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Reconciling Fitts' law with Shannon's Information Theory

Shannon's information theory has had a tremendous impact on various scientific fields in the 1950s and 1960s, including psychology [START_REF] Attneave | Applications of information theory to psychology[END_REF]. In this period of time there has been a strong reaction of Shannon and colleagues [START_REF] Shannon | The bandwagon[END_REF][START_REF] Elias | Two famous papers[END_REF] against the exaggerated use of information theoretic ideas in fields such as psychology, biology and linguistics. The fact is, Shannon's mathematical theory of communication has been more or less put aside in psychology and is no longer considered useful today [START_REF] Luce | Whatever happened to information theory in psychology?[END_REF].

What seems to be an important exception is Fitts' law [START_REF] Fitts | The influence of response coding on performance in motor tasks[END_REF][START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF], a well-known empirical rule which predicts the average time T it takes people, under time pressure, to reach with some pointer a target of width W located at distance D. The movement time is a linear function of the index of difficulty ID which is generally given by the so-called Shannon formulation ID= log 2 (1 + D/W ) [START_REF] Soukoreff | Towards a standard for pointing device evaluation, perspectives on 27 years of Fitts' law research in HCI[END_REF] (an ISO standard) yet other similar formulations can also be considered [START_REF] Rioul | The power model of Fitts' law does not encompass the logarithmic model[END_REF].

Despite an attempt to theoretically explain Fitts' law in terms of information theory [START_REF] Soukoreff | An informatic rationale for the speed-accuracy trade-off[END_REF], many different aspects are still unclear [START_REF] Hoffmann | Which version/variation of Fitts' law? a critique of information-theory models[END_REF] and it seems that the only justification is a vague analogy with Shannon's capacity theorem. Based on [START_REF] Rioul | On Shannon's formula and Hartley's rule : Beyond the mathematical coincidence[END_REF], we go beyond the analysis of [START_REF] Soukoreff | An informatic rationale for the speed-accuracy trade-off[END_REF] and derive a new mathematical approach that attempts to derive Fitts' law from information-theoretic arguments:

We first present combinatorial arguments in various geometric frameworks to account for different formulations of the index of difficulty.

We then propose a simple communication channel model for rapid aimed movement leading to Fitts' law, with discrete input (the intention of the participant) maximizing the information to be transmitted, uniform additive noise (maximizing entropy under the simple assumption of zero error) and continuous output representing the endpoint coordinates.

Finally, we show that the formulation ID= log 2 (1 + D/W ) can be obtained anew by a rigorous derivation of Shannon's capacity theorem for our simple channel model, reconciling Fitts' law with Shannon's theorem 17: C = W log(1 + S/N ).