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RESPONSE ARTICLE

Event-Based and Emergent Timing: Dichotomy or Continuum?
A Reply to Repp and Steinman (2010)
Didier Delignières, Kjerstin Torre
EA 2991 Movement to Health, University Montpellier 1, France.

ABSTRACT. B. H. Repp and S. R. Steiman (2010) suggested that
event-based and emergent timing, usually conceived as mutually
exclusive modes of timing, could in fact coexist in a single activity.
According to this point of view, rhythmic activities could exploit
mixtures of control modes, in which the relative importance of
event-based and emergent components could depend on task char-
acteristics. This point of view, in the opinion of the authors of the
present article, corresponds to a fundamental misunderstanding of
the theoretical basis of the event-based and emergent distinction,
and is not supported by any experimental evidence. However, they
present some new results that could support new lines of reasoning
for the future developments of research in this domain.

Keywords: emergent timing, event-based timing, windowed auto-
correlation

T iming has been for a long time considered a general-

purpose ability that could be shared by a variety of

perceptual and motor tasks (Ivry & Hazeltine, 1995; Keele

& Ivry, 1987). This idea was supported by a number of

studies showing that timing variability was significantly

correlated across different rhythmic tasks (Franz, Zelaznik,

& Smith, 1992; Keele, Pokorny, Corcos, & Ivry, 1985).

However, Robertson et al. (1999) showed that individual

differences in the variability of timing in a tapping task were

not significantly correlated with individual differences in a

circle-drawing task (see also Zelaznik, Spencer, & Doffin,

2000), and suggested that these two tasks could involve

distinct timing control processes. Robertson et al. (1999)

considered that the continuous–discontinuous character of

the movements involved in these tasks represented a key

factor for this distinction. According to the authors, finger

tapping appears as the concatenation of discrete movements,

triggered by an internal clock, which determines significant

events in time (see the basic model by Wing & Kristofferson,

1973). In contrast, for tasks such as circle drawing, requiring

smooth and continuous movements, the timing is assumed

to be regulated on the basis of a different process, involving

the dynamical properties of the effector. Spencer and Ivry

(2005) proposed to refer to these two timing modes as

event-based and emergent timing, respectively.

Spencer, Zelaznik, Diedrichsen, and Ivry (2003) provided

a neurological basis for this distinction, showing that pa-

tients with cerebellar damage were selectively impaired in

discontinuous rhythmic tasks, but were unimpaired in a con-

tinuous task (see also Spencer & Ivry, 2005; Spencer, Ivry

& Zelaznik, 2003). This distinction has also been supported

by theoretical analyses from the dynamical systems perspec-

tive, showing that the timing of discrete movements requires

the intervention of a central timekeeper, whereas rhythmic

continuous movements can exploit the limit-cycle dynamics

of effectors, considered as self-sustained oscillators (Huys,

Studenka, Rheaume, Zelaznik, & Jirsa, 2008; Schöner,

2002).

In the last decade, the purpose of a number of experimen-

tal papers was to determine statistical signatures allowing

for unambiguously identifying the nature (event-based vs.

emergent) of the timing process involved in a given rhyth-

mic activity. Here we briefly present two frequently used

approaches, based on autocorrelation and spectral analyses.

Event-based timing is nicely captured by the well-known

Wing and Kristofferson (1973) model, which states that a

central timekeeper provides series of time intervals Ci. The

boundaries of these intervals represent cognitive events that

trigger the successive motor responses. However, each motor

response occurs following a given delay Mi. These basic

propositions yield the following model:

Ii = Ci +Mi −Mi−1 (1)

in which Ii represents the series of effectively produced in-

tervals. In the initial formulation of the model, Ci and Mi

are both considered as stationary processes presenting white

noise fluctuations around a stable value, and as such this

model implies a negative lag-one autocorrelation in the series

of produced intervals, due to the presence of the differenced

white noise term (Mi – Mi–1).

In contrast, Delignières, Lemoine, and Torre (2004) sug-

gested that in emergent timing intervals are determined by

the periods of a self-sustained oscillator (Di): In that case,

motor noise affects the entire period, leading to the following

formulation:

Ii = Di +Mi (2)

This equation suggests that the negative lag-one autocor-

relation should not be present in the case of emergent timing.

Note that these predictions, in terms of lag-one autocorre-

lation in event-based and emergent timing, are based on

the hypothesis that Ci and Di are processes characterized

by uncorrelated fluctuations around a constant mean value.

However Gilden, Thornton, and Mallon (1995) showed that

in tapping tasks the Ci component contains fractal fluctua-

tions (see also Lemoine, Torre, & Delignières, 2006), and

Delignières et al. (2004) evidenced the same result for the Di
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component in forearm oscillations, a typical emergent tim-

ing task. These observations are important because fractal

fluctuations tend to induce positive autocorrelations, and es-

pecially when autocorrelations are computed on long series

(Lemoine & Delignières, 2009).

Empirically, the combined influences of the differenced

white noise affecting each period and the fractal fluctuations

over the sequence of periods yield a negative lag-one autocor-

relation for event-based timing. This result is not surprising,

considering that the differenced white noise presents much

more power in high frequencies than fractal fluctuations (see

Delignières et al., 2004). Note that for revealing this neg-

ative value, autocorrelation should be preferably computed

on short segments of the series (Lemoine & Delignières,

2009). In contrast, emergent timing is characterized by a

nonnegative, often positive lag-one autocorrelation, so that

the lag-one autocorrelation represents a rather consistent and

reliable signature, which allows for an unambiguous distinc-

tion between event-based and emergent timing.

Delignières et al. (2004) showed that spectral analysis

could provide a second signature to distinguish between the

two timing modes. They showed, in an experiment contrast-

ing finger tapping and forearm oscillation, that in both cases

the log-log power spectrum presented a typical negative slope

close to –1 in the low-frequency region, revealing the pres-

ence of fractal fluctuations. In the high-frequency region,

however, the log-log power spectrum presented a positive

slope for finger tapping, but a slightly negative slope for fore-

arm oscillation. These contrasted high-frequency signatures

were interpreted as the by-products of the noise terms that

characterize Equations 1 and 2. In the case of event-based

timing, the differenced noise term (Mi – Mi–1) tends to in-

duce a positive trend in the log-log spectrum (i.e., the power

due to this noise term increases with frequency). Because

the power due to 1/f fluctuation tends conversely to decrease

with frequency, the trend induced by the differenced noise

term dominates the spectrum in the high-frequency region

(Delignières, Torre, & Lemoine, 2008; Gilden et al., 1995).

In the case of emergent timing, the single white noise com-

ponent tends to flatten the spectrum in the high-frequency

region, but the slope remains negative, due to the influence

of 1/f fluctuation (Delignières et al., 2004).

Dichotomy or Continuum?

During the last decade, event-based and emergent timing

have been studied through experiments contrasting prototypi-

cal tasks, in particular discrete finger tapping for event-based

timing, and continuous circle drawing or forearm oscilla-

tion for emergent timing (Delignières et al., 2004; Robertson

et al., 1999). The two forms of temporal control are usually

considered as mutually exclusive. We would like to react, in

the present article, to a series of arguments recently devel-

oped by Repp and Steinman (2010), which tend to contradict

this statement. Note that the main empirical contribution of

Repp and Steinman was to show that in a dual-task condition

in which one hand was used for tapping and the other for

circle drawing, each hand seemed controlled by a specific

timing mode, event-based for the first hand and emergent for

the second, respectively. These results showed that the two

timing modes could be used simultaneously and coordinated,

for two distinct effectors performing different tasks. Here we

do not consider this interesting result, but, rather, a line of

reasoning presented in the introduction and the conclusion

of Repp and Steinman’s article, which suggests that the two

timing modes could coexist in a single activity (i.e., tapping

or circle drawing, performed in isolation by a single effector).

Repp and Steinman (2010) suggested that “we may be

dealing with a continuum of task-dependent mixtures of

control modes rather than with two categorical alternatives”

(p. 112). More precisely, they argued that

emergent timing is a matter of degree and can (and usu-
ally does) coexist with event-based timing even in a single
task. Event-based timing requires discrete events to be
timed, and the clarity with which such events are delin-
eated in a particular experimental situation will determine
the relative strength of the event-based timing compo-
nent. The continuity of the movement is largely what
determines the strength of emergent timing. (p. 124)

In sum, Repp and Steinman (2010) propose a kind of

hybrid model, containing an event-based component and

an emergent component, whose respective contributions

to timing control could vary, especially according to task

characteristics.

This assumption is based on some recent experimental re-

sults that show that, under some particular conditions, it is

possible to observe the signature of emergent timing in tasks

traditionally thought to elicit event-based timing, and vice

versa. For instance, Repp and Steinman (2010) referred to

a study by Studenka and Zelaznik (2008), who showed that

circle drawing with the nondominant hand, even after prac-

tice, yielded a negative lag-one autocorrelation. Conversely,

in a study by Huys et al. (2008), individuals performing on

a tapping task produced less discrete movements when the

imposed tempo increased, so that the movements appeared

to be emergently timed (see also Repp, 2008).

We strongly disagree with the conclusions that Repp and

Steinman (2010) drew from such experimental observations.

Instead, we support the idea that event-based and emergent

timing represent two exclusive alternatives. At different mo-

ments during the performance on a given task, subjects may

alternatively exploit an event-based or an emergent mode

of timing; however, the idea of a mixture of event-based

and emergent processes operating simultaneously cannot be

sustainable. This latest assumption, we think, is based on a

fundamental misinterpretation of the theoretical foundations

of the event-based and emergent framework. We try in the

following sections to provide theoretical arguments to defend

our position, and we present some empirical observations to

support a different explanation for the empirical evidences

interpreted by Repp and Steinman.
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Event-Based and Emergent Timing

Back to the Basics: The Core of the Event-Based
and Emergent Dichotomy

It is important to keep in mind that the key point of

the event-based and emergent timing distinction is in the

processes for temporal regulation involved, and not in the

form of the movements performed. As Repp and Steinman

(2010) mentioned, “event-based timing is thought to require

an explicit cognitive representation of the temporal interval

to be produced . . ., whereas emergent timing arises from

dynamic control of nontemporal movement parameters

such as stiffness” (p. 111). In other words, the essential

difference between event-based and emergent timing is

in the involvement or noninvolvement, respectively, of an

abstract and effector-independent representation of the time

intervals to produce. This basic distinction does not allow

for a graduation in the relative contributions of event-based

and emergent timing: it necessarily implies that the two

timing modes are mutually exclusive.

To Repp and Steinman’s (2010) defense, it is true that the

definition of the event-based versus emergent timing distinc-

tion is often loosely confounded with the characteristics of

the experimental tasks that are commonly used to favor the

exploitation of one or the other form of timing. Emergent

timing is thought to be favored in tasks requiring continuous

movements, such as circle drawing, or forearm oscillations.

Conversely, event-based timing is elicited by tasks punctu-

ated by periodic discrete motor events, such as finger tapping.

The links between circle drawing and emergent timing, on

the one hand, and between tapping and event-based timing,

one the other hand, are obviously not so strict: Zelaznik,

Spencer, and Ivry (2002) showed that requiring participants

to pause between each cycle during circle drawing induced

event-based timing. Conversely, Spencer et al. (2003) showed

that air tapping (i.e., tapping without contact) favored emer-

gent timing when instructions were given to perform smooth

movements. Generally, the presence of discrete motor events

appears the hallmark of event-based tasks. In this respect,

Repp and Steinman argued that “event-based timing requires

discrete events to be timed” (p. 124).

In our opinion, there is a fundamental ambiguity about

what the term event means in the definition of event-based

timing. As mentioned previously, event-based timing refers

to the assumption that serial motor responses are triggered

by a sequence of discrete cognitive events, provided by an

internal timekeeper. The fact that it is possible to distinguish

salient events in the movements required in a given task is

obviously a factor that favors the exploitation of an event-

based timing mode. Nevertheless, the presence of such motor

events does not necessarily imply the involvement of event-

based timing. For instance, rhythmic forearm oscillations are

characterized by two particular events per cycle: the maxi-

mal pronation and supination reversals; however, we clearly

showed, using spectral analysis, that this task was emergently

timed (Delignières et al., 2004; Torre & Delignières, 2008a).

Symmetrically, it can be argued that from the moment that

effectors perform periodic trajectories, an emergent form of

timing should be involved. For example, in a typical event-

based task such as tapping, the movements of the finger can-

not be considered instantaneous pulses, but rather present

periodic motions of extension and flexion. In other words,

trajectories could be supposed to contribute to time produc-

tion, even in event-based prototypical tasks, supporting the

hypothesis of an emergent component in tasks like finger

tapping. However, effector trajectories present completely

different shapes in event-based and emergent timing: In par-

ticular, effector dynamics tend to obey a limit cycle dynamics

in the case of emergent timing, although they do not in the

case of event-based timing (Huys et al., 2008). As stated

by Torre, Balasubramaniam, and Delignières (2010), “move-

ment dynamics may be considered as serving event-based

timing . . . while it generates emergent timing” (p. 341).

In sum, we believe that the assumption that there may

be a continuum between event-based and emergent timing

comes from a confusion in the theoretical foundations of the

event-based and emergent timing distinction. Considering

that the distinction refers primarily to the properties of the

movements performed would indeed allow for different

graduations on a continuum between the two timing modes.

However, the theoretical distinction refers essentially to

the processes of emergent and event-based timing, among

which only the latest involves an abstract representation of

time intervals delimited by cognitive events. In this respect,

event-based and emergent timing are necessarily exclusive.

Possible Alternations Between Timing Modes

However, we agree that experimental results are often dif-

ficult to interpret following an exclusive conception of event-

based and emergent timing. Even though the timing processes

are exclusive, their expression in actual rhythmic perfor-

mance may sometimes appear equivocal: tasks cannot be

definitely characterized as event-based or emergent, and the

analysis of the statistical signatures of the two timing modes

sometimes suggests that, in the same task, some participants

can exploit event-based timing whereas others exploit emer-

gent timing. In a study by Lemoine et al. (2006), for example,

12 participants performed finger tapping in two frequency

conditions (1.8 and 1.25 Hz). Lemoine et al. found a positive

slope in high frequency only for 8 participants at 1.8 Hz, and

in 6 participants at 1.25 Hz. This suggests that the form of

timing involved is specific to the way participants perform

on a given task, but not to the task itself. It may be dependent

on a number of factors, including motion frequency (Huys

et al., 2008; Repp, 2008), learning and practice (Studenka

& Zelaznik, 2008), and instructions (Huys et al., 2008).

However, it seems evident that some tasks tend to favor

event-based timing (i.e., discrete finger tapping), and some

others emergent timing (i.e., continuous circle drawing or

forearm oscillations). Some others tasks appear more am-

biguous and could be performed, alternatively, following one

mode or the other. Air tapping (in which taps are performed

in the air, without contact with any surface) seems to present

this ambiguity. Spencer et al. (2003) showed that instructing
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D. Delignières & K. Torre

participants to perform air tapping by moving the index finger

in a smooth, continuous manner induced the involvement of

emergent timing, whereas the instruction to pause briefly be-

fore each downstroke induced event-based timing. Without

any specific instruction about the way to perform, air tapping

could elicit different timing modes for different participants

(Huys et al., 2008; Madison & Delignières, 2009).

The air-tapping task is particularly interesting because

it potentially presents the specific characteristics of event-

based (presence of salient motor events) and emergently

timed tasks (smooth effector trajectories; see Balasubrama-

niam, Wing, & Daffertshofer, 2004). As such, air tapping

could represent a good opportunity for the expression of the

hybrid model proposed by Repp and Steinman (2010), with

the simultaneous expression of event-based and emergent

components. In support to this hypothesis, Lemoine (2007)

showed that although the mean lag-one autocorrelation was

negative in finger tapping, and positive in forearm oscillation,

it was close to zero in air tapping, suggesting the simultane-

ous influence of the two timing modes.

Considering the argumentation developed in the present

article, we obviously reject the possibility of such a hybrid

timing control. We suggest an alternative hypothesis: con-

sidering event-based and emergent timing as exclusive, and

determining negative or positive lag-one autocorrelations,

respectively, we suggest that obtaining a close-to-zero

mean lag-one autocorrelation, at the group level, could be

explained by the fact that some participants perform the task

on an event-based mode and some others on an emergent

one. At the individual level, obtaining a close-to-zero lag-one

autocorrelation could suggest that participants present an al-

ternation between epochs dominated by event-based control,

and epochs characterized by emergent timing. When com-

puted over the entire series, lag-one autocorrelation could be

close to zero, reflecting the contrasted influences of event-

based and emergent epochs. However, a more microscopic

analysis could reveal the evolution of lag-one autocorrelation

over time, from negative to positive values, and vice versa.

In order to test these contrasted hypotheses, we performed

an experiment in which participants were requested to pro-

duce regular time intervals in three conditions: (a) finger tap-

ping (participants had to tap on a table with the index finger of

their dominant hand), (b) forearm oscillations (participants

performed pronation-supination movements by moving a

joystick in the frontal plane with their dominant hand), and (c)

air tapping (similar to the first condition, except that the taps

were performed in the air, without contact with any surface).

Method

A total of 11 participants (6 men and 5 women; M age

26.8± 1.4 years) were involved in this experiment. All were

right-handed, and none of them had particular expertise or

extensive practice in music. They signed an informed consent

form, and were not paid for their participation. The exper-

imental protocol was approved by the Scientific Committee

of the Faculty of Sport Science of University Montpellier I.

Participants were comfortably seated at a table. In the tap-

ping task participants had to tap with the index finger on a

rectangular (4× 4 cm) pressure sensor (Radiospares). In the

air-tapping task an accelerometer (Lectronics, sensitivity 5 g)

was taped to the nail of the index finger. We used peaks of

vertical acceleration for detecting the maximal down strokes

of the finger. In the two tapping tasks the forearm and the

wrist were comfortably laid on the table. For the oscillation

task, we used a 15-cm wooden joystick, with a single de-

gree of freedom in the frontal plane. Participants were asked

to perform regular oscillations, with amplitude of about 45◦

on each side of the vertical position. The angular movements

were recorded with a potentiometer (Radiospares, 20 K resis-

tance and 25% linearity) located at the axis of the joystick.

In all experimental conditions, data were recorded with a

sampling frequency of 300 Hz. Participants did not receive

any instruction about the way to perform the tasks, in terms

of discreteness or smoothness of movements.

We used in all conditions a synchronization–continuation

paradigm: During a first stage participants were requested to

synchronize (a) the taps in the tapping task, (b) the maximal

flexion of the index finger in the air-tapping task, and (c) the

maximal pronation of the forearm in the oscillation task, with

the signals emitted by a metronome following a frequency

of 2 Hz. After 10 signals the metronome was removed, and

participants had to continue to move regularly, following the

initial tempo. The continuation phase was pursued up to the

recording of 128 successive time intervals. Each participant

performed a single trial in each condition. Because the main

goal of the experiment was to analyze individual behavior,

at a microscopic level, the performance of a single trial was

considered sufficient. The three conditions were performed

in random order by each participant.

We first computed the lag-one autocorrelation γ (1) of each

series. γ (1) gives information about the average dependence

in the series, but is unable to reveal evolutions in depen-

dence over time. In order to detect a possible variation of

the mean autocorrelation value over the duration of each

trial, we applied a windowed autocorrelation analysis to the

series: the lag-one autocorrelation was computed over the

30 first points, then the window was lagged by one point,

and so on until the end of the series. This analysis pro-

vided a series of (windowed) lag-one autocorrelations wγ (1)

for each time interval series produced in the three condi-

tions. We also considered the mean of the obtained series

(mean wγ (1)), as an estimator of overall dependence in the

series.

In line with our previous argumentation, we hypothesized

that γ (1) and mean wγ (1) should be negative in finger tap-

ping, positive in forearm oscillations, and close to zero in

air tapping. wγ (1) series should be consistently negative in

finger tapping, and conversely positive in forearm oscilla-

tion. Concerning air tapping, the hybrid model proposed by

Repp and Steinman (2010) predicted the possibility of close-

to-zero wγ (1) series. Our exclusive hypothesis, in contrast,

predicted that wγ (1) would present an alternation between

314 Journal of Motor Behavior
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TABLE 1. Autocorrelation Analysis of the Time
Interval Series Collected in the Three Tasks
(Tapping, Air Tapping, and Forearm Oscillations):
Lag-One Autocorrelation, γ(1); Mean Windowed
Lag-One Autocorrelation, Mean wγ(1); and
Percentage of Positive Windowed Lag-One
Autocorrelation

Variable Tapping Air tapping Oscillations

γ (1) 0.04 0.02 0.54
(± 0.16) (± 0.20) (± 0.16)

Mean wγ (1) −0.26 −0.08 0.26
(± 0.13) (± 0.18) (± 0.08)

% positive wγ (1) 9.00 34.11 88.37
(± 16.16) (± 31.75) (± 10.10)

positive and negative values, revealing epochs dominated by

emergent, or conversely event-based timing.

Results and Discussion

We present in Table 1 a summary of the results. γ (1)

was close to zero for tapping and air tapping, but clearly

positive for oscillations. A one-way repeated measures anal-

ysis of variance (ANOVA) revealed a significant effect of

task, F(2, 20) = 35.93, p < .000. A Scheffé post hoc test

showed that γ (1) was higher for oscillation than for the two

tapping tasks. Mean wγ (1) was negative for tapping, posi-

tive for oscillations, and slightly negative for air tapping. A

one-way repeated measures ANOVA revealed a significant

effect of task, F(2, 20) = 42.65, p < .000. All differences

between tasks were significant. wγ (1) was mostly negative

for tapping (only 9% of positive values) and positive for os-

cillations (88% of positive values). Air tapping presented an

intermediary picture, with a more balanced distribution be-

tween negative and positive values. There was a significant

effect of task, F(2, 20)= 46.98, p < .000, and all differences

between tasks were significant.

As can be seen, γ (1) seemed to present a systematic posi-

tive bias, in all conditions, as compared with mean wγ (1). It

is important to note that γ (1) is computed over the entire se-

ries, and is likely to be sensitive to the presence of long-range

correlations that tend to induce such positive bias. In contrast,

wγ (1) is computed over short windows, and is less affected

by long-range correlation. Mean wγ (1) values were more

consistent with theoretically expected values (i.e., negative

for event-based timing, and positive for emergent timing).

These mean results could support the idea that (a) tap-

ping is a typical event-based task, characterized by negative

lag-one autocorrelation; (b) forearm oscillation is a typical

emergent task, characterized by positive lag-one autocor-

relations; and (c) air tapping could appear as a mixed task,

containing event-based and emergent timing processes. How-

ever, the examination of the individual wγ (1) series provides

a completely different picture. We present in Figure 1 the

wγ (1) series obtained for four illustrative participants in the

three tasks. The left column presents the results obtained in

finger tapping. The autocorrelation remained negative over

the whole series, indicating the consistent exploitation of

event-based timing. Similar results were obtained for most

participants (except two, see subsequent analysis). The right

column presents the results obtained in forearm oscillations.

The autocorrelation remained positive over the whole series,

suggesting the consistent involvement of emergent timing. In

this condition also, similar results were obtained for most par-

ticipants (except two, see subsequent analysis). These results

thus support the idea that some prototypical tasks (finger

tapping or forearm oscillation) tend to favor the exploita-

tion of a specific timing mode (event-based or emergent,

respectively).

The central column presents the results obtained in the

air-tapping condition. The four selected participants were

characterized by very different autocorrelation series. For

participant 1 (top graph) wγ (1) remained negative during

the whole period of observation. We found this kind of result

in three participants. Conversely for participant 2 wγ (1) was

consistently positive. For participants 5 and 9, in contrast, we

observed an alternation between negative and positive wγ (1)

values. These results suggest that to perform rhythmic air

tapping, participant 1 consistently exploited an event-based

timing mode, whereas participant 2 exploited an emergent

timing mode. Participants 5 and 9 seemed to switch between

the two forms of timing during the course of the trial. These

results suggest that event-based and emergent timing modes

were not exploited simultaneously, but alternatively over the

course of the trial. We found this kind of alternation in seven

participants in the air-tapping task. Note that we also ob-

served such alternation for two participants (6 and 11) in the

finger-tapping task, and for two participants (6 and 10) in the

oscillation task.

The obtained series suggest that each timing mode was

used in alternation during periods of approximately 1 min.

Note, however, that the wγ (1) series provides a rough pic-

ture of the shifts that occur over the course of the trial. This

method is unable to detect fast to-and-fros that could occur

within 30 successive points. In that case windowed autocor-

relation should locally present values close to 0, reflecting

the successive influences of event-based and emergent tim-

ing within the considered window. Note also that because of

the overlapping between successive windows, a smooth tran-

sition from positive to negative value, or vice versa, could

actually correspond to an abrupt shift in timing mode.

Another more complex possibility for revealing these al-

ternations in timing mode could be to analyze the kinematics

of effectors. It is possible that during emergent epochs in air

tapping the trajectory of the index finger should be smooth

and harmonic, whereas during event-based epochs it should

be more jagged, with the presence of systematic pauses be-

fore each downstroke (see Balasubramaniam et al., 2004;

Huys et al., 2008). Further research is needed to explore this

hypothesis.
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Event-Based and Emergent Timing

These results confirm that some tasks tend to favor the

exploitation of a specific timing mode. In more ambiguous

tasks, such as air tapping, participants can exploit either the

event-based or the emergent timing mode, or the two in al-

ternation, but in all cases each mode appears exclusive of the

other.

Case of Synchronized Movement Performance

A final point of disagreement that directly derives from the

preceding ones is related to the performance of synchronized

movements. Synchronization represents a very common

paradigm in the literature on timing, where participants basi-

cally have to synchronize motor responses with a metronome.

In line with their previously mentioned hypotheses, Repp

and Steinman (2010) suggested that “synchronization with

a metronome requires event-based timing” (p. 124). How-

ever, as previously argued, event-based timing is not deter-

mined by the presence of motor events, or any external events

such as metronomic signals, but by the presence of cognitive

events provided by an internal timekeeper that trigger motor

responses. Therefore, we cannot agree with the idea that syn-

chronization should necessarily imply event-based timing.

Although the original definition of event-based and

emergent timing is based on self-paced rhythmic move-

ments, Torre and Delignières (2008a, 2008b) showed

some consistent evidences that this distinction can be

extended to synchronized movement performance, where

different synchronization processes are involved to keep

event-based-timed and emergent-timed movements on the

beat (see also Torre and Balasubramaniam, 2009; Torre et al.,

2010). For event-based-timed movements, synchronization

to a metronome is achieved through a sequential phase

correction process, whereas for emergent-timed movements,

synchronization is achieved through a continuous coupling

between the oscillating limb and the metronome. For

details on the distinction between the two synchronization

processes, see Torre and Balasubramaniam (2009).

Conclusion

As a concluding remark, we agree with Repp and Stein-

man (2010) on the interest of research and models in timing

control, in order to surpass the current opposition between

proponents of the cognitive and dynamic systems frame-

works. Event-based timing, suggesting the presence of a

central component that prescribes the rhythm to produce to

effectors, clearly belongs to the cognitive, representational

perspective. In contrast, emergent timing is directly inspired

by the principles of the dynamical systems theory, suggesting

that behavior emerges from the dynamical properties of the

system. For a long time these two theories have been con-

sidered as concurrent, proposing two opposite and exclusive

accounts for similar phenomena. The event-based/emergent

model suggests in contrast that the cognitive and dynamical

frameworks could correspond to two different modes of mo-

tor control. Each of these modes could be particularly elicited

in specific tasks; however, in some tasks they could represent

two possible alternatives for control. But, contrary to Repp

and Steinman, we do not believe to a possible unification

of cognitive and dynamical approaches for accounting for

motor control in a single task.
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