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Abstract
Central to human cognition is the experience of a subjective present moment, a moment that has a palpable span of a few seconds. We inferred spans of both children and adults, by measuring the slowest tempi that afforded rhythmic feel in drumming performance. It was found that taller people are capable of experiencing the feeling of rhythm at slower tempi than shorter people and also produce relatively more stable performances. Across the full height range of children and adults, there is a linear relationship between body size and the inferred duration of the present moment. Body size explains a much larger proportion of variance than typically found in cognitive assessments, suggesting that the present moment is governed by an allometric law.



Allometry of the Present Moment
There are at least two distinct points of departure for studying timing in animals. One is principally concerned with explicit judgment and begins with the observation that people and other animals can, in fact, judge time intervals, an interesting achievement in light of the obvious fact that there is no corresponding specific energy or sensory surface for its registration. For the most part, the theoretical issues that this observation raises have to do with the nature of time judgment in the range of seconds to tens of seconds.  Many of the same issues that animated much of early sensory psychophysics have been recapitulated in the arena of time judgment (1-3).
	The second point of departure concerns the implicit appearance of time in the organization of perception and action. Beyond issues of what people know about time and time intervals is the patent observation that the flux of moment-to-moment sensory stimulation is experienced within coherent and meaningful scenes and events.  Underlying this experience are the processes of perceptual organization that affect temporal integration.  Temporal integration is instrumental in making the passage of time coherent, and it is here that we encounter an observation of some significance: much of mental life is organized around a span of time encompassing a couple of seconds. The interval of 2±1 seconds is recognized as forming the subjective present moment (4,1), and it is also the duration of the action segments that comprise ordinary human activity (5). Like Miller’s 7±2 (6), the magnitude 2±1 (in seconds) plays a central role in human life, and the mere fact that it is a more or less definite quantity makes it interesting and invites investigation.
The work described here concerns the notion that the temporal span of 2±1 seconds be understood not as an interval of time but rather as a time scale (7), such that its magnitude has scaling properties that are set by the dimensions of the human body, properties that might be evident in the context of an appropriately designed experiment. In this sense, we inquire whether there is a kind of Kleiber Law for the size of “now”.

Operational Definition of the Present Moment
Quantitative measurement of the span of the present moment requires that this somewhat fuzzy idea be operationalized within specific methodologies, methodologies that produce dependent variables with meaningful metric properties. Here we operationalize the duration of the present moment in terms of constraints that underlie perceptual organization in time, specifically the feeling of rhythm that arises from discrete motor actions and the maximum pause length that may be bridged before it is disrupted. This maximum pause is effectively a temporal horizon for the emergence of rhythm, and it operationalizes the span of  “now” in terms of a concrete and explicit dependent variable. The empirical issues all have to do with how temporal horizons are measured and whether they display body size dependence.
Drumming performance is well suited for the assessment of temporal horizons, because perceptual states within and beyond the horizon generate different signatures in the time series of inter-beat intervals. At relatively fast tempi (greater than say 60 beats per minute) the feeling of rhythm is reflected by a time series that fluctuates but is statistically stable. When a performance is attempted at a tempo that is too slow to sustain or create the feeling of rhythm, it is inevitable that the performance becomes meandering (8), leading to a time series resembling a random walk.  In this way, an analysis of the time series of drumming performance permits a relatively straightforward assessment of the maximum time interval between beats that permits a sustained feeling of rhythm.  This maximum time interval may be understood as an effective horizon for the feeling of rhythm, and it will be abbreviated throughout simply as t-horizon.

Empirical Assessment of Rhythmic Feel
This study investigated whether there is an allometric relation between body size and t-horizon, the slowest tempo at which a given person can experience the feeling of rhythm. The basic design of the experiment simply involved recording drum performances over a range of tempi and then deducing from the time series of drum strike intervals where each person exhibited rhythmic feel and where they appeared to be lost. 
Drum performances from both children and adults were collected over a range of tempi (9).  Each performance was analyzed in terms of the time series of inter-beat intervals, the time between successive drum strikes, with the objective of distinguishing competent drumming the state of being lost (8). The data analytic problem central to this work is illustrated in Figure 1, where we show a set of performances produced by a participant. (10) Plots identical to Figure 1 were constructed for all participants in order to facilitate discriminating Weberian growth of error that is expected in regimes of stable performance from truly wandering performances. In this example, the performer appears to be competently drumming with Weberian error growth between 80 bpm and 55 bpm; that is, their error is increasing in proportion to the inter-beat interval and remains relatively stable. At 50 bpm, a low frequency wave begins to dominate the time series, a feature not exemplary of stable drumming performance.  At tempi of 45 and 40 bpm, the performance is manifestly wandering and erratic.  As 55 bpm is the last tempo at which this person executed a stable performance, we judge the inter-beat interval corresponding to this tempo (1.1 seconds) to be their temporal horizon, the maximum time interval over which they can achieve the temporal integration requisite to experience the feeling of rhythm.
The temporal horizons for the feeling of rhythm are aggregated for both children and adults in Figure 2, as a function of the performer’s height. The relationship between temporal horizon and height is evidently linear; t-horizon ~ height1.15±0.1. The correlation coefficient is so large that the magnitude alone requires interpretation.  A correlation of 0.71 is unexpected in the context of cognitive assessment, as it entails that over 50% of the variance in t-horizon is captured by height.  Designed studies in mainstream cognitive psychology, such as might be encountered in visual search, lexical decision, mental rotation, etc., typically have treatment effects that account for only 10% of the variance (11). Body size is so effective at organizing the outer limits of rhythmic experience that it is apparent we are looking at a relation that is not so much psychological as it is biological. In other words, the effect size itself suggests that we are looking at a kind of Kleiber Law for the span of the present moment. (12) 
In the course of executing performances at various tempi, every participant at some point managed to produce a couple of stable performances. Having the data, we wondered whether drumming accuracy might also display an allometry with body size.  The results are shown in Figure 3, where the log coefficient of variation (cv=standard deviation/mean) of the interbeat intervals at 70 bpm are displayed  in relation to the log height of the drummer.  The implied relation is cv ~ height2.1±0.1. As in the analysis of t-horizon, we find that the regression yields a high degree of correlation, -.5, implying that 25% of accuracy variability is explained by height. Again, the child and adult data appear to align continuously along the regression line – suggesting that the principal difference between children and adults in drumming accuracy is just body size. (13)
These results should be put into the context of an earlier and more extensive set of developmental studies of rhythm conducted by Drake et al. (14).  In one of the many experiments they conducted was a condition where participants were instructed to freely produce the slowest rhythm possible. The motivation for such an instruction was essentially that which informs our study - to estimate t-horizon, the maximum temporal span that permits integration of time based sequences into coherent scenes.  Drake et al. found that older children attempted slower rhythms than younger children.  This is quite in agreement with our finding that t-horizon increases with height – as far as children are concerned; however, Drake et al. regard their finding as being essentially about development and aging, and in fact, they represent the adults in their study by a single point – the tacit understanding being that adulthood is the end of childhood development.  As we have made clear, we regard height as being the controlling variable, and the evidence for this is that children and adults are seen to lie on a common law when adult height variation is reflected in the data. Were it not for the adult data, we would be left with an intractable age-height confound.	
In summary we have demonstrated two previously unknown allometries that govern feeling of rhythm; a body size relation for the slowest tempo that permits rhythmic feel that is linear, and a body size relation for the accuracy of drumming performance that is quadratic. We interpret the first result in terms of the span of the subjective present and propose that this span is a biological quantity in the same sense as heartrate and respiration rate. 
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Figure Captions
Figure 1. Time series of interbeat intervals from a single participant. The transition point between Weberian growth in error and meandering (temporal horizon) occurs for this individual at 55 bpm.
Figure 2.  Temporal horizons for the feeling of rhythm in children and adults, as a function of performer height. 
Figure 3.  Coefficients of variation for drumming performance at 70 bpm, as a function of performer height.
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