the methodological aspects specific to each paradigm for future investigations of sensorimotor plasticity.

Introduction

Humans are remarkably able to produce a variety of accurate motor behaviors despite constantly changing demands. This capacity includes the ability to modify a known behavior to face new conditions (for example, reaching underwater, through magnifying glasses or under a reduced gravitational field). It also includes the ability to acquire a new motor behavior (for example riding a bicycle). A much-debated question in neurosciences research is to identify the processes that encompass this capacity of plasticity.

Recently, several reviews have focused on the classification of these adaptive processes using various terms to describe them, such as sensorimotor learning , motor adaptation [START_REF] Bastian | Understanding sensorimotor adaptation and learning for rehabilitation[END_REF][START_REF] Kitago | Motor learning principles for neurorehabilitation[END_REF]Krakauer & Mazzoni, 2011), motor learning [START_REF] Bastian | Understanding sensorimotor adaptation and learning for rehabilitation[END_REF][START_REF] Kitago | Motor learning principles for neurorehabilitation[END_REF], skill learning [START_REF] Kitago | Motor learning principles for neurorehabilitation[END_REF][START_REF] Makino | Circuit Mechanisms of Sensorimotor Learning[END_REF], skill acquisition [START_REF] Kitago | Motor learning principles for neurorehabilitation[END_REF], sensory perceptual learning [START_REF] Bedford | Perceptual and cognitive spatial learning[END_REF][START_REF] Makino | Circuit Mechanisms of Sensorimotor Learning[END_REF], sensorimotor associative learning [START_REF] Makino | Circuit Mechanisms of Sensorimotor Learning[END_REF], etc.

Despite the use of varying definitions and terms, these reviews share a couple of key features and refer to two main notions: "adaptation" and "learning". Unfortunately, these terms are often used interchangeably and without precision. However, several attempts of definitions have been proposed. For [START_REF] Bastian | Understanding sensorimotor adaptation and learning for rehabilitation[END_REF], "adaptation" broadly refers to the modification of a pre-existing pattern in response to altered conditions. "Learning" is the acquisition of a new motor program or skill. In addition, Bastian suggests that "adaptation" must imply "after-effects". This means that participants cannot retrieve their prior behavior once adapted, unless they de-adapt. On the other hand, "learning" is associated with the possibility to store the new movement pattern, so it becomes immediately available in the appropriate context. These characteristics may imply differences concerning the context specificity of elicited transformations. In fact, as an adjustment of the sensorimotor system to new conditions, the consequences of adaptation should apply to different movements performed by the subject. Thus, it would not be limited to the target and conditions that were practiced during exposure to the perturbation, but should extend across space [START_REF] Bedford | Perceptual and cognitive spatial learning[END_REF][START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF][START_REF] Torres-Oviedo | Natural error patterns enable transfer of motor learning to novel contexts[END_REF]. Conversely, learning would be highly contextual. As such, learning would not extend to other types of action toward the environment or to other experimental conditions, as long as these conditions are completely different from those experienced during the learning session (e.g. learning to smash in tennis should not interfere with the ability of riding a bicycle) [START_REF] Wolpert | Motor learning[END_REF]. Obviously, adaptation may also be context-dependent and learning a skill such as riding a bicycle is known to generalize to other types of bicycles [START_REF] Braun | Motor task variation induces structural learning[END_REF]. Thus, the classification between adaptation and learning might be confusing.

Generalization properties appear to be particularly interesting and meaningful in order to question the processes involved during adaptation paradigms. In fact, patterns of generalization provide clues about the nature of representational transformations set up by the nervous system to face a given perturbation [START_REF] Poggio | Generalization in vision and motor control[END_REF]Taylor & Ivry, 2013).

Additionally, the possibility to transfer compensations acquired to other conditions might be useful in the field of neurorehabilitation. Therapists aim to design strategies that allow patients to reinvest compensations acquired during rehabilitation in other daily life situations.

As such, disentangling the processes through their context-dependency should be of great practical interest. Taylor and Ivry (2013) defined the context by the layout of the target locations. More globally, the context could refer to the whole characteristics of the task performed by the subject during behavioral transformations. It therefore comprises environmental characteristics (e.g., layout of the targets locations, apparatus and settings, instructions) but also individual characteristics (e.g. postural configuration, effectors). As such, context-dependent process implies transformations that are specific to the context in which they emerged (i.e. the perturbation/exposure context). Context-independent process entails compensations that are transferable to other conditions, beyond the exposure context.

The oldest paradigm used to explore sensorimotor plasticity is the use of prism goggles to laterally shift the visual field (von Helmholtz, 1867). When a subject wearing prisms points quickly to a near object, he/she initially points to the prism-displaced image of the object, experiencing a pointing error. After tens of pointing attempts, the pointing error is gradually reduced close to zero. This experiment simply depicts the short-term plasticity of the central nervous system (CNS), which allows to adapt to changes in the relationships between visual inputs and corresponding motor outputs (for a review, see [START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF].

Numerous other "adaptation" paradigms have been used to investigate the compensations set up in response to altered conditions. Among them, dynamical perturbations (either contactless Coriolis forces or force-field) and visuomotor rotation paradigms are the most commonly used. In contactless Coriolis force-field experiments, participants are required to perform reaching movements while sitting on a rotating chair [START_REF] Coello | Pointing movement in an artificial perturbing inertial field: a prospective paradigm for motor control study[END_REF][START_REF] Lackner | Rapid adaptation to Coriolis force perturbations of arm trajectory[END_REF][START_REF] Lackner | Adaptation to Coriolis Force Perturbation of Movement Trajectory[END_REF]. In force-field experiments, a manipulandum produces dynamic forces on the hand while subjects are performing reaching movement toward visual targets with this robotic arm [START_REF] Shadmehr | Adaptive representation of dynamics during learning of a motor task[END_REF]. In the case of visuomotor rotations, subjects' index finger position is coupled with the position of a cursor on a screen while they are asked to perform reaching movement. The relationship between the hand position and the cursor position is then perturbed by imposing a clockwise or anti-clockwise rotation of the moving hand visual reafference [START_REF] Krakauer | Learning of visuomotor transformations for vectorial planning of reaching trajectories[END_REF][START_REF] Krakauer | Motor learning and consolidation: the case of visuomotor rotation[END_REF]Prablanc, Tzavaras, & Jeannerod, 1975).

In most contact force-field and visuomotor rotation paradigms, a critical feature is the subject's knowledge of a physical interacting interface (the manipulandum and its tactile feedback) between motor planning and endpoint visual representation. Moreover, in visuomotor rotation, the actual feedback is usually not a direct view of the hand position, but a virtual cursor image of the hand displayed on a screen. Conversely, contactless Coriolis force-field or prism paradigms are related to a contactless discrepancy between motor planning and visual reafference. Then, feedback is directly perceived.

Another methodological question deserves particular consideration concerning contact force-field and visuomotor rotation paradigms: how would the after-effects change if the contact with the manipulandum was suppressed while keeping the same structure of the adapted/learned movement? A few studies have considered this crucial question [START_REF] Cothros | Are there distinct neural representations of object and limb dynamics[END_REF][START_REF] Kluzik | Reach Adaptation: What Determines Whether We Learn an Internal Model of the Tool or Adapt the Model of Our Arm[END_REF] and concluded that most of the aftereffect, when present, resulted from the adaptation/learning of the interface properties rather than from the adaptation/learning of the subject's own sensorimotor system. By contrast, in prism adaptation, the after-effect's strength is the same when the prisms are removed or are replaced by null deviation sham prisms. In addition, the different paradigms are associated with various generalization properties. This could underlie the contribution of different processes.

Comparison of methodological aspects between "adaptation" paradigms may highlight the fact that adaptive processes actually involved are closely linked to the paradigm used.

Through a comprehensive comparison between prisms and other adaptation paradigms, the scope of this review is to identify the contributions of context-dependent vs contextindependent processes during these experiments. Particularly, we will focus on three methodological points associated with specific behavioural findings: application of the perturbation, conditions in which after-effects are tested, and assessment of generalization properties. We will discuss how these features could emphasize the possibility that different processes are actually involved. To achieve this, we will review the existing modelings of sensorimotor adaptation and the question of credit assignment. We will focus the review to four most-commonly used error-based paradigms that investigate reaching movements: prisms, Coriolis force-field, force-field and visuomotor rotations.

Practical distinctions between adaptation paradigms

2.1.Application of the perturbation

The different "adaptation" paradigms share several common features and impose an alteration of sensorimotor coordination by perturbing one or several sensory modalities. Thus, all paradigms evoke an error signal from the discrepancy between predicted and actual sensory reafferences, so-called sensory prediction errors. They are known to trigger the error reduction process [START_REF] Inoue | Error Signals in Motor Cortices Drive Adaptation in Reaching[END_REF][START_REF] Popa | The Errors of Our Ways: Understanding Error Representations in Cerebellar-Dependent Motor Learning[END_REF][START_REF] Shadmehr | Error correction, sensory prediction, and adaptation in motor control[END_REF][START_REF] Tseng | Sensory prediction errors drive cerebellum-dependent adaptation of reaching[END_REF]. Noticeably, the type of perturbation determines the sensory modalities altered during exposure and defines the type of error signals generated. In all paradigms, error signals are triggered by an inconsistency between predicted visual reafferences of the moving hand (derived from an efferent copy) and actual visual reafferences. In both prism studies [START_REF] Held | Adaptation of disarranged hand-eye coordination contingent upon reafferent stimulation[END_REF][START_REF] Diedrichsen | Neural Correlates of Reach Errors[END_REF][START_REF] Kawato | Internal models for motor control and trajectory planning[END_REF][START_REF] Miall | Forward Models for Physiological Motor Control[END_REF][START_REF] Shadmehr | Error correction, sensory prediction, and adaptation in motor control[END_REF] and visuomotor paradigms [START_REF] Krakauer | Motor learning and consolidation: the case of visuomotor rotation[END_REF], the proprioceptive consequences are left unchanged. Error signals can also arise from the discrepancy between vision and proprioception of the hand in prism experiments [START_REF] Craske | Differential errors of kinesthesis produced by previous limb positions[END_REF][START_REF] Redding | Effects of Pointing Rate and Availability of Visual Feedback on Visual and Proprioceptive Components of Prism Adaptation[END_REF]. In Coriolis force-field [START_REF] Lackner | Rapid adaptation to Coriolis force perturbations of arm trajectory[END_REF][START_REF] Lackner | Adaptation to Coriolis Force Perturbation of Movement Trajectory[END_REF][START_REF] Sarlegna | Force-field adaptation without proprioception: can vision be used to model limb dynamics?[END_REF] as well as tactile force-field [START_REF] Shadmehr | Adaptive representation of dynamics during learning of a motor task[END_REF], the error derives from the conflict between the expected and the actual visual reafferences together with the conflict between expected and actual proprioceptive reafferences. Another important signal in forcefield experiments refers to the external forces applied by the robot and felt by the subject.

Finally, in all paradigms, error signals can also derive from a reaching feedback error, i.e., the simultaneous vision of the target and hand either during movement (Redding & Wallace, perturbation and the movement errors are illustrated in Figure 1.

Error reduction curves observed in the different paradigms during exposure are closely similar to each other. Subjects initially experience large errors which are rapidly then gradually reduced until performance approximately reaches baselines. It is important to mention the general observation of an asymptotic level of residual error of about 10 to 20% at the end of the disturbance exposure. This residual error shows an incomplete adaptation that cannot be explained by a duration of limited exposure to disturbance, whether for the prism [START_REF] Spang | Limited Plasticity of Prismatic Visuomotor Adaptation[END_REF] or for body-centered visual rotation (van der Kooij, Brenner, [START_REF] Van Der Kooij | Visuomotor adaptation: how forgetting keeps us conservative[END_REF]. To explain such a limitation of the error at the end of a few hundreds of trials, the existence of two simultaneous and opposite learning and forgetting processes has been proposed [START_REF] Shmuelof | Overcoming Motor « Forgetting » Through Reinforcement Of Learned Actions[END_REF][START_REF] Vaswani | Persistent Residual Errors in Motor Adaptation Tasks: Reversion to Baseline and Exploratory Escape[END_REF] whereby the final level of adaptation is determined by a balance between the two processes (van der [START_REF] Van Der Kooij | Visuomotor adaptation: how forgetting keeps us conservative[END_REF]. This striking apparent similarity concerning error reduction curves enhances confusion and encourages straightforward comparisons between paradigms, suggesting that processes involved are also similar.

However, an important distinction between paradigms is the existence or not of a mechanical and/or visual interface. [START_REF] Lackner | Motor control and learning in altered dynamic environments[END_REF] compared identical inertial (Coriolis) and mechanical (force-field) perturbations and showed that the presence of a mechanical contact on the reaching arm was a crucial difference between both paradigms. In fact, in force-field experiments, the perturbation is locally applied through the robotic manipulandum.

Conversely, Coriolis forces are globally applied without any external contact cue. In visuomotor rotation experiments, subjects generally hold a mouse or a handle in order to reach the target while prismatic lenses induce a lateral shift that deviates the visual representation of the environment without any external contact cue on the reaching arm.

Another substantial distinction concerns the visual perception of the reaching arm during exposure. In Coriolis forces and prisms experiments, subjects perceive their moving arm directly (or through glasses for prisms). Such is generally not the case for force-field and visuomotor rotation experiments during which subjects perceive their moving arm through a 2D representation (on a computer screen). These distinctions lead to a crucial difference related to the off-body axis or body centered application of the perturbation. Coriolis forces and prisms are body, head and gaze centered perturbations because there is no mechanical contact on the reaching arm and subjects directly perceive it. Conversely, force-field and visuomotor rotation are applied through an off-body centered arbitrary point because of the presence of tactile contact and computer interface.

Noticeably, these paradigm-specific considerations are not always systematic. First, a visuomotor rotation can also be head-centered when generated through virtual environments [START_REF] Van Der Kooij | Visuomotor adaptation: how forgetting keeps us conservative[END_REF][START_REF] Van Der Kooij | Alignment to natural and imposed mismatches between the senses[END_REF][START_REF] Vetter | Evidence for an Eye-Centered Spherical Representation of the Visuomotor Map[END_REF]. Similarly to prisms, it provides a contactless shift of the symbolic or more realistic representation of the hand and limb [START_REF] Vetter | Evidence for an Eye-Centered Spherical Representation of the Visuomotor Map[END_REF][START_REF] Van Der Kooij | Visuomotor adaptation: how forgetting keeps us conservative[END_REF][START_REF] Arevalo | Dynamics of dual prism adaptation: Relating novel experimental results to a minimalistic neural model[END_REF] and exhibits similar adaptive properties. Moreover, the visuomotor rotation paradigm does not always require the use of an external device. For example, the finger location can be recorded by an Optotrack marker stuck on the finger (e.g. Simani, McGuire, & Sabes, 2007). Second, in the force-field paradigm, the use of a 2D representation is not always required. Full vision of the actual hand is available in some experiments, but they still involve a device or a tool in contact with the endpoint effector. Finally, although prisms can also be considered as an external device, they are not applied on the moving arm. In addition, prisms experiment can be carried out either with or without contact with the head [START_REF] Gaveau | Visuomotor adaptation needs a validation of prediction error by feedback error[END_REF] and still exhibit the same adaptive processes. Thus, the existence of a physical contact as a source of feedback interaction may characterize the process involved to counteract the perturbation.

The fact that perturbations are applied through an interface or not is related to the attribution of error to a specific external interface (such as a mouse, or manipulandum) or to our own sensori-motor performance (prism, non-contact gravito-inertial field). Indeed, as discussed further, the attribution of error to either our external environment or our own movement may determine the nature of the compensation process. This broad difference among types of perturbations may have substantial consequences on the way the CNS sets up compensations to counteract the perturbation. In fact, alterations developed in response to perturbations that use an interface and involve a tactile contact on the reaching arm (force-field, visuomotor rotations) likely remain specific to the context and to the settings of the perturbation (e.g. to the robot device).

2.2.After-effects assessment

In order to regain baseline accuracy, the nervous system must compensate for a given perturbation by reducing errors during the initial exposure. This is typically quantified by assessing the presence of sustainable compensations once the perturbation has been removed or so-called after-effects [START_REF] Krakauer | Motor learning and consolidation: the case of visuomotor rotation[END_REF][START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF][START_REF] Shadmehr | Error correction, sensory prediction, and adaptation in motor control[END_REF]. They generally consist in errors in a direction opposite to the initial perturbation and are typically quantified by subtraction from baseline performance.

The procedures used to assess after-effects vary to a certain extent depending on the type of paradigm. Some differences concern the explicit (or not) subtraction of the perturbation before assessing after-effects and the remaining presence of apparatus which is similar to the exposure context. The after-effects observed in the different paradigms are illustrated in Figure 1.

In the prism paradigm, after-effects are assessed during a distinct phase called posttests. At the end of the exposure, the prisms are generally explicitly removed (i.e. the goggles are taken off). The subject therefore unexpectedly experiences a pointing error in the opposite direction to that induced by the prisms [START_REF] Harris | Adaptation to Displaced Vision: Visual, Motor, or Proprioceptive Change?[END_REF]. This aftereffect (called negative aftereffect) persists for several trials. The measures of these after-effects are generally performed without vision of the hand (open-loop) during the entire movement to prevent deadaptation. As there is no visual feedback of the error between the target and hand, aftereffects last from tens to hundred trials with a long time constant.

Assessment of after-effects in Coriolis force-field paradigm is relatively similar to prisms experiments. After the exposure period, subjects are asked not to move during tens of seconds once the chair has stopped so that the vestibular system can return back to its resting state and subjects can feel stationary. Then, subjects are required to perform the same movements of pointing (as during exposure) toward the sagittal target. Movement paths deviate in the same direction as the prior chair rotation at constant velocity. After-effects are quantified as dynamic (during movement) and terminal (at the end movement) reaching deviations, compared to performance during baseline trials [START_REF] Lackner | Rapid adaptation to Coriolis force perturbations of arm trajectory[END_REF][START_REF] Lackner | Adaptation to Coriolis Force Perturbation of Movement Trajectory[END_REF][START_REF] Lefumat | To transfer or not to transfer? Kinematics and laterality quotient predict interlimb transfer of motor learning[END_REF].

Visuomotor rotations studies use after-effects assessment methods that are comparable to Coriolis and Prisms experiments. After exposure to the visuomotor rotation, participants perform "probe trials" in order to measure after-effects (Mazzoni & Krakauer, 2006).

Reaching movements are performed in the same way as during exposure except that the relationship between hand movement and cursor location is no longer perturbed. Probe trials are performed without visual feedback ("blank trials") and compared to blank trials measured during baseline, in order to quantify the amount of adaptation. These post-tests trials are sometimes interspersed by "re-learning" trials, during which perturbation is turned on again [START_REF] Zhou | The temporal stability of visuomotor adaptation generalization[END_REF]. The main difference with the precedent paradigms is that subjects are not explicitly aware of the presence or absence of the perturbation.

Assessments of after-effects in force-field paradigms are considerably different than in other paradigms. Once exposure trials lead to an approximate compensation of the force-field, the perturbation is suddenly removed on selected trials, i.e. the forces applied to the manipulandum are turned off. Thus, the movement path is deviated to the opposite direction relatively to initial errors. These selected attempts are called "catch trials" and allow a measure of the immediate aftereffect by quantifying lateral forces applied on the manipulandum. In fact, lateral forces could reflect adaptive compensations of expected lateral forces imposed by the robot [START_REF] Goodbody | Temporal and amplitude generalization in motor learning[END_REF][START_REF] Shadmehr | Spatial generalization from learning dynamics of reaching movements[END_REF][START_REF] Shadmehr | Adaptive representation of dynamics during learning of a motor task[END_REF]. However, whereas the hand (or target) feedback loop can be opened in the prism or in the visuomotor rotation paradigm, such is not the case for force feedback as subjects feel the force offset. This makes difficult to compare the open loop decay of the after-effects and those of the other adaptation paradigms. A possibility to reduce error feedback availability (at least visual feedback) is to use "error-clamp" trials. As for catchtrials, force-field is removed on selected trials. In addition, instead of leaving subjects moving the manipulandum in a free way to reach the target, they are kept from experiencing lateral errors. More precisely, movement path is constrained by novel forces to remain strictly straight toward the target. However, the manipulandum still records the lateral forces applied by the subjects [START_REF] Smith | Interacting Adaptive Processes with Different Timescales Underlie Short-Term Motor Learning[END_REF]. The crucial point is not only that the perturbation is not explicitly removed but also that after-effects are assessed on exactly the same apparatus than during exposure, i.e. subjects are still holding the manipulandum.

Altogether, these differences lead to a difficult comparison between adaptation paradigms because after-effects do not refer to the same probes of adaptation.

Nevertheless, some authors have investigated whether after-effects were present following force-field adaptation in changing apparatus settings. [START_REF] Kluzik | Reach Adaptation: What Determines Whether We Learn an Internal Model of the Tool or Adapt the Model of Our Arm[END_REF] tested whether adaptation of reaching movements to a viscous force-field while holding a robotic arm generalized to other conditions. In the robot-null condition, the manipulandum was still attached to the robot but the forces were turned off. In the free-space condition, the manipulandum was explicitly dissociated from the robot. In both conditions, generalization was assessed while participants were still holding the manipulandum. Authors observed that compensatory movements generalized to the free space condition. It is noteworthy that although the term generalization has been used, this procedure rather converges with aftereffects measurement in other paradigms. Moreover, although participants were aware that the perturbation was turned off (robot-null condition) and even when the manipulandum was detached from the robot (free-space condition), after-effects were still assessed on the setting in which participants experienced the force-field, i.e. when holding the manipulandum. It cannot be determined if alterations of the visuomotor coordination acquired during adaptation would generalize in situations in which holding the manipulandum is not required. To test for this condition, Cothros and colleagues (2006) investigated the transfer of compensations in a real free-space: participants were not holding the robotic arm at all. They found that aftereffects were substantially reduced in the free-space condition. This real-free space condition is more comparable with the procedures used to assess after-effects in prism literature for example. These results confirm the fact that force field training favours the implication of processes that seem to be context dependent.

In sum, it is important to attentively consider the conditions in which after-effects are assessed in each paradigm. More precisely, the fact that after-effects are measured on the same apparatus as during the exposure yields to measure potential cognitive components of after-effects specifically related to the training context. As a consequence, different methods to assess after-effects may not reflect the presence of the same processes to counteract the perturbation.

2.3.Generalization properties

Another way to verify that robust adaptive changes have arisen during exposure is to investigate if compensations are persistent and can be observed in different contexts (i.e. conditions different than exposure conditions), a phenomenon named as generalization [START_REF] Bastian | Understanding sensorimotor adaptation and learning for rehabilitation[END_REF][START_REF] Censor | Generalization of perceptual and motor learning: a causal link with memory encoding and consolidation[END_REF][START_REF] Poggio | Generalization in vision and motor control[END_REF]. Similarly to the notion of after-effects, generalization varies among the different paradigms, essentially in terms of definition and assessment methods.

First and foremost, the barrier between the notions of after-effects and generalization may be substantially confusing among the different paradigms. For example, measurement of after-effects in a robot-null conditions (force-field turned off) was considered as a measure of generalization in Kluzik et al. previous work (2008) whereas it simply converges to a measure of after-effects with the perturbation removed (closely to prisms experiments). Another important point is that generalization is characterized by a polysemous nature. In fact generalization can constitute a measure of how compensations can be applied in other settings (post-adaptation generalization). Otherwise, trial-by-trial generalization can reflect how the errors experienced on a given trial during exposure can be transferred in other settings under the same perturbation [START_REF] Tanaka | Generalization and multirate models of motor adaptation[END_REF]. As we are interested in generalization as a probe that robust changes have emerged in the nervous system during exposure, we limit our analysis to post-adaptation generalization features.

In addition, generalization must not be mistaken with another behavioural phenomenon, known as savings. When individuals are re-exposed to the same perturbation, they show faster error reduction process [START_REF] Huang | Persistence of Motor Memories Reflects Statistics of the Learning Event[END_REF][START_REF] Kojima | Memory of Learning Facilitates Saccadic Adaptation in the Monkey[END_REF]; J. W. [START_REF] Krakauer | Adaptation to Visuomotor Transformations: Consolidation, Interference, and Forgetting[END_REF][START_REF] Seidler | Right prefrontal cortex transcranial direct current stimulation enhances multi-day savings in sensorimotor adaptation[END_REF][START_REF] Zarahn | Explaining Savings for Visuomotor Adaptation: Linear Time-Invariant State-Space Models Are Not Sufficient[END_REF]. Recent studies report that these sensorimotor savings are due to recall from visuospatial working memory of early strategic components of adaptation [START_REF] Morehead | Savings upon Re-Aiming in Visuomotor Adaptation[END_REF]. In fact, savings can appear after a prolonged period of washout [START_REF] Krakauer | Adaptation to Visuomotor Transformations: Consolidation, Interference, and Forgetting[END_REF][START_REF] Zarahn | Explaining Savings for Visuomotor Adaptation: Linear Time-Invariant State-Space Models Are Not Sufficient[END_REF] and seem to appear only when large perturbations are exposed to participants [START_REF] Morehead | Savings upon Re-Aiming in Visuomotor Adaptation[END_REF]. Savings are related to the recall of the initially successful strategy. As such, they are strongly context-dependent and do not reflect the same processes as generalization properties.

To clarify the notion of generalization and to facilitate comparison, we consider that generalization refers to a change in assessment context compared to exposure context. This change can be related to unpractised targets or workspace (spatial generalization), other effectors (e.g. interlimb transfer), changing features of tasks (e.g. different speeds) or even other tasks (e.g. wheelchair driving).

Spatial generalization

Spatial generalization has been extensively studied across "adaptation" paradigms.

Generalization patterns can be reflected by a monotonous function, with a decrease of transfer as untrained target are pulled away from the trained target (Gharamani et al., 1996).

Conversely, transfer of compensations toward locations far from the trained ones has also been reported in prism adaptation as nearly complete [START_REF] Bedford | Perceptual and cognitive spatial learning[END_REF].

Distinct results are found across paradigms. For example, some studies in prism literature allowed to draw a slight gradient of decay as one moves away from the area explored during the exposure [START_REF] Gogel | The effect of perceived distance on perceived movement[END_REF].

Similarly, some components of after-effects following prisms exposure have been shown to transfer across non-learned locations as long as the exposure spatial maps were also involved during post-exposure testing. However, others components generalized associatively with respect to similarity between conditions during exposure and post-exposure, i.e. associative generalization [START_REF] Redding | Generalization of prism adaptation[END_REF]. These context-dependent after-effects were related to a kind of cognitive learning and highlighted the different processes involved in responses to prismatic perturbations (see next section for details) [START_REF] Bedford | Perceptual and cognitive spatial learning[END_REF][START_REF] Bedford | Keeping perception accurate[END_REF]. In the prism literature, the spatial generalization of after-effects is measured when the perturbation is explicitly removed.

On the other hand, force-field experiments have also broadly studied spatial generalization and mainly report a generalization to a limited range of adjacent directions. An important point is that generalization does not always refer to the transfer of after-effects but often to the transfer of "adaptation". In the latter, generalization is tested toward other locations but under the same force-field perturbation [START_REF] Goodbody | Temporal and amplitude generalization in motor learning[END_REF]. As such, this type of measure reflects a trial-by-trial generalization and does not probe the presence of robust and transferable compensations acquired in response to the perturbation. In others studies, spatial generalization was assessed using catch trials (i.e. force-field turned off): transfer was present for neighbouring targets but decayed quickly when distance from the trained targets increased [START_REF] Donchin | Quantifying generalization from trial-by-trial behavior of adaptive systems that learn with basis functions: theory and experiments in human motor control[END_REF][START_REF] Gandolfo | Motor learning by field approximation[END_REF][START_REF] Mattar | Modifiability of generalization in dynamics learning[END_REF].

A limited spatial generalization is also present in visuomotor rotation experiments. In fact, a narrow spatial tuning is observed, with a sharp gradient around the trained direction highlighting a poor generalization across multiple directions. For example, after training in a single direction, after-effects dropped off by a very large ratio when aiming at 45 degrees apart from the learned location [START_REF] Ghahramani | Generalization to local remappings of the visuomotor coordinate transformation[END_REF][START_REF] Pine | Learning of scaling factors and reference axes for reaching movements[END_REF]. [START_REF] Krakauer | Learning of visuomotor transformations for vectorial planning of reaching trajectories[END_REF] showed that adaptation of gain (distance) to visuomotor rotations generalized to untrained gains while adaptation of rotation (direction) did not. However, tests of generalization were conducted under the same perturbation as during exposure. [START_REF] Vetter | Evidence for an Eye-Centered Spherical Representation of the Visuomotor Map[END_REF] conducted tests of generalization under a virtual environment that simulated a terminal feedback prism displacement. They found postadaptation generalization toward the entire workspace. However, these post-exposure trials were interspersed every 3 trials by perturbed trials to prevent decay of learning.

Interlimb transfer

Concerning transfer to untrained effectors, several authors in prism studies have highlighted the existence of transfer to the unexposed arm [START_REF] Choe | Variables affecting the intermanual transfer and decay of prism adaptation[END_REF]Taub & Golberg, 1973).

Conversely, Prablanc et al. (1975) reported that two arms can be adapted to opposite prism displacement which was replicated in monkeys [START_REF] Yin | Long-lasting aftereffects of prism adaptation in the monkey[END_REF] and suggested a null or weak inter-manual transfer. A limited inter-manual transfer of prism adaptation was however observed when the exposure involved pointing movements crossing the body midline, in the contralateral field to the exposed arm (Prablanc et al 1975b). The transfer was possibly explained by a trunk rotation.

Most of the other studies which found inter-manual transfer of prism adaptation did not investigate visual aftereffects derived from visuo-oculomotor adaptation which generalize to both hands nor did they measure a possible neck proprioceptive after-effect. Inter-manual transfer has been reported with unconstrained head movement during exposure (Hamilton, 1964). As this condition produces a change in the felt head position (Redding & Wallace, 2003[START_REF] Kojima | Memory of Learning Facilitates Saccadic Adaptation in the Monkey[END_REF], it obeys the axio-proximo-distal hierarchy (eye-head-neck-arms) such that the inter-manual transfer appears to be a sub-product of axial adaptive sensory representations.

Norris et al. (2001) investigated the reciprocal transfer of prism displaced vision between

either the real hand or more abstract representations of the hand -online video view of the hand or online view of a cursor representing the hand. The cursor exposure condition elicited very small after-effects during real hand pointing, whereas prism displaced vision of the own hand elicited a full transfer of after-effects to hand pointing with the cursor. A possible explanation is that direct view of the hand when the prism angle is moderate does not alter the sense of ownership and does not call for unnatural representations, which is further discussed in the last part of the paper.

Finally, Renault et al. ( 2018) reported inter-manual transfer following prism exposure that could be either intrinsic or extrinsic, illustrating the complexity and the large range associated with this kind of transfer.

The transfer across limbs (inter-manual transfer) is the only aspect of generalization that has been explored in Coriolis force-field paradigm. For example, Lefumat and colleagues (2015) have reported a limited but significant interlimb transfer following a Coriolis forcefield adaptation. Moreover, they showed that individual characteristics (notably, motor variability during late adaptation phase and laterality quotient) had a positive influence on interlimb transfer.

Patterns of interlimb transfer in force-field experiments suggest a transfer from the dominant arm to the non-dominant arm (Criscimagna-Hemminger, [START_REF] Criscimagna-Hemminger | Learned Dynamics of Reaching Movements Generalize From Dominant to Nondominant Arm[END_REF]. In that study, transfer was assessed by interspersed catch trials during exposure to the field. As for visuomotor rotation, [START_REF] Wang | Limitations in interlimb transfer of visuomotor rotations[END_REF] showed that training under a visuomotor rotation with one limb facilitated the subsequent learning of the same rotation with the other limb while other authors reported a limited interlimb transfer [START_REF] Krakauer | Learning of visuomotor transformations for vectorial planning of reaching trajectories[END_REF]. Additionally, [START_REF] Imamizu | The locus of visual-motor learning at the task or manipulator level: implications from intermanual transfer[END_REF] showed a nearly complete inter-manual transfer of adaptation which was carried out with a 90 degrees visual rotation. This is possibly related to a rule learning at task level rather than an adaptation process at muscle level. [START_REF] Krakauer | Generalization of Motor Learning Depends on the History of Prior Action[END_REF] also observed that visuomotor rotation adaptation transferred from the arm to the wrist, but not vice versa, in agreement with a proximo-distal hierarchy of adaptation In each paradigm, divergent results are drawn but it appears that a substantial interlimb transfer (mostly from dominant arm to non-dominant arm) does exist. It suggests that compensations acquired from one limb are available for other limbs. However, this kind of transfer might emerge from a cognitive component as a general rule integrated by the nervous system and applicable to other effectors [START_REF] Malfait | Is interlimb transfer of force-field adaptation a cognitive response to the sudden introduction of load?[END_REF][START_REF] Wang | Limitations in interlimb transfer of visuomotor rotations[END_REF].

Thus, except when it is related to oculomotor or head-neck sensorimotor changes, interlimb transfer relies upon an arbitrary high-level transformation which may reveal changes different from modifications reflected by spatial generalization and transfer to other tasks.

Transfer to other tasks

The term generalization has also been used to describe the transfer of prismatic adaptation to movements different from those used during exposure [START_REF] Harris | Perceptual adaptation to inverted, reversed, and displaced vision[END_REF]. However, the amplitude of prism adaptation decreased when the post-exposure task differed from that of adaptation [START_REF] Harris | Perceptual adaptation to inverted, reversed, and displaced vision[END_REF]. [START_REF] Martin | Throwing while looking through prismsI. Focal olivocerebellar lesions impair adaptation[END_REF] have clarified the limits of these generalizations by restricting them to motor synergies and by showing that an adaptation of dart throwing through prisms obtained in a given postural configuration of the upper limb did not generalize to a throw in the symmetrical postural configuration (i.e. throwing over the shoulder vs throwing from below the shoulder). This suggests a specific adaptation of muscle synergies.

Moreover, a specificity of the temporal components of adaptation has been demonstrated by [START_REF] Kitazawa | Prism Adaptation of Reaching Movements: Specificity for the Velocity of Reaching[END_REF]. The rate of adaptation seemed to very specifically depend on the motor pattern used during exposure. The movements performed at the same speed as those performed during the exposure exhibited the highest degree of adaptation, whereas movements at different speeds showed a lower degree of adaptation. In addition, the amplitude of the after-effect decreased when the post-exposure task differed from exposure task [START_REF] Baraduc | Adaptation to a Visuomotor Shift Depends on the Starting Posture[END_REF] which suggests that adaptation is dependent on postural configuration.

By contrast, after-effects following prism adaptation appeared to generalize to other types of tasks, such as goal oriented walking task [START_REF] Michel | Asymmetrical after-effects of prism adaptation during goal oriented locomotion[END_REF] or wheel-chair driving (Jacquin-Courtois, Rode, Pisella, Boisson, & [START_REF] Jacquin-Courtois | Wheel-chair driving improvement following visuo-manual prism adaptation[END_REF][START_REF] Watanabe | Generalization of prism adaptation for wheelchair driving task in patients with unilateral spatial neglect[END_REF]. In addition, a generalization to sensory modalities unexposed to the conflict, such as a target acoustic target, has been identified [START_REF] Harris | Adaptation to Displaced Vision: Visual, Motor, or Proprioceptive Change?[END_REF]Craske, 1966[START_REF] Lackner | Adaptation to Displaced Vision: Role of Proprioception[END_REF]. This effect suggests a modification of the supra-modal perception of space of an axial reference frame, which likely corresponds to a change in body representations. Moreover, some authors reported expansion of after-effects to higher level cognitive functions (for a review, see [START_REF] Jacquin-Courtois | Rehabilitation of spatial neglect by prism adaptation: A peculiar expansion of sensorimotor after-effects to spatial cognition[END_REF]. Such is apparently not the case for other paradigms, notably force-field (Michel, Bonnetain, Amouro, & White, 2018).

Generalization to other types of tasks has been sparsely studied using other paradigms. In force-field experiments, [START_REF] Conditt | The motor system does not learn the dynamics of the arm by rote memorization of past experience[END_REF] have suggested that compensations acquired to counteract a given force-field generalized from straight movements to circular movements (either post and trial-by-trial generalization).

In sum, the comparison between methods of assessing after-effects and generalization in adaptation paradigms reveals broad dissimilarities associated with various behavioral findings. These dissimilarities are reported in Table 1.

Conditions in which after-effects are assessed in the different paradigms have a crucial impact on the interpretation of underlying processes. Comparing findings about these features between paradigms irrespectively of specific conditions and contexts can lead to specious conclusions. In fact, assessing after-effects on the same apparatus and when the perturbation is not explicitly removed (for typical example: catch trials or error clamp trials during forcefield experiments) may rather reflect retention, which refers to the capacity of the nervous system to fully or partially maintain the adapted state [START_REF] Imamizu | The locus of visual-motor learning at the task or manipulator level: implications from intermanual transfer[END_REF]. The conditions in which after-effects are measured are a crucial aspect of what is really assessed. Moreover, it is noteworthy that error reduction during exposure is generally almost complete (i.e. subjects regains near-baseline performance and thus substantially compensate the perturbation) while the amount of after-effects is not equivalent to the amount of the perturbation [START_REF] Redding | Adaptive Coordination and Alignment of Eye and Hand[END_REF]. This suggests that mechanisms other than "true adaptation" [START_REF] Redding | Strategie Calibration and Spatial Alignment: A Model From Prism Adaptation[END_REF] contribute to the reduction of error during exposure. Thus, adaptation must be identified by the presence of robust and context-independent after-effects [START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF]. Indeed, a reduction of errors without after-effect implies that the compensation has been achieved through strategic rather than adaptive mechanisms [START_REF] Kluzik | Reach Adaptation: What Determines Whether We Learn an Internal Model of the Tool or Adapt the Model of Our Arm[END_REF].

It is neither straightforward to compare generalization properties as they highly depend on the procedures used to measure them, and even more on the conditions set up during exposure. These differences may reflect the fact that different processes are involved depending on the type of perturbation used. Robust generalization of after-effects (i.e. outside the exposure apparatus) likely reflects an adaptive process which is context independent (e.g. spatial generalization in prisms [START_REF] Bedford | Constraints on learning new mappings between perceptual dimensions[END_REF]). Conversely, the absence of generalization to other conditions is associated with a high contribution of context-dependent processes [START_REF] Cothros | Are there distinct neural representations of object and limb dynamics[END_REF][START_REF] Mattar | Modifiability of generalization in dynamics learning[END_REF]. It is noteworthy that interlimb transfer is a particular aspect of transfer to other conditions as it could imply higher representations and may not reflect the involvement of context independent processes. Considering these dissimilarities, it is probable that different mechanisms are actually involved according to the paradigm that generalization features may allow to distinguish.

From paradigms specificity to involved processes: the role of contextdependency

So far, we have described three specific methodological differences between adaptation paradigms: application of the perturbation, assessment of after-effects, and generalization properties. The highlighted differences reflect the involvement of different processes in adaptation paradigms. In the next section, we will discuss the distinction between context-dependent vs context-independent processes with respect to the theoretical modeling of adaptation processes. Particularly, we will question the frame of internal representations and model-based vs model-free processes. Then, we will discuss how the credit assignment problem can be related to the context-dependency of involved processes.

3.1.Internal representations: model-based vs model-free processes

In order to generate an appropriate movement, our nervous system is able to rely on available information to produce estimates about our own body's state as well as external world. These information arise from internal models that can be specified into several categories. Schematically, the inverse model allows to transform a desired behavioral goal into an appropriate motor commands to achieve it [START_REF] Miall | Forward Models for Physiological Motor Control[END_REF][START_REF] Wolpert | An internal model for sensorimotor integration[END_REF]. Working on the opposite direction, the forward model refers to our ability to predict the consequences of our motor commands. Its output is the predicted reafferences and depends mainly on the previous representation of our own body and secondarily of the environment. When our brain generates a motor command, the forward model receives a copy of this motor command (named as efference copy) and is able to develop predictions about the sensory consequences of the upcoming action, even when the actual sensory reafferences are absent at movement onset. Thus, the forward model can be used to make fast movement corrections prior to and in the early phase of movement execution. Predicted consequences are then compared with the actual consequences of the action, and both are integrated together to get optimized estimates of the world and of the body interactions. The discrepancy between actual and predicted reafferences, called the "prediction error", acts as a signal error signal that triggers adaptive processes to maintain accuracy of both inverse and forward models. Combined inverse and forward models theoretically allow the CNS to carry out a desired action such as arm reaching and to accurately control the unfolding of the reach [START_REF] Kawato | Internal models for motor control and trajectory planning[END_REF].

However, these forward models are useless if they are not accurate enough. The discrepancy between actual and predicted reafferences, called the "prediction error", acts as a signal error signal that triggers adaptive processes to maintain accuracy of both inverse and forward models.

The role of sensory prediction errors as a trigger of adaptation has been suggested in many studies using different paradigms [START_REF] Bastian | Learning to predict the future: the cerebellum adapts feedforward movement control[END_REF][START_REF] Diedrichsen | Neural Correlates of Reach Errors[END_REF][START_REF] Held | Exposure-history as a factor in maintaining stability of perception and coordination[END_REF][START_REF] Taylor | The role of strategies in motor learning[END_REF][START_REF] Tseng | Sensory prediction errors drive cerebellum-dependent adaptation of reaching[END_REF]. Using prism deviation, actual visual reafferences are biased and no longer match the predicted visual consequences. Similarly, visual reafferences of motor commands are also perturbed during visuomotor rotations. Although prism and rotated feedback paradigms both imply the same type of visual mismatch between expected and actual reafferences, they fundamentally differ by the nature of the reafferences (real versus symbolic, and body-centered versus off body-centered). Concerning Coriolis force and force-field paradigms, both types of visual and proprioceptive reafferences are similarly altered, but they fundamentally differ by the nature of the kinesthetic reafferences (internal versus external tactile forces, and body-centered versus off body-centered)

The necessary adjustment of internal models to counteract the perturbation is triggered by these different sensory prediction errors. The fact that perturbations are applied either through an interface or without may lead to important implications for the type of internal models that are adjusted. The sensory cues associated with grasping an object (e.g. the robotic manipulandum in force-fields) may promote the development of a distinct internal model associated with this specific object rather than internal model referring to the limb [START_REF] Cothros | Are there distinct neural representations of object and limb dynamics[END_REF]. As a consequence, different types of perturbation may not involve the same processes. Adjustment of a distinct interactive model associated with an object may rely on a context-dependent process because this adjustment would be specific to the object.

Conversely, adjustment of internal model of the subject alone would imply sustainable transformations in other conditions, i.e. a context-independent process. Another internal source of adaptation results from the realignment of vision and proprioception, which can be achieved by modifications of the visual and/or proprioceptive systems [START_REF] Kornheiser | Adaptation to laterally displaced vision: a review[END_REF].

Proprioception and prediction are difficult to disentangle as none can be experimentally removed, as opposite to vision. This is especially clear for prism adaptation, as the prisms only deviate the seen and not the felt location of the hand. It therefore involves a perceptual remapping, such as a change in the straight-ahead visual perception related to a bias in the straight-ahead eye position toward the deviated visual field [START_REF] Craske | Adaptation to prisms: change in internally registered eye-position[END_REF]. This perceptual remapping can also concern proprioception of the exposed limb [START_REF] Harris | Adaptation to Displaced Vision: Visual, Motor, or Proprioceptive Change?[END_REF] in the direction opposite to the deviated visual field. Such can also be the case in the visuomotor rotation paradigm which also seems to rely on both sensory and motor rearrangements despite the dissimilarities with prism paradigm (Cressman andHenriques, 2009, 2010;[START_REF] Cressman | Visuomotor adaptation and proprioceptive recalibration in older adults[END_REF][START_REF] Clayton | The effect of visuomotor adaptation on proprioceptive localization: the contributions of perceptual and motor changes[END_REF]. Either of these perceptual adaptations corresponds to a shift of the typically spatially congruent relationship between the visual and the proprioceptive maps of the body parts.

Among the different paradigms, several models of the processes involved during adaptation have been proposed. Some studies suggest that adaptation is driven by multiple systems that learn and forget at different timescales [START_REF] Huberdeau | Dual-process decomposition in human sensorimotor adaptation[END_REF][START_REF] Smith | Interacting Adaptive Processes with Different Timescales Underlie Short-Term Motor Learning[END_REF][START_REF] Van Der Kooij | Alignment to natural and imposed mismatches between the senses[END_REF]. Most of the time, two possible timescales are proposed (two-state model). A fast process would account for rapid correction of movement errors during early adaptation but would be associated with a poor retention (i.e. little after-effects). In a second phase, a slow process would operate and lead to a stronger retention once the perturbation is removed. In other words, error reduction in the very first trials during exposure is mostly accounted for by the fast system that saturates rapidly, while the slow system takes place more gradually during late exposure trials. Moreover, the contribution of the slow system is related to the amount of long-term retention [START_REF] Yin | Long-lasting aftereffects of prism adaptation in the monkey[END_REF][START_REF] Joiner | Long-Term Retention Explained by a Model of Short-Term Learning in the Adaptive Control of Reaching[END_REF] as well as to the amplitude of after-effects during prism adaptation [START_REF] Imamizu | The locus of visual-motor learning at the task or manipulator level: implications from intermanual transfer[END_REF].

Along with this timescale distinction, several authors have proposed to differentiate between implicit and explicit processes. An explicit cognitive strategy is thought to drive the fast correction of movement errors during early adaptation while implicit process contributes mainly to the presence of after-effects. The implicit process can be based on prediction error (Mazzoni & Krakauer, 2006;[START_REF] Taylor | The role of strategies in motor learning[END_REF][START_REF] Taylor | Explicit and implicit contributions to learning in a sensorimotor adaptation task[END_REF] or on visuo-proprioceptive conflict [START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF] The two-state model has been proposed for each type of perturbations: force-field [START_REF] Albert | Estimating properties of the fast and slow adaptive processes during sensorimotor adaptation[END_REF][START_REF] Mcdougle | Explicit and Implicit Processes Constitute the Fast and Slow Processes of Sensorimotor Learning[END_REF][START_REF] Smith | Interacting Adaptive Processes with Different Timescales Underlie Short-Term Motor Learning[END_REF], visuomotor rotations (Mazzoni & Krakauer, 2006;[START_REF] Taylor | Explicit and implicit contributions to learning in a sensorimotor adaptation task[END_REF] and prism literature [START_REF] Petitet | Towards a neuro-computational account of prism adaptation[END_REF][START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF][START_REF] Redding | Strategie Calibration and Spatial Alignment: A Model From Prism Adaptation[END_REF].

'Strategic recalibration' refers to the fast process and allows the fast reduction of movement errors at the beginning of the exposure. Typically, when the subjects miss the target, they would more or less consciously aim at the side of the target on the next trial in order to reduce the previous motor error. Nevertheless, this process is associated with a poor contribution to after-effects. In contrast, 'spatial realignment' in prism adaptation refers to the slow process and contributes mainly to the presence of after-effects. It consists of the reduction of the mismatch between two sensorimotor coordinate systems: an eye-head visual motor system and a head-hand proprioceptive motor system [START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF][START_REF] Redding | Strategie Calibration and Spatial Alignment: A Model From Prism Adaptation[END_REF]. The prismatic deviation induces a discordance between these two sources of information. Realignment requires the adjustment of this relationship in order to counteract the perturbation. Strategic compensation and true adaptation are not always easy to tease apart. [START_REF] O'shea | Kinematic markers dissociate error correction from sensorimotor realignment during prism adaptation[END_REF] observed that each type of compensation could be quantified through the analysis of kinematic patterns change during prism exposure. Inoue et al. (2014) suggested the presence of a third timescale in prism adaptation, named as an "ultraslow" process. They showed that a two-state model was not sufficient to explain behavioral data from 150 to 500 exposure trials. However, a three-state model comprising an ultraslow process fits better the data obtained for 500 trials. Moreover, the amount of adaptation in this ultraslow process was strongly correlated with the amount of long-term retention (tested 24 hours after the adaptation). Finally, authors suggested that this three-state model can also explain data from experiments in force-field paradigms.

These two-state models are defined as model-based processes because they rely on adjustments to internal models that are driven by sensory prediction errors. More specifically, only the slow component of the two-state model may be referred as a model-based process.

The fast strategic process would thus be categorized as a "model free" process. Interestingly, Huang and colleagues (2011) have proposed two additional learning processes during adaptation paradigm (visuomotor rotations): operant reinforcement and use-dependent learning. They have suggested that these processes are model-free as they are associated with a memory for action independently of an internal model and are driven directly by task success. Thus, pure adaptation itself would lead to a bias toward the repeated direction of hand space, a process named as use-dependent learning. The presence of use-dependent learning was also probed in force-field experiment [START_REF] Diedrichsen | Use-dependent and error-based learning of motor behaviors[END_REF]. Moreover, operant reinforcement may also be at work during "adaptation" experiments. Movement results (i.e. success or relative success) act as implicit rewards that lead to the association between successful error reduction and the motor commands converged upon by adaptation (van der [START_REF] Van Der Kooij | Reward abundance interferes with error-based learning in a visuomotor adaptation task[END_REF][START_REF] Huang | Rethinking motor learning and savings in adaptation paradigms: model-free memory for successful actions combines with internal models[END_REF]Krakauer & Mazzoni, 2011). According to the authors, model-based and model-free processes are not competitive but operate cooperatively during so-called "adaptation" paradigms. Krakauer and Mazzoni situated use-dependent learning and operant reinforcement in the middle of an adaptation to learning continuum. However, although these processes appear to be at work during force-field and visuomotor rotation experiments, it is still unknown if they are implied during prism and Coriolis force-field experiments.

Along with the adaptation-to-learning continuum, some authors coined the term of structural learning [START_REF] Braun | Motor task variation induces structural learning[END_REF][START_REF] Genewein | Structure Learning in Bayesian Sensorimotor Integration[END_REF]. When subjects are exposed to randomly varying tasks of the same structure (visuomotor rotations), authors suggested that subjects are able to extract the structure of the task. As a consequence, when exposed to another task with the same structure, they exhibit learning facilitation. In other words, individuals extract general rules about a class of behaviors, a process so-called structural learning.

The presence of multiple adaptive processes during these types of experiments is strongly recognized, and the distinction of model-free vs model-based processes is of growing evidence. However, the relative weighting of both processes may differ between the different "adaptation" paradigms. In addition, although model-based processes are likely related to context-independent processes, it is still unclear to what extent model-free processes can be classified as being context-dependent or context-independent. As they are placed on a learning-to-adaptation continuum, these processes are likely situated between contextdependent and context-independent processes.

3.2.Credit assignment: self-attribution of errors as a trigger of context independent processes

The role of sensory prediction errors driving the slow process of the two-state model can explain adaptive processes in non-contact Coriolis force and prism paradigm on one side and force-field and feedback rotation on the other side. Thus, the involved processes could appear as very similar. However, as we have highlighted thus far, the observed patterns of generalization are paradigm-dependent. For example, in force-field experiment, authors report very few transfer of compensations to free-space and natural hand movements [START_REF] Cothros | Are there distinct neural representations of object and limb dynamics[END_REF][START_REF] Kluzik | Reach Adaptation: What Determines Whether We Learn an Internal Model of the Tool or Adapt the Model of Our Arm[END_REF] suggesting that the properties of the tool has been learnt without or with little change in the properties of the effector. These dissimilarities cast some doubt on the universality of the processes really involved to cope with the different types of perturbations.

It has been suggested that adaptation processes are related to solving a credit assignment problem [START_REF] Wilke | Sensorimotor Recalibration Depends on Attribution of Sensory Prediction Errors to Internal Causes[END_REF]. In fact, there are plenty of potential factors for a given movement error. The nervous system is able to assign to an external or to an internal cause the occurrence of errors. For example, error in movement can arise from a perturbation imposed by the environment that explicitly refers to external causes. Another potential source can be muscular fatigue which is an internal cause that refers to our own body. The attribution of errors to extrinsic versus intrinsic coordinates may be associated with differences in the degree of generalization. For example, [START_REF] Berniker | Estimating the sources of motor errors for adaptation and generalization[END_REF] suggested that if errors are assigned to a change in limb properties (internal cause), generalization appears across the workspace but not across movement with the other limb. In addition, it has been suggested in a rotation paradigm that the "recalibration" of internal sensory predictions (i.e. update of forward internal model to face perturbation) was closely depending on the attribution of predictions errors to internal causes [START_REF] Wilke | Sensorimotor Recalibration Depends on Attribution of Sensory Prediction Errors to Internal Causes[END_REF].

In a coherent manner, the awareness of the perturbation is also closely related to the credit assignment problem. When a subject consciously perceives the perturbation, the observed error is believed to be the result of either a change in the external environment or a misrepresentation of the action. It is therefore logical that adaptation, or learning, becomes strongly associated with the context in which it is elicited. The adjustment is then a local rearrangement tied to a particular situation in which the CNS learns a new visuomotor transformation with a narrow spatial (Krakauer & Mazzoni, 2011) or velocity [START_REF] Kitazawa | Prism Adaptation of Reaching Movements: Specificity for the Velocity of Reaching[END_REF] adjustment. However, when the subject is not aware of the perturbation, (e.g. introduced gradually), the CNS can interpret errors as a result of its own variability, and thus correct some of the basic coordination parameters that underlie the organization of the sensorimotor system. A consistent probe of this idea is that gradually introduced perturbations are associated with stronger after-effects [START_REF] Malfait | Is interlimb transfer of force-field adaptation a cognitive response to the sudden introduction of load?[END_REF][START_REF] Magescas | A jointcentred model accounts for movement curvature and spatial variability[END_REF][START_REF] Michel | Enhancing Visuomotor Adaptation by Reducing Error Signals: Single-step (Aware) versus Multiple-step (Unaware) Exposure to Wedge Prisms[END_REF]. Under small or moderate systematic perturbations (lower than 12 degrees), when the real hand and forelimb are seen, selfattribution of the error is obviously straightforward.

Consistently, Wei and Kording (2009) pointed out that adaptation is strongly related to the relevance of perceived movement errors. In other words, the nervous system would not successfully adapt if perceived errors are judged as irrelevant. Errors that are long lasting, not consciously perceived and/or attributed to the internal causes are more likely categorized as relevant errors, i.e. errors that need the adjustment of inverse and forward models to be corrected. Therefore, this type of error attribution would favor the implication of contextindependent processes that allow generalization of compensations.

Therefore, a likely functional hypothesis would be that when errors are assigned to an external cause, compensations counteracting the perturbation would be local and contextual and thus would not or little generalize towards other conditions. Conversely, if errors are assigned to an internal cause, perturbation would lead to the generalization of compensations to other conditions. Thus, true adaptation would occur when new mappings of internal representations about our own body are generated to counteract the perturbation, and mainly when perturbation is assigned to internal causes. On the contrary, if the perturbation encountered is assigned to an external cause, the nervous system would modify internal representations about the environment and the self, restricted to the particular context in which perturbations were produced. For this reason, compensations might not transfer to conditions different than those experienced during perturbation. Additionally, exposure context would directly influence the solving of credit assignment problem and therefore the processes involved. This possible explanation can support the main difference observed between body/head centered perturbations versus perturbation off-body/head centered using an interface/tool. That may explain the differences in generalization across paradigms and therefore suggests that different adaptive processes are actually involved. For example, in force-field experiment, the compensations that are considered as adaptation may in fact be mostly related to the establishment of specific new mappings when using the interface because movement errors are assigned to an external cause. Thus, the processes involved may imply compensations associated with a strong context specificity i.e., context-dependent processes.

Discussion and Conclusion

The aim of this paper was to compare methodologies used to investigate sensorimotor plasticity processes. We focused on methods described as "adaptation" paradigms: Coriolis forces, force-field, visuomotor rotation and prismatic lenses. We compared those paradigms with respect to three specific methodological features (application of the perturbation, aftereffects assessment and generalization properties). The purpose of this work was to shed light on this central issue: Do all these paradigms exhibit similar processes and or do they involve distinct functional processes? To answer this question, we used generalization properties as a relevant feature associated with credit assignment problem to emphasize the involvement of different processes in "adaptation" paradigms. We attempted to reveal the link between generalization properties and context-dependency entailed by experimental conditions.

Similarities are present between the different paradigms. Similar error reduction curves (rapid then gradual decrease of errors) and the presence of "after-effects" (opposite to the direction of the initial perturbation) are observed across all paradigms. Nevertheless, important differences can be seen between the different methods in particular concerning the application of the perturbation (contact vs contactless perturbation; body-centered vs off body-centered). Another important dissimilarity is how the after-effects and generalization are assessed (removal vs remaining presence of the perturbation settings), highlighting a lack of consensus on these concepts across paradigms. Given these important differences, the question raised by this study makes perfect sense: are the same processes all involved in all of these methods? Exposure to prism deviation, or Coriolis force-field allows the direct perception of one's own effector without any external force. As such, they entail extended sensory, sensorimotor, and motor after-effects of the effector or of the axial components (eye, head). This is the case not only in the particular context of the exposure, but in a broader spatial, cross modal context and beyond the perturbation apparatus. These paradigms therefore imply essentially context-independent processes. Force-field or rotated visuomotor feedback may rather mostly imply context-dependent processes insofar as they generally only allow the indirect perception of one's own effector through a symbolic image of the effector (cursor, 3D avatar) and imply the presence of an external force applied through a mechanical contact on the reaching arm. As such they may also entail sensory, sensorimotor and motor after-effects of the effector, but only within the narrow context in which they have been acquired. This would support the fact that after-effects decrease sharply when the perturbation apparatus is explicitly removed.

We reviewed that a possible two state model (fast vs slow process, explicit vs implicit process) can explain compensations acquired to face prismatic deviation, as well as visuomotor rotations or force-fields. In addition, the framework of internal representations and sensory prediction errors also allows to explain compensations set up to counteract the different perturbations. Thus, considering these similarities, the different paradigms indeed would reflect similar sensorimotor processes on one hand. On the other hand, other form of learning (model-free) are also involved in visuomotor rotations and force-field paradigms and may rely more on a strategic behaviour compared with prisms or Coriolis force paradigms.

The presence of these model-free learning processes in "adaptation" paradigms questions previous definitions of adaptation. In fact, the specific distinctions and potential overlaps between these proposed involved processes are difficult to clearly define. For example, a particular question is to understand the link between explicit processes proposed in the two state model and other forms of learning: is the explicit component (i.e. strategic component in prism studies) of adaptation a general learning mechanism, or are explicit and implicit processes distinct components of adaptation that are independently from other forms of learning? As suggested by Krakauer and Mazzoni (2011), learning and adaptation might rely on a continuum on which several others subprocesses may overlap. A remaining question is the degree of context-specificity associated with these subprocesses.

Another important question raised by this review concerns the notion of generalization. The capacity to transfer compensatory adjustments beyond the exposure context represents a crucial interest for clinically relevant purposes as demonstrated by the strong rehabilitation effect of prism adaptation in hemineglect patients [START_REF] Jacquin-Courtois | Rehabilitation of spatial neglect by prism adaptation: A peculiar expansion of sensorimotor after-effects to spatial cognition[END_REF][START_REF] Rossetti | Prism adaptation to a rightward optical deviation rehabilitates left hemispatial neglect[END_REF]. Over and above the aforementioned taxonomy issues and lack of consensus across paradigms, the concept of generalization properties is characterized by a large amount of heterogeneity both between and within each adaptation paradigm.

Although generalization depends considerably on specific exposure conditions, it appears that body-centered perturbations (notably prisms) facilitate self-attribution of errors. As a consequence, compensating for such perturbation leads to a possible broad generalization to other context (i.e. others workspace), thus reflecting context-independent processes.

Conversely, attribution of errors to external causes (favoured by the existence of a handleinduced contact cue and/or the presence of an interface in most force-field and visuomotor rotation experiments) may lead to context-dependent compensations.

Nevertheless, this hypothetical relationship between error attribution and degree of context specificity of elicited transformations arises from analysis of differences between adaptation paradigms and needs future verification. In fact, a better understanding of the notion of generalization needs to be developed in further work concomitantly with the concept of credit assignment. A greater focus on the necessary conditions to elicit processes leading to robust generalization could provide interesting findings in order to better distinguish the relative contribution of processes. Specifically, elucidation of conditions required to trigger context-independent processes is of great interest: developing a model specifically centred on generalization properties could be very useful as a foundation for improved rehabilitation therapies.

This review was limited to the analysis of the most prominent adaptation paradigms studying reaching movements. Nevertheless, it is important to notice that other paradigms have been used to study sensorimotor adaptation to in-depth prisms [START_REF] Priot | Partitioning the components of visuomotor adaptation to prism-altered distance[END_REF], to underwater viscous field [START_REF] Macaluso | Kinematic features of whole-body reaching movements underwater: Neutral buoyancy effects[END_REF] or to modified gravity or weightlessness [START_REF] Clément | Adaptation of postural control to weightlessness[END_REF][START_REF] Gaveau | Sensorimotor adaptation of point-to-point arm movements after spaceflight: the role of internal representation of gravity force in trajectory planning[END_REF][START_REF] Macaluso | Sensorimotor Reorganizations of Arm Kinematics and Postural Strategy for Functional Whole-Body Reaching Movements in Microgravity[END_REF][START_REF] Opsomer | Dexterous Manipulation During Rhythmic Arm Movements in Mars, Moon, and Micro-Gravity[END_REF][START_REF] Pozzo | Effect of weightlessness on posture and movement control during a whole body reaching task[END_REF]. Finally, error reduction without perturbation (i.e. analysis of the time-series statistics of natural movement errors) has also been investigated in order to highlight the properties of movement planning motor noise vs movement execution motor noise [START_REF] Beers | Motor Learning Is Optimally Tuned to the Properties of Motor Noise[END_REF].

To conclude, we posit that the comparative analysis of prism and other adaptation paradigms reveals that different processes may actually be involved to counteract a perturbation. Specifically, we suggest the possibility that paradigms involving an interface/tool, a non-body-centred perturbation and a symbolic representation of the effector, may favour compensations that are more context-dependent. Although this work provides a holistic overview of comparison between different methods and highlights crucial questioning, each level of analysis deserves to be more thoroughly investigated. Notably, even though the neural substrates involved in "adaptation" paradigm are beyond the scope of this paper, their investigation is necessary for an integrative approach. Future work should address these limitations by providing more specific and exhaustive analysis, i.e. focusing on one level of analysis (e.g. generalization).

Notwithstanding these limitations, this study offers a framework to better capture substantial questions about sensorimotor plasticity processes and adaptation paradigms. The aim of the present analysis was not to make a hierarchy of adaptation paradigms but rather to offer a comparison between the different methods and to encourage future works to take into account the specific characteristics of each one. Another important point was to emphasize the lack of clarity and confusion that is still common around the processes of sensorimotor plasticity.

Though much progress has been made in understanding sensorimotor plasticity, more work is still needed to achieve a unified picture of the process. Approaching the phenomena using multiple methods of perturbation is crucial for making such progress. However, a central issue is to be aware of the specific ways that constructs are defined for each paradigm.

  

[START_REF] Gaveau | Visuomotor adaptation needs a validation of prediction error by feedback error[END_REF][START_REF] Gaveau | Paradoxical adaptation of successful movements: The crucial role of internal error signals[END_REF][START_REF] O'shea | Kinematic markers dissociate error correction from sensorimotor realignment during prism adaptation[END_REF]. The different types of
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Table 1

Generalization

With the same apparatus Yes [START_REF] Harris | Adaptation to Displaced Vision: Visual, Motor, or Proprioceptive Change?[END_REF] Yes [START_REF] Lackner | Rapid adaptation to Coriolis force perturbations of arm trajectory[END_REF] Yes [START_REF] Kluzik | Reach Adaptation: What Determines Whether We Learn an Internal Model of the Tool or Adapt the Model of Our Arm[END_REF] Yes (Mazzoni & Krakauer, 2002) To natural movements Yes [START_REF] Redding | Applications of prism adaptation: a tutorial in theory and method[END_REF] Yes [START_REF] Lefumat | To transfer or not to transfer? Kinematics and laterality quotient predict interlimb transfer of motor learning[END_REF] No [START_REF] Cothros | Are there distinct neural representations of object and limb dynamics[END_REF] No available 2

To the other arm/limb Yes (Choe & Welch, Yes Yes Yes [START_REF] Wang | Limitations in interlimb transfer of visuomotor rotations[END_REF] 1974) /No (Prablanc et al., 1975;[START_REF] Yin | Long-lasting aftereffects of prism adaptation in the monkey[END_REF]) [START_REF] Lefumat | To transfer or not to transfer? Kinematics and laterality quotient predict interlimb transfer of motor learning[END_REF] ( [START_REF] Criscimagna-Hemminger | Learned Dynamics of Reaching Movements Generalize From Dominant to Nondominant Arm[END_REF] / No [START_REF] Krakauer | Learning of visuomotor transformations for vectorial planning of reaching trajectories[END_REF] Summary of the main disparities among the different paradigms. Note. 1 Refers to a contact between a device and the reaching arm. 2 To our knowledge, transfer of compensations induced by visuomotor experiments to natural movements has not been investigated.

NB: references to the literature are provided to illustrate findings concerning generalization properties in a non-exhaustive manner.