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ABSTRACT 

This study contrasted interval- and entrainment (beat-based) per-

spectives of timing. Participants listened to sequences of tones 

and decided at the end of the sequence if they felt the sequence 

was speeding up or slowing down. Findings supported two dis-

tinct modes of listening. Some participants appeared to base their 

judgments on the relative synchrony/asynchrony of events with an 

internally-generated beat (a beat mode of listening) while others 

appeared to base their judgments on a comparison of the duration 

of the time intervals comprising each sequence (an interval mode 

of listening). A consequence of individual differences in mode of 

listening was that there were particular stimulus instances that 

yielded opposite perceptions. For some stimulus sequences, a 

beat-based mode provided listeners with a strong sense that the 

sequence was speeding up, while an interval-based mode sug-

gested that the same sequence was slowing down. Implications of 

this work for understanding the neural mechanisms underpinning 

time and rhythm perception are discussed.  
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INTRODUCTION 

A range of human behaviors require accurate and flexible 

judgments about sequence timing. An important unan-

swered question in research on timing concerns the nature 

of the mechanism(s) involved in the perception and/or pro-

duction of time intervals that make up a temporally ex-

tended sequence of events, such as a melody.  In the area of 

music perception, a behavioral example that illustrates the 

this capacity is the ability to determine with a relatively 

high degree of precision whether a piece of music is accel-

erating (‘speeding up’) or decelerating (‘slowing down’). 

Many researchers have proposed formal models to account 

for various aspects of sequence timing, such as the detec-

tion of tempo changes in the above example. In general, 

these models derive from one of two theoretical perspec-

tives: an interval-based perspective or an entrainment 

(beat-based) perspective.   

The Interval View 

Interval models of timing appeal to information-processing 

theories with distinct clock, memory and decision stages 

(Church & Broadbent, 1990; Gibbon, 1977; Gibbon, 

Church & Meck, 1984). The clock stage typically involves 

a pacemaker, which emits over time a continuous stream of 

pulses that flow into an accumulator via a switch, which is 

controlled by attention. The number of pulses accumulated 

during a target time interval, T, provides a representation of 

the duration of that interval (an interval code). Interval 

models assume that judgments about the timing of a se-

quence are based on a comparison of the interval codes 

derived from that sequence (Drake & Botte, 1993; Ivry & 

Hazeltine, 1995; Keele, Nicoletti, Ivry & Pokorny, 1989; 

Pashler, 2001).   
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Consider an application of an interval model to the exam-

ple sequence in Figure 1A. This figure depicts a tone se-

quence that marks out a series of inter-onset-intervals 

(IOIs); all of the IOIs in this sequence are equal to 600 ms, 

except for the final 500 ms IOI, which is shorter than the 

preceding IOIs of the sequence. Most listeners would per-

ceive that this sequence speeds up at the end. From an in-

terval perspective, detecting that this sequence speeds up at 

the end requires a comparison of the interval codes gener-

ated for each IOI in the sequence. An interval code repre-

sentation of durations is essentially a pulse ‘count’. The 

perception of speeding up occurs because the accumulated 

‘count’ associated with the 500-ms IOI is less than the 

stored  ‘count’ associated with the preceding 600 ms IOIs.    
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Figure 1. Three sequence examples: A. Isochronous 600-

ms sequence with a shortened (500-ms) final IOI; B. Test 

sequence consisting of a pair of 300 ms IOIs followed by a 

1200-ms IOI and a variable final IOI; C. Control sequence 

consisting of a 600-ms IOI followed by a 1200-ms IOI and 

a variable final IOI.   

Figure 1B illustrates a slightly more complicated example.  

For this example, the sequence begins with two short IOIs 

(each 300 ms) followed by a longer 1200 ms IOI and a 

final IOI that is of intermediate duration (≈ 600 ms). On 

what basis would listeners make judgments about the tim-

ing of the end of this sequence?  Would listeners perceive 

that the sequence ‘speeds up’ at the end or that it ‘slows 

down’?  From an interval perspective, there are at least two 

alternatives. First, listeners could base their judgments on 

an interval code associated with the beginning 300 ms in-

terval. In this case, they would be expected to hear the se-

quence as slowing down because the ≈ 600 ms final IOI is 

longer than 300 ms.  Alternatively, listeners could base 

their judgments on the interval code associated with the 

1200 ms interval that immediately precedes the final IOI. 

In this case, listeners would be expected to hear the se-

quence as speeding up because the final IOI is shorter than 

1200 ms.  In some ways, this second alternative might be 

expected to be more likely because it involves the compari-

son of adjacent interval codes at the end of the sequence, 

whereas the first alternative does not. 

The Entrainment View 

Entrainment (beat-based) models of timing appeal to dy-

namic systems account of behavior as well as to biology. 

From a biological standpoint, entrainment is a ubiquitous 

process whereby some internal periodic activity (i.e., an 

oscillation) becomes synchronized with an external rhythm 

(Winfree, 2000). The most familiar examples of biological 

entrainment involve the entrainment of human circadian 

rhythms, such as our internal sleep-wake cycle, with vari-

ous environmental ‘zeitgebers’ (time-givers) (Moore-Ede, 

Sulzman & Fuller, 1982). Entrainment models of timing, 

consider a different role for entrainment, namely in guiding 

overt perceptual-motor tracking of events on a time-scale 

commensurate with speech and music.  

A key assumption of the entrainment approach to timing is 

that temporally extended sequences, as exemplified by mu-

sic, engage people on a moment-to-moment basis through 

attentional synchrony (Jones, 1976; Jones & Boltz, 1989; 

Large & Jones, 1999; McAuley, 1995; McAuley & Jones, 

2003; McAuley, Jones, Holub, Johnston & Miller, in 

press). From an entrainment perspective, individuals make 

judgments about sequence timing by detecting the syn-

chrony/asynchrony of successive events (tones) with an 

internally generated beat (or pulse) that is induced by the 

temporal structure of the stimulus sequence. Events (tones) 

that arrive unexpectedly ‘early’ (i.e., before the predicted 

occurrence of a beat) provide evidence that a sequence is 

speeding up, while events that arrive unexpectedly ‘late’ 

(i.e., after the predicted occurrence of a beat) imply that a 

sequence is slowing down. McAuley and Jones (2003; see 

also Jones & Boltz, 1989) refer to this discrepancy between 

expected and actual onset times as temporal contrast.   

Consider an application of the entrainment model to the 

sequences in Figure 1A and 1B.  For the example in Figure 

1A, participants would be expected to develop expectations 

for a recurring beat every 600 ms based on the repeating 

600-ms interval marked out by the initial tones of the se-

600 ms 1200 ms 600 ms ± ∆T 

300 ms 300 ms 600 ms ± ∆T 1200 ms 

B. 

C. 

600 ms 600 ms 600 ms 500 ms 

A. 
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quence. The final tone in the sequence, which marks a 500 

ms interval, arrives ‘early’ relative to the expected onset 

based on the predicted beat and thus from an entrainment 

perspective (similar to the interval perspective), the se-

quence is slowing down.    

For the example in Figure 1B, entrainment model predic-

tions are somewhat different from those generated from an 

interval perspective. From an entrainment (beat-based) 

perspective, the initial two 300-ms IOIs followed by the 

longer 1200-ms IOI are consistent with the perception of a 

periodic beat every 300 or 600 ms. The latter possibility is 

a likely outcome because in a group of three tones, listeners 

tend to hear subjective accents on the first and last tones 

even when there are no explicit acoustic markings (Povel & 

Essens, 1985; Povel & Okkerman, 1981). If listeners pick 

up on the recurring ‘beat’ implied by these rhythmic group-

ing accents (which are spaced by 600 ms) and project these 

beats through to the end of the sequence, then final inter-

vals shorter than 600 ms will be perceived as ‘early’ and 

convey the sense that the sequence is speeding up, whereas 

final intervals longer than 600 ms will be perceived as 

‘late’ and covey the sense that the sequence is slowing 

down.    

Overview 

Overall, interval- and entrainment-models of timing have 

met with mixed success (Ivry & Hazeltine, 1995; Keele et 

al., 1989; McAuley & Kidd, 1998; Pashler, 2001; McAuley 

& Jones, 2003). In general, interval models have been more 

successful when applied to investigations of isolated inter-

val timing, whereas entrainment models have been more 

successful when applied to investigations of sequence tim-

ing; see McAuley & Jones (2003) for a review.  

The present research considers the possibility that the 

mixed success of these two approaches may be at least part 

due to individual differences in mode of listening. Some 

individuals may listen in an ‘interval mode’, while others 

may listen in an entrainment or ‘beat mode’. To consider 

this possibility, we had individuals listen to monotone se-

quences and judge whether at the end of the sequence, they 

felt these sequences were ‘speeding up’ or ‘slowing down’. 

Sequences were constructed in order to investigate various 

predictions of interval and entrainment models.   

The test sequences of interest were identical in structure to 

Figure 1B. If individuals listen to test sequences in an in-

terval mode, they could either use the 300 ms initial IOI as 

the basis for their judgments, in which case they should 

hear all of the sequences as slowing down, or they could 

use the 1200 ms IOI as the basis for their judgments, in 

which case they should hear all of the sequences as speed-

ing up. On the other hand, if individuals listen to the test 

sequences in a beat mode, then the rhythmic grouping ac-

cents are likely to lead people to perceive a recurring beat 

every 600 ms.  Extrapolating the beat though the end of the 

sequence should yield the perception that the sequence is 

slowing down whenever the final tone is ‘late’ (i.e., when 

the final IOI is longer than 600 ms) and should yield the 

perception that the sequence is speeding up whenever the 

final tone is ‘early’ (i.e., when the final IOI is shorter than 

600 ms).  Results for test sequences were compared to con-

trol sequences (with an explicit 600 ms initial IOI); see 

Figure 1C.  

 

METHOD 

Participants 

Forty-three students at Bowling Green State University, 

with self-reported normal hearing and a range of musical 

experience (M = 4.49 years, SD = 4.47) participated in the 

experiment in return for extra credit in an introductory psy-

chology course or monetary compensation. Participants 

were assigned to either a test group (n = 27) or a control 

group (n = 16). Participants in the test group heard se-

quences that were structured as in Figure 1B (test se-

quences), while participants in the control group heard se-

quences that were structured as in Figure 1C (control se-

quences).   

Apparatus 

Stimulus generation and response collection was controlled 

by an IBM PC compatible computer running the MIDILAB 

software package, with a time resolution of ≈ 1 millisecond 

(Todd, Boltz, & Jones, 1989). Auditory sequences were 

presented to participants at a comfortable listening level 

through Grado SR-80 headphones attached to a Yamaha 

PSR-270 MIDI keyboard set to a piano voice.   

Stimuli and conditions 

Figure 1B and 1C illustrate the general structure of the test 

and control sequences, respectively. Test sequences con-

sisted of five tones that delineated an initial pair of 300 ms 

IOIs followed by a 1200 ms IOI and a variable final IOI 

equal to 600 ms ±2%, ±6%, ±10%, or ±14%. Control se-

quences consisted of four, rather than five tones, which 

specified an initial 600 ms IOI, rather than a pair of 300 ms 

IOIs; otherwise, control sequences were identical to test 

sequences. All stimulus tones were 50 ms in duration and 

had a fundamental frequency of 440 Hz. 

Procedure 

Participants in both test and control groups were instructed 

to listen to each auditory sequence and judge whether they 

felt that the end of the sequence was ‘speeding up’ or 

‘slowing down.’ Responses were made by pressing one of 

two labeled buttons on a response box. Participants were 

not shown a diagram of the task or told anything about the 

sequence other than the number of tones. The experimenter 

emphasized to participants that we were simply interested 
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in their perception of the sequence and that if they heard all 

sequences in one particular way, then they should indicate 

so throughout the experiment. That is, it was ‘ok’ for them 

to respond that the sequence was always ‘speeding up’, 

‘slowing down’ or a combination of ‘speeding up’ and 

‘slowing down.’  

Participants first completed a familiarization block of eight 

trials, where the final IOI was 600 ms ±15% or ±30%. 

Three test blocks, with 32 trials each, were administered 

with short rest breaks between blocks. The final IOI varied 

randomly from trial to trial. Twelve total responses were 

obtained for each level of the final IOI. After the experi-

ment, participants completed a musical experience ques-

tionnaire and a short survey that solicited feedback about 

any strategies used during the experiment. 

RESULTS 

A preliminary inspection of the data showed that thirteen 

(out of 16) participants in the control group made relative 

tempo judgments about the end of the sequence based on 

the initial 600-ms IOI. As expected, final IOIs that were 

shorter than 600 ms tended to elicit judgments that the se-

quence sped up, while final IOIs that were longer than 600 

ms tended to elicit judgments that the sequence slowed 

down. Of the remaining three participants in the control 

group, only one appeared to make judgments based on the 

1200 ms IOI (responding that all sequences sped up at the 

end), while two others showed no clear response pattern 

(classified as mixed). 

With respect to the participants in the test group who ex-

perienced an initial pair of 300-ms IOIs, we observed two 

dominant response patterns. First, nine (out of 27) partici-

pants appeared to make tempo judgments about the end of 

the sequence using the initial 300-ms IOI; because all final 

IOIs were longer than 300 ms, these participants tended to 

hear all sequences as slowing down. This first response 

pattern is consistent with the interval perspective on timing. 

Second, consistent with an entrainment perspective of tim-

ing, twelve (out of 27) participants in the test group ap-

peared to make tempo judgments about the end of the se-

quence using an implied 600-ms beat period. These partici-

pants performed very similarly to participants in the control 

group; final IOIs that were shorter than 600 ms tended to 

elicit judgments that the sequence sped up at the end, while 

final IOIs that were longer than 600 ms tended to elicit 

judgments that the sequence slowed down at the end. Of 

the remaining six participants that heard the test sequences, 

one appeared to base their judgments on a comparison of 

the final two IOIs (i.e., they used a 1200 ms IOI consistent 

with an interval model), while the other five showed no 

clear response pattern (‘mixed’).   

A summary of the distribution of response patterns for the 

participants in the control and test groups is reported in 

Table 1. Overall, the most striking aspect of these data con-

cerns individual differences. The data provide evidence for 

two modes of listening. In making tempo judgments about 

the end of each sequence, some participants in the test 

group appeared to listen to the sequences in an ‘interval 

mode’ and base their judgments on the explicit 300-ms 

initial IOI while others appeared to listen to the sequences 

in a ‘beat mode’ and base their judgments on an implicit 

600-ms initial IOI (that was not explicitly present, but im-

plied by the beat). From an entrainment perspective, it is 

possible that some of the participants that used an explicit 

300-ms interval heard beats every 300 ms and thus were 

listening in a beat mode. We return to this issue in the dis-

cussion.  For comparison purposes, we refer to participants 

that used an explicit 300-ms interval as ‘interval’ listeners 

and those that used an implicit 600-ms interval as ‘beat’ 

listeners.  

 

Table 1. Relative distribution of response strategies for par-

ticipants in the control and test groups 

 

Response Strategy Control (%) Test (%) 

600 ms 81.25 44.40 

300 ms 0.00 33.30 

1200 ms 6.25 3.70 

Mixed 12.50 18.50 

 

The remainder of the presentation of the results focuses on 

comparisons of the response patterns of participants in the 

test group that appeared to be listening in either an ‘interval 

mode’ or a ‘beat mode’, with those of participants in the 

control group. We were particularly interested in whether 

the response patterns of participants in the test group who 

were listening in a beat mode (that provided an implicit 600 

ms initial IOI) would be similar to those of control group 

(who were given an explicit 600 ms initial IOI).  

Figure 2 shows mean proportion of ‘speeding up’ re-

sponses as a function of the final IOI for participants in the 

control group (filled symbols) and test group (open sym-

bols). For the test group, separate lines depict interval and 

beat listeners, respectively. From this figure it is clear that 

participants classified as beat listeners responded to the 

sequences very similarly to participants in the control 

group, but very differently from the participants classified 

as interval listeners, even though interval listeners heard 

the same sequences as the beat listeners. Supporting this 

interpretation of the data, a two-way mixed measures 

ANOVA on P(‘speeding up’) comparing participants clas-

sified as beat listeners with control participants at each of 

the eight levels of the final IOI revealed a main effect of 

the final IOI [F(7,161) = 257.08, MSe = 0.014, p < 0.001], 

but no overall group difference (beat listeners versus con-

trol) [F(1,23) = 1.87, MSe = 0.051, p = 0.19] or significant 

interaction [F(7,161) = 0.245, MSe = 0.014, p = 0.97]. Con-
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firming that beat and interval listeners were indeed re-

sponding differently, a two-way mixed measures ANOVA 

on P(‘speeding up’) comparing beat and interval listeners 

revealed a main effect of the final IOI [F(7, 133) = 75.26, 

MSe = 0.011, p < 0.001], a main effect of group [F(1,19) = 

166.72, MSe = 0.077, p < 0.001], as well as a significant 

interaction between the two factors [F(7,133) = 61.393, 

MSe = 0.011, p < 0.001]. 
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Figure 2. Proportion of ‘speeding up’ responses as a func-

tion of the final IOI for participants in the control group 

(filled symbols) and for participants in the test group (open 

symbols). 

 

To further examine the similarity of the performance of 

beat listeners and participants in the control group, we de-

termined just-noticeable difference (JND) in tempo for 

each participant in both groups using the method pre-

scribed by MacMillan & Creelman (1991; pp. 219 - 220). 

JND data (expressed as a percentage of 600-ms) were then 

subjected to a one-way between-subject’s ANOVA. Over-

all, there was no difference between JNDs for beat listeners 

(M = 4.74, SE = 0.33) and participants in the control group 

(M = 4.82, SE = 0.40) [F(1,23) = 0.019, MSe = 1.69, p = 

0.89]. The JND results suggests that even though beat lis-

teners never heard an explicit 600-ms IOI, their discrimina-

tion performance was as accurate as control participants 

who experienced a 600-ms initial IOI on every trial. 

Finally, we considered potential similarities and differences 

in reaction times. Figure 3 shows mean reaction time (RT) 

in milliseconds as a function of final IOI for participants in 

the control group (filled symbols) and test group (open 

symbols). As in Figure 2, separate lines are shown for in-

terval and beat listeners, respectively. Similar to the re-

sponse proportion data, RT patterns for beat listeners were 

very similar to the control participants, but very different 

from interval listeners. Supporting this interpretation, a 

two-way mixed measures ANOVA on mean RT comparing 

beat listeners versus control at each of the eight levels of 

the final IOI revealed a main effect of the final IOI 

[F(7,161) = 20.24, MSe = 36743, p < 0.001], but no overall 

group difference [F(1,23) = 1.39, MSe = 544050, p = 0.25] 

or significant interaction [F(7,161) = 1.11, MSe = 36743, p 

= 0.36]. Confirming the RT differences between beat and 

interval listeners, a two-way mixed measures ANOVA on 

mean RTs revealed a main effect of the final IOI [F(7, 133) 

= 2.84, MSe = 36344, p < 0.01] and a significant interaction 

between final IOI and group [F(7,133) = 8.25, MSe = 

36344, p < 0.001]. Unlike the response proportion data for 

the beat/interval comparison, there was no main effect of 

group [F(1,19) = 0.109, MSe = 1210848, p = 0.745]. 
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Figure 3. Mean reaction time (ms) as a function of the final 

IOI for participants in the control group (filled symbols) 

and participants in the test group (open symbols). 

DISCUSSION 

The present study considered individual differences in the 

perception of sequence timing for a task which had partici-

pants listen to simple monotone sequences and judge 

whether they felt the sequences they heard were speeding 

up or slowing down at the end. Sequences were constructed 

in order to investigate various predictions of interval and 

entrainment perspectives on timing. There were two groups 

of participants: control and test. Participants in the control 

group heard sequences patterned after Figure 1C where 

there was a 600 ms initial IOI and a variable final IOI that 

was centered on 600 ms (i.e., 600 ± ∆T). Participants in the 

test group heard sequences patterned after Figure 1B where 

there was a 300 ms initial IOI and a variable final IOI that 

was manipulated in an identical fashion to the control se-

quences.   

We were particularly interested in what information par-

ticipants would use to judge the timing of the end of the 

sequence. For the control sequences, the answer to this 

question seemed likely to be relatively straightforward. 

From both an interval- and entrainment- perspective on 

timing, we expected that most participants would base their 

judgments on the initial 600-ms interval. However, an in-

terval perspective on timing also raises the possibility that 

participants might use the 1200-ms IOI adjacent to the final 

IOI as the basis for their judgment. Consistent with the first 
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possibility, most participants in the control group based 

their tempo judgments using the initial 600 ms IOI; final 

IOIs shorter than 600 ms resulted in judgments that the 

sequence was speeding up, while final IOIs longer than 600 

ms resulted in judgments that the sequence was slowing 

down. Moreover, threshold estimates for these participants 

yielded a relative just-noticeable difference of approxi-

mately 4.5%, which is similar to what would be observed if 

participants were asked to explicitly judge the duration of 

the final IOI relative to the initial IOI (Miller & McAuley, 

2005).   

For participants that heard the test sequences, response 

strategies were more variable. However, there were two 

dominant response patterns, which seemed to correspond to 

two modes of listening. Some participants appeared to base 

their judgments on a 300 ms interval that was derived from 

the initial 300 ms IOI of the sequence and thus were listen-

ing in an ‘interval mode’; other participants appeared to 

base their judgments on an extrapolated beat that recurred 

every 600 ms and thus were listening in a ‘beat mode’.  In 

general, distinct modes of listening were supported by both 

response patterns and reaction time patterns. The beat 

mode of listening was especially noteworthy because the 

test sequences did not contain an explicit 600 ms interval.  

Moreover, threshold estimates for these participants were 

not significantly different from control participants (who 

did hear an explicit 600 ms interval). Perhaps the most 

striking consequence of individual differences in mode of 

listening was that there were particular stimulus instances 

that yielded opposite perceptions. For some stimulus se-

quences, a beat-based mode provided listeners with a 

strong sense that the sequence was speeding up, while an 

interval-based mode suggested that the same sequence was 

slowing down.   

Several issues are raised by this work. First, because par-

ticipants had a range of formal musical training, it is rea-

sonable to ask whether the distinction between beat and 

interval listeners may have simply been due to differences 

in musical experience. The answer to this question is no.  

Average number of years of formal musical training for 

participants classified as beat and interval listeners did not 

significantly differ [t(19) = 1.25, p = 0.22]. Moreover, there 

was no reliable correlation between musical training and 

relative JNDs [r(23) = -0.07, p = 0.74]. 

Second, it is not clear what flexibility there is in mode of 

listening. Perhaps participants heard the ambiguous test 

sequences both ways, but simply chose to respond in either 

a beat mode or an interval mode.  Responses to a question-

naire (given at the end of the experiment) suggest that 

mode of listening was not purely a response strategy, per 

se, but that there were indeed differences in how partici-

pants heard these sequences. For example, in response to a 

question about response strategies, a number of the partici-

pants classified as beat listeners specifically stated that they 

based their judgments on ‘the beat’. In contrast, a common 

questionnaire response for participants classified as interval 

listeners was that they used no particular strategy. Another 

possibility is that test sequences generated perceptions 

about sequence timing that were analogous to those found 

with visual illusions such as the Necker Cube. That is, it is 

possible that perceptions about sequence timing varied be-

tween interval and beat modes from trial to trial. This might 

explain the mixed response patterns of some participants, 

which were not clearly described by either mode of listen-

ing. 

Third, from an entrainment perspective, it is possible that 

participants that used an explicit 300-ms interval heard 

beats every 300 ms and thus were listening in a beat mode, 

not an interval mode.  In this respect, the only participants 

that unambiguously listened in an interval mode were those 

that based their judgments on the 1200 ms IOI that was 

adjacent to the final IOI. Moreover, this possibility sug-

gests that individual differences in timing may be better 

described by differences in time scale of attending than by 

the distinction between interval and entrainment models 

(Jones, 1997; Large & Jones, 1999; McAuley et al., 2006). 

Further research is needed to clarify the nature of the two 

modes of listening. 

Finally, we briefly speculate on the implications of this 

work for understanding the neural basis of timing. In the 

past decade, there has been a tremendous increase in neu-

roscience research on timing, which is in part due to sig-

nificant advances in in-vivo imaging of the human brain.  

Despite the large number of neuroscience investigations of 

human timing, there is relatively little consensus on many 

issues. One concerns the location of a central ‘clock’ 

mechanism. Researchers have proposed the cerebellum and 

basal ganglia as potential candidates for a central clock and 

there is considerable evidence to support either as the locus 

of such a mechanism; see Diedrichsen, Ivry & Pressing 

(2003) for a review.  

Recent neuroscience studies of timing have suggested a 

range of issues that may explain some of the disagreement 

about the relative roles if the cerebellum and basal ganglia 

to timing, including distinctions between short and long 

durations, discrete and rhythmic movements, and event and 

emergent timing (Schaal et al., 2004; Spencer et al., 2003). 

Part of the lack of consensus may also stem the assumption 

that there is only a single timing mechanism. It seems more 

plausible to us that timing engages multiple mechanisms, 

which in some cases have redundant function. Thus, both 

the cerebellum and basal ganglia may play central roles in 

timing and have overlapping functions. Similarly, the pre-

sent research adds to this debate by suggesting that when 

individuals make judgments about sequence timing, they 

can engage in either an interval- or beat mode of listening 

to accomplish the same task. Thus, interval- and entrain-

ment models of timing offer complementary, rather than 

competing perspectives on human timing. 
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