SECTION 3

Scalar Expectancy Theory

There are other perspectives on animal timing as well as SET.   One of SETs main competitors is called ‘Behavioural Timing Theory’ (Killeen and Fetterman, 1988).   In this scheme timing is believed to be performed through associating a reward event with states from a regular sequence of internal or behaviour states that the animal unfolds during the delay period.  As the work is concerned with the conceptualisation proposed by SET, other perspectives shall not be reviewed.  The interested reader should consult the reference or see Church (1997) for a discussion of comparisons between timing theories.

Originally initiated by Triesman (1963) and further developed by Gibbon et al (1984), SET is an information processing theory which describes hypothetical timing mechanisms and there interplay.  The scheme has also been highly formalised, where input and output variables together with a set of parameters are described by symbolic notation and computed by set of mathematical rules.  This formal model is capable of predicting a variety of timing data from different experimental manipulations reported in the literature.   

Central to SET is the proposal that timing is performed by means of an internal clock.   The clock is manifest in a pacemaker that generates pulses at a mean rate (() and an accumulator which counts each pulse emitted. The mean pacemaker rate is thought to be determined by the animal’s level of arousal.  Recording elapsed time reflects releasing a hypothetical switch to the accumulator and allowing the number of pulses (a) to be coded over time. The number of seconds (t) multiplied by (() determines the value of (a) after some recorded period of elapsed time. 

Further mechanisms include a comparator, working memory and a reference memory.   When timing has been terminated, the quantitative contents of the accumulator (a), flow in to a working memory, which acts as an immediate memory store.  Long-term storage is permitted by consolidation of the quantitative contents of working memory.   The number of pulses stored in reference memory on a reinforcement trial (r) is calculated by the value of (a) multiplied by a memory constant (k*) where (k*) is a real number with a mean of 1 and some standard deviation.    Through repeated trials the reference memory will have a distribution of these values. The error in memory storage is believed to allow scalar variance observed in experimental tasks.   To determine whether an animal responds a comparator performs decision processes through a ratio calculation involving the difference between the value of (a) and randomly selected value (r*).   Different decision rules apply for different tasks and whether the subject is human or animal (Wearden 1994).  This ratio calculation is called the similarity measure (s). 

Figure 3.1: Information processing model of SET 
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One of the most important ideas of SET is the notion that timing involves some form of ratio calculation, which is conceptualised in terms of decision processes.
 Ratio calculations characterise almost all of the timing tasks including Pavlovian conditioning  (Gibbon et al, 1997).  Task specific performance as well as performance differences between human and animal subjects can be accommodated by subtle differences to ratio calculations (Wearden 1994).   For example, the ratio calculation for an animal’s response on the PI task occurs when:  














     (2.1)

where b* is a sample taken from a variable Gaussian threshold with a mean b.  The threshold will permit the animal to generalise above and below the reinforced interval yielding step response functions on single trials. The model can also predict geometrical mean bisection observed with animal subjects.   Animals respond at the geometrical mean in either of the following cases (Wearden 1994).

      (2.2)





Although some of the ideas in SET seem very implausible SET predicts timing behaviour with a high degree of accuracy for both animal and human performance.
 These components represent useful explanatory constructs for data arising from a number of experimental procedures reported in the literature.
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