
to criterion under a 5-hour delay proce- 
dure. These animals were subsequently 
tested according to a within-subject de- 
sign in four different novel environments 
under the following conditions: (i) no- 
treatment, (ii) saline vehicle injection, 
(iii) naloxone (2 mglkg) administered at 
the beginning of the 5-hour delay imme- 
diately after the first four choices on the 
maze; and (iv) naloxone (2 mgikg) de- 
layed for 2 hours after the initial four 
choices. The assignment of animals to 
treatments in each novel environment (a 
room) was approximately counterbal- 
anced. 

As there was no statistically signifi- 
cant difference between the no-treatment 
and saline-treatment conditions (Table 
2), for each animal, mean trials to criteri- 
on and error scores were calculated. 
These mean control values were used in 
subsequent statistical analyses. As in the 
previous experiments, naloxone admin- 
istered immediately after the first four 
choices significantly enhanced perform- 
ance, as  reflected in both trials and er- 
rors to criterion (14). The data from the 
naloxone-delay condition do not, howev- 
er,  differ significantly from either the 
control treatments or the naloxone treat- 
ment at no delay. These results indicate 
that naloxone does not produce an effect 
comparable to that of the no-delay condi- 
tion when administration is delayed for 2 
hours after training. As in the previous 
experiments, rotation of the maze on a 
test conducted for each animal after cri- 
terion performance indicated that per- 
formance was based on extra-maze cues 
provided in each environment (13). 

The results indicate that when per- 
formance on a spatial learning task is less 
than optimal, administering an opiate 
antagonist after training can enhance 
memory. Thus, the memory-enhancing 
effect of opiate antagonists seems not to 
be restricted to memories acquired 
through aversive training or  associated 
with noxious events. This view of a more 
general role for opioid peptides in memo- 
ry is congruent with preliminary clinical 
studies that have recently indicated that 
naloxone improves memory functions in 
patients with Alzheimer's disease (15). 
Further research on the role of opioid 
peptides in memory may, therefore, 
have important implications for under- 
standing the biological basis of both nor- 
mal memory and its disorders. 
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Optimization: A Result or a Mec 

Mazur reported "evidence against op- 
timization as the basic mechanism un- 
derlying choice behavior" (1, p. 823). 
But in so doing, he missed an important 
point: optimality accounts are explana- 
tions in terms of final causes, not de- 
scriptions of a mechanism. It is a funda- 
mental error to identify optimization the- 
ory with any particular mechanism by 
which optimal results are achieved (2, 3). 
Consequently, an experiment ruling out 
a particular optimizing mechanism has 
little bearing on the general usefulness of 
optimality accounts. 

Mazur described a possible optimizing 
mechanism that involves variation (prop- 
erties unspecified) in the distribution of 
responses between two choices and 
comparison (across unspecified time pe- 
riods) of the overall payoff rates so ob- 
tained. His results rule out such a pro- 
cess. However, many other processes, 
sufficient to  yield maximizing under the 
usual conditions that yield matching of 
response and reinforcement ratios, are 
not ruled out.  For  example, if the animal 
always chooses the alternative with high- 
est probability of payoff (hill-climbing), 

large number of errors on early test trials, there 
can be more errors than trials to criterion. 

2. Multivariate analysis of variance applied to tri- 
als and errors to criterion indicated a significant 
overall difference between treatment conditions 
[F(2, 6) = 29.43, P < 0.001]. Univariate analy- 
sis of variance revealed that naloxone treatment 
resulted in significantly fewer trials to criterion, 
[F(I, 7) = 51.87, P < 0.00021 and errors to cri- 
terion [F(l,  7) = 21.44, P < 0.005]. Multivariate 
analysis of variance revealed a significant over- 
all difference between the saline and diprenor- 
phine treatment conditions [F(2, 8) = 7.36, 
P < 0.0151. Diprenorphine treatment signifi- 
cantly reduced trials to criterion [F(I,  9) = 
15.06, P < 0.0051 and errors to criterion [F ( l ,  
9) = 14.49, P < 0.0051, 

13. After four choices had been made, the maze was 
rotated 180" during the delay interval. The re- 
maining food rewards were placed on arms that 
conformed to the correct location in the testing 
room. After maze rotation, the choice of arms 
during retention testing exhibited reliable accu- 
racv based on food location in the extra maze 
env'ironment. 

14. Multivariate analysis of' variance conducted on 
the control values and the combined data from 
the naloxone and naloxone-delay treatments re- 
vealed a significant treatment effect [F(4, 
5) = 11.44, P < 0.0061. Subsequent specific sta- 
tistical analyses indicated that, compared to the 
control conditions, naloxone administration im- 
mediately after the first four choices on the 
maze significantly decreased trials and errors to 
criterion from control values [F(1, 9) = 22.96, 
P < 0.001 and F(1, 9) = 46.96, P < 0.0001, re- 
spectively]; however, no significant differences 
were obtained between the control and the nal- 
oxone-delay condition. 
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where the probabilities are based on its 
past history of choices, results similar to 
Mazur's are to be expected (4). Hence 
his experiment shows only that overall 
payoff rate (averaged over periods of an 
hour o r  so) is not used by pigeons as a 
guide to choice proportion. Few optimal- 
ity theorists, however, assume either 
that overall reward rate is directly as- 
sessed by animals or that pigeons are 
capable of selecting a particular choice 
proportion, as opposed to simply making 
one or the other choice. 

Optimality theory in general is not 
testable, since any experimental result 
can be expressed as the optimal solution 
to some problem; what is testable is 
constrained optimization, the idea that 
animals behave optimally subject to  
specified constraints (5 ) .  Mazur wrote, 
"One might argue that the pigeons in this 
study failed to optimize because they did 
not 'understand' the complex contingen- 
cies in effect. An animal's 'understand- 
ing' is not relevant to optimization the- 
ory, however" (1, p. 825). Actually, 
though, the animal's "understanding" 
defines the constraints within which it 
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can be expected to optimize. For  exam- 
ple, optimal behavior on variable-inter- 
val schedules with a finite seauence of 
interreinforcement intervals (the usual 
situation) is to remember the sequence of 
times and respond only when reinforce- 
ment is available. N o  theorist takes this 
position, because all recognize limita- 
tions on pigeon memory. 

Similar, but unrecognized, constraints 
seem to hold in Mazur's experiment. It is 
not clear that pigeons can detect the 
difference between independent sched- 
ules and the interdependent schedules 
that Mazur used; nor d o  we know wheth- 
er pigeons are capable of learning to 
adjust their proportion of responses di- 
rectly, rather than arriving at a given 
response proportion as  the indirect out- 
come of a sequence of particular 
choices. Yet both of these capacities 
must be assumed if Mazur's result is to  
refute an optimality analysis. One func- 
tion of optimality analysis is to allow 
better understanding of the constraints 
within which optimization occurs; these 
constraints, in turn, provide clues to  the 
processes that allow animals to  behave 
optimally under normal conditions (6). 

We must also disagree with Mazur's 
conclusion that "The results indicate 
that animals will approximate matching 
behavior even at the expense of a sub- 
stantial loss of reinforcement" (I,  p. 
825). which imdies  that adherence to  
matching is the process that determines 
choice. This cannot be correct. Pigeons 
do not always match-matching depends 
both on the pigeon and on the feedback 
functions for the two schedules, and the 
relative importance of these two compo- 
nents has not been fully determined (5); 
attempts to  demonstrate matching as a 
dynamic determiner of choice have 
failed (7). The matching relation by itself 
does not uniquely determine responding, 
since it is a relation between two derived 
measures-the ratio of reinforcements 
obtained (not scheduled) and the ratio of 
responses made. Hence matching, when 
it occurs, is something that requires an 
explanation at the level of individual 
choices, not itself a potential explanation 
for individual choice. 
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Staddon and Hinson agree with me 
that optimization is not a mechanism of 
choice behavior, but imply that no one 
ever said that it was. Rachlin and his 
colleagues (1, 2) have suggested that 
matching behavior is a product of a sup- 
posedly more fundamental process of 
reinforcement maximization. That is, 
Rachlin has maintained that when 
matching behavior occurs, it is because 
this manner of responding maximizes the 
rate of reinforcement. If Rachlin and his 
colleagues mean only that optimization 
is a more fundamental o r  more universal 
end result than matching behavior, we 
are all agreed that optimization is not a 
mechanism of choice behavior. 

In that case, my experiment can be 
viewed as  a test of whether optimization 
or  matching is a more fundamental end 
result. The experiment favored match- 
ing, but Staddon and Hinson do not find 
this result surprising. They say that most 
optimization theorists believe neither (i) 
that animals are sensitive to  the overall 
rate of reinforcement, nor (ii) that ani- 
mals are "capable of selecting a particu- 
lar choice proportion, as  opposed to sim- 
ply making one or the other choice." 
However, Rachlin et al, made these two 
assumptions explicitly: "With two alter- 
natives, behavior A and behavior B, 
each point represents a certain amount 
of time spent performing behavior A and 
a certain amount performing behavior 
B. . . . Maximization theory assumes 
that animals always choose the available 
point with the highest numerical value" 
(2, p. 371). To  avoid further confusion, 
this version of optimization theory might 
be called "literal optimization," for it 
predicts that animals will choose the 
response proportion that maximizes val- 
ue. It was this version of optimization 

theory my experiment tested and failed 
to support. 

On the other hand, Staddon and Hin- 
son endorse "constrained optimiza- 
tion." This theory states that if we take 
into account all the constraints imposed 
upon a creature (including any limita- 
tions of memory and decision-making 
abilities, any inflexibility in response se- 
lection, and so forth), the creature will 
always do the best it can. I agree that my 
experiment did not test this theory of 
constrained optimization, but I suggest 
that this theory strains both the usual 
meaning and the testability of the term 
"optimization." Consider a frog that is 
starving to death in a room full of dead 
flies (since the frog eats only flies it 
catches in midair). According to this 
theory, the frog is behaving optimally, 
because it is doing the best that it can, 
given the inflexibility of its food-seeking 
habits. I think few people other than 
optimization theorists would call the 
frog's behavior optimal. Of course, opti- 
mization theorists can ignore common 
usage and define "optimization" any 
way they wish. But since any outcome 
can be defined as optimal after the fact 
(as Staddon and Hinson acknowledge), 
the concept of constrained optimization 
becomes a tautology, o r  more accurately 
a pretheoretical assumption not subject 
to  experimental test. 

Finally, I agree that just as  optimiza- 
tion is not a mechanism of choice behav- 
ior, neither is matching. Although it 
would be logically possible for matching 
to be such a mechanism, empirical re- 
sults (3) argue against this possibility. 
The point of my experiment was that 
whatever the dynamic mechanisms of 
choice behavior may be, they must be 
ones that can sometimes produce match- 
ing as an end result even when this 
behavior is far from optimal. 
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