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Response delays and the timing of discrete motor responses* ALAN M. WING and A. B. KRISTOFFERSON McMaster University, Hamilton, Ontario, Canada A model for the timing of repetitive discrete motor responses is proposed, and a prediction of negative dependency between successive interresponse intervals is congn’med by data from a Morse key tapping task. A method that makes use of the first-order serial correlation between interresponse intervals is used to distinguish between vari~ince due to a timekeeping process and variance in motor response delays subsequent to the timekeeper. These two quantities are examined as a function of mean interresponse interval.



For simple skills such as the periodic tapping of a Morse telegraph key where the response of key closure is easily produced and_is repeatable, successive responses may be used to define a chain of interresponse intervals.’ Wing and Kristofferson (1973) have examined the relation between interresponse interval mean and variance for experiments in which hJghiy trained Ss produced many such sequences of interresponse intervals in the range from 170 through 350 msec. To account for the observed function, they proposed a mechanism for the timing of discrete responses with two distinct processes (see Fig. 1). At intervals, Cj, a timekeeping process is assumed to generate trigger pulses, each of which initiates a motor response. In addition, to allow for the effects of, for example, neuromuscular transmission lags, movement time, etc., a delay process is assumed. Thus, subsequent to the jth trigger pulse, there is a delay, Di, before the response is observed. In this paper, we assume that C and D are independent random variables with means, #c and #D, and variances, ~2c and OD, respectively. The jth interresponse interval (assumed greater than zero) is given by: Ii : C~ - Di_1 + Di



(1)



7I(1) PI(1) = ~/i(0) where the lag one covariance, 71(1), is defined as the expectation over all intervals of the product of the deviation of one interresponse interval about the mean and the deviation of the immediately preceding interval _about the mean: 7i(1) = E[(I) - #i)(Ii_1 -/.q)] ; j .... , -1,0, +1, "’" = E[(C~ - D~-I + Di - #I) ¯ (Cj-1 -



=



Di-2 + Di-1



-



- ~I)]



-



2 = --OD,



(2)



since, for independent random variables, C and D, all the other expectations are zero. The lag zero covariance is defined: ~i(O) = E [(Ij --/,!i)(Ij -- /’/I)1



with mean,/dI = #12, and variance, oF. 2 = OI McGill (1962) has suggested the special case of this model, for which oh =0, as an account of rate = E[(Ci - Di_l + Di - #I) fluctuations in, for example, the action potentials of the horseshoe crab optic nerve. If it is assumed that D is ¯ (Ci -Dj_I +Dj -~i)] exponentially distributed, it can be shown that I should have the Laplace distribution, and he presented data with I distributions of this form as support for the model. Thus, for the two-process timing mechanism, the lag one The lag one serial correlation, at(l), may be used as a serial correlation is given by: measure of the statistical dependence between successive interresponse intervals. It is defined: 0i(!) =’- ~ (4)



= 4 + 2o .
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(3)



Equation 4, which is formally equivalent to a result
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Fig. 1. Schematic of a t~vo-process mechanism for the timing of repetitive discrete motor responses.



derived by Ten Hoopen and Reuver (1967), is important for the reason that it demonstrates that negative dependence between successive intervals in a response timing task need not be a result of the feedback of temporal information from the previous interresponse interval in the production of the current interval. While we could not reject a feedback interpretation if negative lag one serial correlation Is found in interval production tasks, the important point is that a simpler alternative would be that such correlation is just an artifact of the



and the variance of the timekeeper. Data from a previously unpublished experiment using different Ss and intervals in the range of 250-400 msec are also reported.



METHOD



The procedure ~s fully described in Wing and Kristofferson (1973). In each session. Ss were exposed to five blocks of 11 sequences of combined paced and unpaced Morse keytapping using the right hand. After a warning signal, each sequence began delays in the system subsequent to the controlled timing with 24 auditory pulses of 10 msec duration separated by fixed of a particular interval. For example, the special case intervals of (T - 10) msec w~th which S attempted to synchromze his keytap responses. Following the last of the train for which the timekeeper has no variability of pulses in this synchronization phase, S was required to = (o~ 0) would lead to PI(I) of negative one half. On the continue tapping at the established, fixed rate for a further 31 other hand. a prediction of zero pi(1) obtains if the responses. A warning s~gnal sounded on the last response in this continuation phase to indicate to S that he should stop. In any timekeeper variance is very large Furthermore, if ag is intermediate with respect to these sessmn, only one value of the standard. T, was used. In Experiment I (hereafter referred to as Experiment A~) of two extremes, a value would be expected for pi(1) in the Wing and Kristofferson, six values of T were used which ranged range 0 >pi(1) > -1/2, depending on the ratio of the from 180 through 350 msec; at each T, prior to the four sessions timekeeper variance to the variance of response delays. from which data was taken for analysis, Ss were given six Suppose interest is centered on possible mechanisms practice sessions. In thee Experiment II (A~), using the same four Ss, the three values of T were 170, 220, and 270 msec, but for the timekeeper itself. An important clue to the only four practice sessions were given. Since the Ss appeared to nature of the timekeeper could be provided by its be physically limited in responding at the fastest rate (T = variability as a function of interresponse interval. Wing 170 msec), those data are not treated here. In the experiment and Kristofferson (1973) have used estimates of or as not previously reported (B), four different Ss were run, using the 2 . same procedure with four practice sessions preceding data approximations to Oc, assuming that the contribution of collection at six T values from 250 to 400 msec. o~) to the overall variance is not a function of interresponse interval. Rather than making such an RESULTS assumption, it would be preferable to make a direct determination of ag. This may be done by using the Analyses are based on the last 30 intervals recorded in following relation derived from Eqs. 2 and 3:



the continuation phase of each of the sequences run in the last four sessions at each T value. Sequences in which 0"¢ : 9’i(0) + 27i(1) (5) "missed" or "bounced" key responses occurred were not included in the analysis. (Less than 5% of sequences for In this paper, the data of Wing and Kristofferson (1973) Ss in Experiments A~ and A2 had to be rejected; a are subjected to the analysis suggested by Eq. 5 in order slightly higher percentage of sequences in Experiment B to examine the relation between interresponse interval could not be used on this basis.) 2
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