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ABSTRACT  
In general, if a variable can be expressed as a function of its own maximum value, that function may be called a dis-
count function. Delay discounting and probability discounting are commonly studied in psychology, but memory, 
matching, and economic utility also may be viewed as discounting processes. When they are so viewed, the discount 
function obtained is hyperbolic in form. In some cases the effective discounting variable is proportional to the 
physical variable on which it is based. For example, in delay discounting, the physical variable, delay (D), may enter 
into the hyperbolic equation as kD. In many cases, however, the discounting data are not well described with a sin-
gle-parameter discount function. A much better fit is obtained when the effective variable is a power function of the 
physical variable (kDs in the case of delay discounting). This power-function form fits the data of delay, probability, 
and memory discounting as well as other two-parameter discount functions and is consistent with both the general-
ized matching law and maximization of a constant-elasticity-of-substitution utility function. 

 
Behavior-centric versus reinforcer-centric descriptions  

of behavior 
In a recent paper, Rachlin (2006) described how a discounting view pervades delay of rein-
forcement, memory, and choice.  The paper is a brilliant tour-de-force, but a subtext to the paper 
is what I will call the behavior-centric view.  In this view, stimuli are remembered until a re-
sponse is emitted, and reinforcers reach back in time to effect this response in the presence of the 
remembered stimulus (see Figure 1, upper graph).  As a conceptualization of understanding be-
havior I have no quibbles with this approach.  But as a model of how an animal adapts to, or 
learns about, situations with stimulus-behavior delays and response-reinforcer delays, the model 
has the problem of reinforcer effects spreading backward in time.  Physiologically, the process 
cannot act in this way, and physiology must require that the memory of an event flows forward 
in time, rather than the reinforcer effect flowing backwards.  But the response-centric view is the 
dominant view in the study of delayed reinforcers (Mazur, 1987) and of self control (Green & 
Myerson, 2004). 

A simpler, much more likely, and physiologically-consistent conceptualization of the ad-
aptation to these delays is shown in Figure 1 (lower graph).  This is the reinforcer-centric view.  
In this view, at the point at which a reinforcer is delivered, it is the conjunction of the memories 
of both the stimulus and the response at the time of reinforcer delivery that is “strengthened” 
and, I presume, remembered and subsequently accessed and used.  This approach suggests a dif-
ferent, and more parsimonious, mechanism for learning and activity that is squarely based on 
memory.  When reinforcers are delayed, it is the residual memory of responses times the value of 
the reinforcers that will describe the effects of reinforcer delay on behavior.  When responses are 
delayed following stimuli, it is the residual memory of the stimulus times the value of the rein-
forcer that will describe the stimulus-reinforcer conjunction, providing a role for stimulus-
reinforcer relations (as in momentum theory).  It seems reasonable to assume that stimulus-
behavior-reinforcer correlations are learned at the point of reinforcer delivery, and further, that, 
given the stimuli, behaviors and reinforcers are discriminable from other learned correlations, the 
presentation or emission of any of these engenders the learned correlation.  Thus, behavior can 
be reinstated by presenting the reinforcer or the stimulus to the animal—and maybe by leading 
an animal to emit the response. 

The reinforcer-centric view highlights important aspects of behavior that have been 
largely forgotten—for instance, while we generally accept that the discriminability of a stimulus 
from other stimuli will affect memory for that stimulus, the discriminability of a response from 
other responses will also have an effect (for a treatment of this, see Davison & Nevin, 1999; and 



Nevin, Davison & Shahan, 2005).  Equally, the discriminability of this reinforcer from others 
will be critical, a possibility entertained by Davison and Nevin as the basis of the differential-
outcomes effect.  The mechanistic aspect of this conception leads, after training, to a correlation 
between events extended in time that describes steady-state behavior—but the molecular, 
mechanistic, aspect remains (and must do so) so that animals can learn to change their behavior 
in changed circumstances (see, for example, Krägeloh & Davison, 2003)—that is, the extended 
correlations must be able to change. The extended correlations predict steady-state behavior, the 
molecular aspects describes changes between steady-states.  The molecular aspect is not absent 
in the steady-state, rather its significance is attenuated by learned correlations. 
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The situation is, of course, much more dynamic than depicted in Figure 1.  Over time, 
many differing responses are emitted in many 
differing stimulus conditions, only some of 
which come to have a positive correlation with 
reinforcer (or punisher) delivery as learning 
develops.  More highly discriminable responses 
and stimuli will, on this view, develop initially 
greater positive correlations. 
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Interestingly, the reinforcer-centric view 
changes nothing about the quantitative analysis 
discussed by Rachlin (2006).  In particular, “
control” and preference reversal over time still 
occurs. 
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There has been considerable debate re-
cently as to whether the behaviour-environment 
relation is better understood as a molecular 
mechanistic process or as a process extended 
over time (Dinsmoor, 2001, and commentaries; 
Baum, 2002).  While the present approach does 
not argue that the “termination of stimuli posi-
tive correlated with shock and the production of 
stimuli negatively correlated with shock 
[Dinsmoor, p. 311]” are positively reinforcing, it 
does make the suggestion, similar at face value, 
that memories for stimuli and responses are 
available at reinforcement or punishment.  The 
present approach bridges temporal distance by 
memory: it is the degraded memory that is tem-
porally contiguous with the reinforcer or pun-
isher, and it is the resultant size of the relative, 
and necessarily temporally extended correlation 
between these degraded memories that affects 
subsequent performance.  This, I suggest, is w

occurs during learning and adaptation to a new environment.  But, the correlations being based 
on extended relations over time means that when adaptation has substantially occurred, it is these 
molar correlations that mostly (but not entirely) control behaviour.  Which approach—molecula
or extended—is best depends very much on whether we are interested in describing behaviour 
during learning and adaptation, or whether we wish to describe steady-state behaviour.  In this I 
find myself in very substantial agreement with Hineline (2001) who argued that molecular and 
extended (molar) analyses are not mutually exclusive. 
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Figure 1.  Two views of behavior.  The upper
graph shows the response-centric view, in which
reinforcer effects spread backwards in time.  The
lower graph shows the reinforcer-centric view in
which the memories of both stimuli and re-
sponses are correlated with the reinforcer value at
the time of reinforcer delivery.  R Effect is rein-
forcer effect. 
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Perhaps we should cease telling our students that “reinforcers increase the probability of 
responses that they follow” but rather that “response probability is increased when responses are 
followed by reinforcers”. 
 
Michael Davison 
The University of Auckland, New Zealand 
m.davison@auckland.ac.nz
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