
Figure 12.1  Solid lines: Response rate in two 
components of a multiple VI 60 (S1), VI 180 
(S2) schedule as a function of rate of concurrent 
free (VT) reinforcement (Nevin, 1974).  Dashed 
lines: predictions from the discontinuous pres-
sure model (below).  Notice the logarithmic y-
axis.  Parameters for simulation: k=160, RO=0.1. 
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RESPONSE STRENGTH 

 
The problem of response strength — How to measure it?  What determines it? — has long been 
at the center of the field of operant conditioning.  Ever since a series of classic papers by Richard 
Herrnstein and his students (e.g., Autor, 1960; Herrnstein, 1961, 1970), this issue has been seen 
in terms of response rates and how they are determined by relative and absolute reinforcement 
rates.   

Herrnstein’s initial studies focused on steady-state data from discriminations in which 
two or more response alternatives, paying off at different rates, were simultaneously available 
(concurrent schedules).  The results for concurrent schedules were summarized by Herrnstein as 
a well-known molar, static principle relating relative response and reinforcement rates: the 
matching law, discussed in the previous chapter.  The matching law fits both concurrent and 
simple variable-interval (VI) schedules.  The inquiry was soon extended to successive discrimi-
nations — where only one response alternative is available at a time (multiple schedules: e.g., 
Reynolds, 1963).   But data from multiple schedules do not fit the simple matching law or 
Herrnstein’s (1970) suggested extension of it, and there is as yet no consensus on the correct mo-
lar explanation for them (see Herrnstein, 1997, and Williams, 1988, for reviews).  

Indeed, forty years of largely atheoretical experimentation on multiple schedules has pro-
duced a bewildering set of data.  The effects of variables such as relative component duration are 
not simple, and exceptions may be found to almost any generalization (see, for example, 
McSweeney & Melville, 1993; Nevin & Grace, 2000).  In this chapter I sketch out a simple way 
to think about the molar — response- and reinforcement-rate-session-average — approach to re-
sponse strength.  I compare Herrnstein’s approach to the problem of multiple schedules with an 
alternative proposed by Nevin and his associates and show the common features that underlie 
them.  

 Nevin (1974), impressed by similarities 
between physical and behavioral “momentum,” 
suggested that response strength is best understood 
not in terms of response rate but in terms of 
resistance to change.  The idea is that a “stronger” 
response is not necessarily one that occurs at a 
higher rate but one that maintains its rate better in 
the face of challenge, i.e., has a higher behavioral 
“inertia.”  He tested this idea by arranging 
different conditions of food reinforcement in the 
presence of two or more successively alternating 
stimuli — components of a multiple schedule.  He 
found that resistance to disruption by an 
alternative source of food was positively related to 
the rate or amount of food reinforcement in that 
component during baseline training.  Similar ef-
fects have been reported with “disruptors” other 
than free food, such as home-cage prefeeding, 
signaled alternative reinforcement, and even 
extinction (see review in Nevin & Grace, 2000).   

I will show in the rest of this chapter how 
matching theory and momentum theory are related 
to the pressure model introduced in Note 8, Chapter 11.  Experimental results fitted by both the 
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matching-law and resistance-to-change approaches, as well as some data fitted only by one or the 
other, can also be deduced from the pressure model.  Whether it is empirically the last word or 
not (probably not!), the pressure model seems to capture the essential features of Herrnstein’s 
and Nevin’s molar approaches to the problem of response strength — and shows them to be es-
sentially equivalent.    
 A typical “momentum” result is illustrated by Nevin’s (1974) pigeon study, which used a 
multiple schedule with three components, signaled by a either a Red, Green or dark (timeout) 
response key.  Red and Green key presentations lasted for a minute each and were followed by 
30-s timeouts.  Resistance to change can be measured in this procedure as the change in response 
rate to the colored keys as a function of the rate of “free” reinforcers on a variable-time (VT) 
schedule presented during timeouts.  The result (during the first hour with VT food) is shown in 
Figure 12.1 (heavy lines). The salient findings are: (a) Response rate is always higher in the 
richer (Red, say) VI component, (VI 60), than in the leaner (Green) one (VI 180). (b) Response 
rate declines in both components as the VT (free food) rate increases. (c) The decline is propor-
tionately greater in the leaner VI component (note the logarithmic y-axis).   Finding (c) is the 
key result supporting the idea of resistance to change as a useful measure of response strength. 

 A substantial experimental and theoretical literature, overlapping the earlier matching 
theory, has grown out of this finding.  One conclusion is that resistance to change is most di-
rectly determined by the rate or amount of response-contingent food reinforcement received in a 
schedule component.   

TIME-ALLOCATION CONSTRAINTS:  THE PRESSURE MODEL 
Some light can be shed on these results by looking at the interaction between matching-law stat-
ics and time-allocation constraints on multiple schedules.  The argument is based on the competi-
tion analysis (pressure model) of matching briefly described in the notes at the end of the last 
chapter.   

Under completely free conditions, with two choices (i.e., concurrent rather than multiple 
schedules), the matching law usually holds1:   

xi = KRi /�Rj            (12.1) 

where xi  is response rate and Ri is reinforcement rate for the ith response, �Rj is the sum of rein-
forcement rates for all responses, including “other” (i.e., non-explicit) reinforcement, and K is a 
proportionality constant.  Thus, for any pair of responses,  

x1/R1 =  x2/R2,                 (12.2A) 

which is the usual matching relation.  A similar relation has been found for the allocation of time 
between two alternatives (Baum, 1976): 

t1/R1 =  t2/R2.                 (12.2B) 

Recall how the pressure model applies to simple concurrent VI-VI (Note 8, Chapter 11), 
where these relations are equivalent to Boyle’s gas law.  Volume is equated to number of re-
sponses emitted per unit time, and the number of gas molecules present is equated to reinforce-
ment rate.  We know from Boyle’s law that for a constant absolute temperature, T,  

PV = rNT,                   (12.3) 

where P = pressure, V = volume, T = temperature, N is the number of molecules and r is a con-
stant.  Thus, in a cylinder with two or more compartments separated by one or more free pistons, 
in equilibrium (i.e., with pressure, P, the same for all compartments),  

                                                 
1 There are a great many qualifications and exceptions to this statement, which I omit here for simplicity.  See, for 
example, Williams (1988) for a review. 
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Figure 12.2.  Time allocation constraints on a 
2-response concurrent schedule.  The total 
volume of the cylinder is unity.  tR and tG  rep-
resent the fraction of total time taken up by 
responding to red and green keys. tO is the 
fraction taken up by “other” activities.  

free pistons

tGtOtR

Figure 12.3.  Time-allocation con-
straints on a two-component multiple 
schedule.  Each reinforced response, 
tR and tG, is restricted to no more than 
half the total time.  Only “other” be-
havior, tO, is free to occur at any time.  

detent

Red Green

tGtOtR

   PV1 =  rTN1  and  PV2 = rTN2, hence V1/N1 = V2/N2,   (12.4) 

which is the same as Equation 12.2, with x equated to V and R 
equated to N. 
  Concurrent VI Schedules   

So far, the pressure model merely restates matching with 
different symbols.  But the virtue of the model is that in addition to 
modeling matching, it suggests a natural way to 
incorporate the different time-allocation constraints 
imposed by multiple and concurrent schedules.  The 
constraint for a two-component concurrent schedule 
is illustrated in the Figure 12.2 (a redraw of Figure 
11.18), which shows a cylinder with three 
compartments separated by two free pistons:  tR and 
tG represent the proportion of available time taken up by the responses reinforced for pecking red 
and green keys (say).  (Here, the whole cylinder is potentially available for all three responses.)   
tO represents “other” (i.e., interim) behavior.  It follows from the analogy between Equations 
12.2 and 12.4 that  

tR = RR/(RR+RG+RO),     (12.5) 

where RR and RG  are the number of reinforcers per unit time for responses xR and xG and RO is 
the number of notional “molecules” of “other” behavior (i.e., a fitted constant).   Since the de-
nominator of Equation 12.5 is the same for both responses, matching (of both time and response 
ratios) to reinforcement ratios follows.  

If one stimulus is omitted, so that the situation becomes a single-response schedule, one 
piston disappears, and Equation 5 becomes 

tR = RR/(RR +RO).     (12.6) 

When a scale factor, k, is added, to convert time allocation, t, to response rate, x, 

xi, = kti,       (12.7) 

Equation 6 becomes 

xR = kRR/(RR +RO),         (12.8) 

which is Herrnstein’s (1970) well-known equation for responding on simple VI schedules (Equa-
tion 11.8)2.  Thus, both matching on concurrent VI-VI and the response rate vs. reinforcement 
rate function on simple VI follow at once from the pressure 
model. 

Multiple VI-VI 
Figure 12.3 is an accurate representation of concur-

rent schedules because each of the three activities is free to 
expand to fill the whole time available.  I pointed out in Note 
8, Chapter 11 that this is not true on multiple schedules.  In a 
two-component multiple schedule with equal-duration com-
ponents, for example, operant responding in each component 
is free to occupy no more than half the total time available.  
Only “other” behavior can occur freely in both components.  

                                                 
2 Equation 12.7 is a considerable simplification.  There is a large literature on the constancy or otherwise of k in 
Herrnstein’s equation.  But I give just the big picture here.  Some of the relevant studies are reviewed in Staddon & 
Cerutti (2003).  
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This situation is illustrated again in Figure 12.3 in which a “detent” limits the movement of each 
piston and thus represents the limitation on the times that can be devoted to red and green re-
sponses.  Now matching, Equation 5, applies only so long as neither piston hits its detent, that is, 
so long as tR is no more than .5, i.e., so long as  

            RR ≤ RG+RO,                (12.9A) 

where RR is the richer VI schedule.  If this inequality fails, then  

                tR = .5, and tG = .5RG/(RG+RO).     (12.9B) 

It is easy to see that the matching law will be obeyed only so long as the fraction of time 
taken up by either reinforced behavior does not exceed the time available within a multiple 
schedule component: 50% in this example.  It’s also easy to see that the limiting factor is the 
relative strength of RO, the “other” behavior.  For example, if RO is relatively weak, then re-
sponding to the richer VI component (xR, say) may occupy all of its compartment, so that no fur-
ther increase in tR will be possible if RR is further increased.  Under these conditions, the only 
possible result is undermatching.  In the limit, if RO equals zero, then both reinforced responses 
will occupy all the time available, i.e., tR = tG = .5 no matter what the values of RR  and RG.  This 
analysis predicts that the less hungry the pigeon, the closer to matching will be his behavior on 
multiple VI-VI, as the data show (Herrnstein & Loveland, 1974; Charman & Davison, 1983).  It 
also predicts that response rate in the richer of two multiple-schedule components will be directly 
related to the duration of the leaner component — because the longer the lean component, the 
more RO behavior it will accommodate and the less suppressive effect RO will have on respond-
ing in the richer component.  This prediction is also consistent with data (McSweeney & Mel-
ville, 1993). 

This model, with behavior determined according to inequalities, I term the discontinuous 
pressure model (DPM).  The pattern of behavior predicted for multiple VI-VI as relative rein-
forcement rate is varied was illustrated in Figure 11.6 in the previous chapter.  I will show how 
to smooth the sharp changes in these S-shaped functions in a moment. 

Multiple VI-VI-VT 
There are two ways to apply DPM to the Nevin (1974) experiment (Figure 12.1).  The 

simplest is just to retain the constraint structure of Figure 12.3 and assume that the effect of free 
(VT) reinforcers during the timeout component is to affect the fraction of total time devoted to 
“other” activities: the higher the VT rate, the greater the fraction of time, tO, devoted to “other.” 
RO can be partitioned into two parts: a part proportional to the VT rate, RVT  (the terminal re-
sponse associated with VT: see the discussion on p. 11.4 et seq.) and a constant amount that is 
independent of the VT rate, RO’ (facultative interim behavior): RO = RO’  + RVT.   

According to DPM, the effect of VT rate on response rate in the red, rich component, xR, 
is given by: 

  
      (12.10A) 
 

if   RR ≤  RG + RO’ + RVT , and .5k otherwise. 
For the leaner component,  
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= ,             (12.10B) 

so long as RR ≤  RG + RO’ + RVT , and  
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otherwise. 
 The prediction, with k = 160 and RO’ = 0, is shown as the dashed lines in Figure 12.1.  As 
you can see, when the VT rate is low, response rate in the richer component is high and constant: 
As the VT rate increases, response rate in the leaner component decreases, but rate in the richer 
component does not change.  Over this interval, the manipulation has a disproportionate effect on 
the lean component.  But as the VT rate continues to increase, the rate in the richer component 
begins to decrease, and thereafter the effects on both 
components are proportionately the same: the two 
lines are parallel.  The prediction is qualitatively 
adequate, but quantitatively not very good.  
 This approach is only an approximation, 
however.  The true constraint structure for the Nevin 
experiment is shown in Figure 12.4.  It is a cylinder 
structure with four compartments, corresponding to 
the four available activities, and three limited-travel 
free pistons corresponding to the three multiple-
schedule components.  The four responses are: two 
operant responses, taking up times tR and tG, a termi-
nal response (unobserved, but sure to exist based on 
data of the type discussed in Chapter 11 — see Fig-
ure 11.4) associated with the VT schedule, tVT, and 
“other” behavior, associated with time tO.  These 
four times must add up to a constant.  Terminal re-
sponses generated by the VT schedule are limited to 
their compartment/component, as are the activities associated with VI 60 and VI 180 schedules 
in the Red and Green components.  Again, only “other” activities, denoted by RO, are free to oc-
cur in any of the components.  The number of inequalities that must now be considered rises sub-
stantially in this situation: 
 If ti = Ri/ΣRi for any component is greater than 1/3, that component saturates, and match-
ing then holds only between the remaining components.  For example, if RVT/ΣRi > 1/3, then tR = 
.67.RR/(RR+RG+RO), i.e., the remaining 2/3 of the total is partitioned between tR and tG according 
to their relative reinforcement rates — unless, of course, either of the remaining two activities 
saturates.  For example, if RR/( RR+RG+RO) > .5, then tR>1/3, which means that tR also saturates, 
leaving  matching just between tG and tO in one component. 

The detents that limit the time that can be taken up by the different component activities 
are obviously necessary and correspond to real physical limitations.  But the increasing number 
of inequalities to which they give rise as the number of components increases soon becomes un-
manageable.  To derive predictions from all these inequalities is tedious and error-prone.  More-
over, DPM necessarily predicts sudden, rather than gradual, transitions from matching-law be-
havior to undermatching (e.g., in Figure 11.6), which is implausible.  Equations that allow for 
some kind of gradual transition between matching and undermatching modes would be both 
more plausible and, perhaps, easier to compute.   

A Continuous Model 
Although the duration of each multiple-schedule component is fixed, there is obviously some 
variability in every aspect of the animal’s behavior, including response rate.  Variability in rate 
from component (stimulus presentation) to another blurs changes in average response rates.  
Thus the sudden changes in measured response rates predicted by the pressure model are not 
only hard to figure, but contrary to data.  (Compare, for example, Figures 11.6 and 11.7). 
 The correct way to smooth these transitions in the model depends on the kind of re-

tO 

tR tG 

tVT detents 

Figure 12.4.  Time-constraint struc-
ture for the Nevin (1974) multiple VI-
VI-VT experiment.  Figure shows 3 
cylinders, four compartments and 
three free pistons.  The triangular area 
in the middle, around tO, is neglected 
in the equations. Other details are in 
the text.  
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sponse-rate variability that actually exists, which is not known with precision.  However, there is 
a simple way to smooth transitions that seems to work well.   

Any model that explains response allocation in a simple 2-component multiple schedule 
by matching plus the time-allocation constraint predicts that as RO → 0, ti→ 1 for each compo-
nent, so long as Ri > 0 for all i.  That is, in the absence of competition from “other” behavior, re-
sponding in each component will expand to fill all the time available.  But as RO increases, ti → 
Ri/ΣRj, i.e., when RO is large, there is perfect matching for all components, which is what the data  
show (e.g., McLean & White, 1983; Nevin, 1974).  That is, when neither response is able to 
“saturate” (take up all the time in its component), there will be matching, as on the corresponding 
concurrent schedule.  The intermediate case, where the majority component is saturated, but the 
minority component is not, will yield maximum responding in the majority component, but 
matching — with respect to RO only — in the minority component.  I next describe a simple set 
of equations that implement these ideas for various multiple schedules.   

 Multiple VI-VI   
For a two-component schedule, with equal-duration components, these limiting condi-

tions can be modeled as follows.  For each component:   

iij

i
i RRR

R
t

γγ ++−
=

))(1(
,     (12.12) 

where Ri  and Rj are the two VI com-
ponents and γ is a quantity that tends 
to 1 when RO tends to 0 and tends to 
0 when RO tends to infinity.  Thus, 
when RO is zero, only the right-hand 
term in the denominator exists, lead-
ing to maximal and equal responding 
in all components: ti = 1.  And when 
RO is large, only the left-hand term in 
the denominator exists, leading to 
matching in all components.   

An expression for γ  that sat-
isfies these conditions is:  

              
Oji

ji

RRR

RR

++
+

=γ ,     (12.13) 

which has the required properties: as RO → 0, γ→1; as RO→∞, γ→0.  With this version of γ, it is 
easy to see that Equation 12.12 predicts that when RO = 0, ti = 1, so that (for 2 components) ti/tj = 
.5, i.e., indifference; and when RO = ∞, for any number of components,  ti = Ri/ΣRj, i.e., match-
ing.    

The relation between relative reinforcement rate and relative response rate predicted by 
Equations 12.12 and 12.13 is illustrated in Figure 12.4, which should be compared with the Rey-
nolds data in Figure 11.7.  The continuous model easily matches the S-shaped curves in Rey-
nolds’ data, with just one free parameter, RO.  

Multiple VI-VI-VT 
 A generalized version of Equation 12.13 weights each reinforcement rate according to the 
time taken up by the component with which it is associated (RO has no weighting since it is just a 
fitted parameter).  Thus, for the structure in Figure 12.4 (Nevin, 1974), in which the two VI 
components were 1-min in length and the timeout component was 30 s:   
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Again (and this is the essential feature), this quantity asymptotes at 1 when RO = 0 and at 1 when 
RO = ∞.   
 The generalized version of the matching equation from CPM is as follows, for the Red 
component:  

             
RVTRG

R
R RRRR

R
t

γγ +++−
=

))(1(
.    (12.15) 

The equation for the Green component is the same, with red and green interchanged.  Note that 
this approach avoids the tedious inequalities of 
DPM.  It is easy to see from this formulation that 
when γ = 0 (i.e., RO = ∞), tR conforms to match-
ing, (the right-hand term in the denominator is 
zero) and, conversely, when RO = 0, the left-hand 
term is zero and tR = 1, i.e., takes up all the time 
available.    

Given that xR = ktR, predictions for the 
Nevin data in Figure 12.1 are shown in Figure 
12.6.  The two free parameters, k and RO were 
estimated informally.  The prediction is excel-
lent.  It incorporates not just the qualitative pre-
diction of reinforcement-rate-dependent inhibi-
tion of operant responding by added free rein-
forcement, but also the quantitative effect of par-
ticular levels of free (VT) reinforcement.    

Problems  
 Any static (i.e., steady-state) model must 
fail when time values exceed certain limits.  This 
one fails when the experiment is in what is 
termed a closed economy, as opposed to the usual high-food-deprivation, short-experimental-
session open economy (the terms are due to George Collier).  In a closed economy, the animal is 
presented with the schedule 24 hours a day, rather than just for an hour or two, with a post-
session feeding to maintain its weight at an 80 or 85% of ad lib. level.  Animals in closed econo-
mies are thus less hungry than in open economies.  Hence one should expect the allocation of 
behavior on a simple multiple schedule to approximate matching, as I described earlier.  But in 
fact the usual result is overmatching: an allocation of behavior more extreme than the ratio of 
reinforcers received (Elliffe & Davison, 1985).   

Overmatching cannot be explained within the present scheme.  On the other hand, under 
the chronic conditions of a closed economy, with animals that are not very hungry, processes 
other than the incentive/strengthening process of operant reinforcement may operate.  After eat-
ing during the “rich” component, a weakly motivated animal may become satiated and respond 
little in the ensuing “lean” component, for example, which would lead to the kind of overmatch-
ing that has been found.   Hence, functional relations found in open economies are often not the 
same as those observed in closed economies.  Response rate declines as a function of reinforcer 
magnitude in a closed economy (Collier, Hirsch & Hamlin, 1972) rather than increasing or re-
maining constant as it does in an open economy (e.g., Lowe, Davey & Harzem, 1974; Todorov, 
1973), for example.  Behavior in one class of closed-economy experiments has been accurately 
described by a simple regulatory model that makes no reference at all to reinforcement processes 

Figure 12.6.  Predictions of the continuous 
pressure model (CPM: red lines) for the Nevin 
(1974) data (black lines).  RO = 4, k = 140. 
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(Staddon, 2001b, Chapters 7-9; Staddon & Zanutto, 1997).  It is quite likely that nonreinforce-
ment regulatory processes dominate performance on multiple-schedule closed-economy experi-
ments as well.  Hence, one should not be too surprised — or concerned — if a molar, static 
model designed to fit open-economy data fails when applied to the closed-economy situation.   

Herrnstein (1970) proposed an extension of his matching idea to multiple schedules that 
is similar in some respects to what I propose here.  His suggestion was the following equation:  

ORG

R
R RRmR

R
t

++
= ,      (12.16) 

where tR is the time allocated to responding in one component, RR and RG are the rates of rein-
forcement in that component and the alternating one and RO is the fitted parameter for “other” 
behavior.  0 < m < 1 is a term representing the “degree of interaction” between successive com-
ponents; m is assumed to equal unity on simple schedules.   

There is an obvious problem with Equation 12.16: it “predicts that absolute response rates 
in a multiple schedule can never be higher than those in a simple VI schedule with the same rate 
of reinforcement…”  (Williams, 1988, p. 211)   This is so because tR, according to Equation 
12.16, must always be greater than according to Equation 12.6, the comparable Herrnstein equa-
tion for simple for simple schedules, so long as the term mRG is greater than zero — and obvi-
ously tR according to Equation 12.16 can never be greater than according to Equation 12.6. 

Is CPM open to the same objection?  No.  The argument is straightforward.  The time-
constraint structure for a simple schedule is like that for concurrent, but with only a single piston.  
Since both activities (time allocations), tR  (say) and tO, are free to occupy the whole space (time), 
Equation 12. 6 applies: 

tR = RR/(RR +RO).     (12.6) 

For example, if RR = 1 and RO = 3, tR = .25, i.e., one quarter the available time.   
 For the comparable multiple VI-EXT schedule, however, Equations 12.12 and 12.13 ap-
ply.  For example, with RR = 1, RO = 3, and Rj = 0 (i.e., extinction in one component), tR (i.e., 
time allocation in the other component) is equal to one, a much larger proportion of the available 
time, hence a higher response rate than in the single-response case.  The superiority of CPM de-
pends on the fact that it forces incorporation of the time constraints inherent in the concurrent 
versus successive schedules.  I suspect that any adequate molar theory of response strength must 
incorporate these constraints as a natural part of the theory.  Neither matching nor momentum 
theory does so.    
 Objections have been raised directly against the idea of competition as a mechanism for 
contrast effects: “[B]ehavioral competition models are challenged by a fundamental problem.  
The notion of behavioral competition pits the nominal response against [“other” behavior], hence 
contrast should depend upon the frequency of responding in the altered component, not the fre-
quency of reinforcement.  But…the actual behavior in the altered component seems largely ir-
relevant, as the controlling variable is the relative rate of reinforcement.”  (Williams, 1988, p. 
212)  This objection has bedeviled the competition account for many years, despite some ex-
perimental demonstrations in its favor (e.g., Hinson & Staddon, 1978: Figure 11.5 in this book).  
Yet a little reflection on necessary properties of the reinforcement process provides an answer to 
it. 

In the standard contrast experiment, in the training condition, the same VI schedule is in 
effect in both red and green components.  In the contrast condition, one component (e.g., green) 
is shifted from VI to extinction (EXT).  The competition approach explains the resulting increase 
in red responding by displacement of “other” behavior that formerly occurred in both compo-
nents to the now-vacant green component.  The problem is that if the VI schedule in green is re-
placed not by EXT but by a schedule such as VT, that requires no responding, contrast fails to 
occur or is reduced.  This seems to disprove the competition idea, except that for reasons dis-
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cussed in earlier chapters, even free reinforcement will induce some behavior, which will, in 
turn, compete with the operant response.   

A whole literature on so-called “superstitious” behavior induced by response-independent 
food delivery has arisen.  Two types of account have been provided for this behavior.  One, 
which was mentioned in the previous chapter and is discussed at length in the notes to the last 
chapter (see also, Staddon, 2001a), 
depends on Pavlovian processes.  The 
second account depends on the conti-
guity-based “assignment-of-credit” 
process that allows normal operant 
conditioning to occur.    

Any assignment-of-credit (re-
inforcement-learning) model must 
predict some effect of free reinforcers.  
No particular behavior may be 
strengthened — probably a variety of 
behaviors will increase under the 
automatic influence of a contiguity-
based assignment-of-credit process.  
The point is that no matter what these 
behaviors are, because of competition 
for time, the net effect will be some 
suppression of the intrinsically rein-
forced “other” behavior.  (In fact, the 
effect will occur even if the “other” 
behavior has some susceptibility to the 
manipulated reinforcer, but the effect 
will be larger if it is not susceptible, or 
less susceptible than other available 
behaviors.)  Consequently, VT rein-
forcement is by no means equivalent 
to extinction.   
 This prediction is illustrated in 
Figure 12.7, which is a model of the 
following situation.  There are four 
activities, one of which occurs during each time step.  Three of them are reinforceable by food 
(parameter bi > 0).  The fourth, however, is not reinforceable by food (b4 = 0), but occurs at a 
rate determined by parameter a4.  The figure shows the steady-state probability (in each time 
step) of Activity 4 as a function of different probabilities of “free” food reinforcement, as pre-
dicted by the Staddon-Zhang (1991) assignment-of-credit model, perhaps the simplest possible 
operant learning model.  The function is a declining one: the higher the probability of free rein-
forcement, the lower the probability of Activity 4, the “other” behavior.  The reason is simply 
that according to the model, a reinforcer automatically strengthens any susceptible behavior, and 
the closer the temporal contiguity, the greater the strengthening.  Thus, “free” reinforcement is 
likely to elevate the level of all those activities that are susceptible to food reinforcement, at the 
expense of those activities that are not susceptible or are less susceptible.   In other words, any 
reinforcement is likely to have some suppressive effect on “other” behavior (hence reduce the 
level of contrast), which is all that the competition model requires. 
 Other attempts have been made to relate the resistance-to-change and matching-law ap-
proaches to response strength (e.g., Nevin, 1979).  Nevin and Grace (2000, p. 122) suggest that a 

Figure 12.7.  Effects of “free” reinforcers on the levels of four 
activities, according to the discrete-time reinforcement-
learning model of Staddon & Zhang (1991; Staddon, 2001b).  
The strength of each activity is determined by the equation 

Vi(t+1) = aiVi(t)+(1-ai)ε(t)+biX(t),  

where ai and bi are parameters and 0 < ε < 1 is a noise source.  
X =1 when a reinforcer occurs and is 0 otherwise.  For this 
simulation, ai = .95 and bi = .049 for Activities 1-3; a4 = .05 
and b4 = 0.  The response rule in each time step is highest V-
value wins.  Data from 5x105 time steps after 5x105  “training” 
time steps.  (Simulation by M. Chelaru.) 
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serious stumbling block is provided by a “crossover” effect in a study by Nevin et al. (1990).  In 
the Nevin et al. study, VI response rate in the VI-VT component of a 2-component multiple 
schedule was lower than response rate in the other, and equal, VI-only component when the ani-
mal was hungry, but higher when it was pre-fed.  My feeling is that because of the assignment-
of-credit problems introduced by mixing VT and VI in the same component, this result cannot be 
considered as decisive.  Some “strength” will be added to the operant response by the “free” re-
inforcers, even though more may be added to competing activities when the animal is highly mo-
tivated.  We’ll see.  In the meantime, the CP model provides a conceptually simple summary of 
work on the molar relations between response and reinforcement rates on simple, concurrent and 
successive schedules of reinforcement.     

SUMMARY 
A version of matching based on the idea of competition for the available time, analogous to the 
equalization of pressure in a pressure vessel with free pistons separating compartments, captures 
the essential features two major molar approaches to response strength: Herrnstein’s matching 
law and Nevin’s idea of resistance-to-change. 
 
 


