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The other side of the coin: Cognitive
properties of nonreward
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In this comment, I examine Amsel's theory in the light of rats' reaction not to frustrative non
reward per se, but to the more complicated case in which frustrative nonreward is part of a rule
based sequence of reward quantities. The discussion goes beyond Amsel's emphasis on disposi
tional memory to consider cognitive and representational memory-the signaling properties of
reinforcement and nonreinforcement. The strengths and weaknesses of Amsel's theory are dis
cussed with the fresh perspective that this viewpoint provides, and some issues emerge that may
be fruitful for further study.

Having followed much of Professor Amsel's work
over the years, and having read his book (Amsel, 1992)
and the precis of it (Amsel, 1994) which are the focus
of this and the companion articles, I think it is pointless
to dissect such a massive body of careful thinking and
hard work with the aim of uncovering flaws. There may
be some, but they are of relatively little importance
when set against the enormous scope and impact ofAm
sel's science.

Instead, I would like to set Amsel's work in a larger
context, a context in which I have had some things to
say over the years. That context also deals with opera
tions that produce frustrative nonreward in Amsel's
terms, but it places emphasis not on the general, dispo
sitional aspects ofnonreward, but on the information or
signaling value of reward and nonreward within a cog
nitive framework. What I want to say falls on the left
side of Table 1 in Amsel's (1994) precis. Of course, this
takes the discussion away from his theory-and for that
reason he would be quite justified in ignoring or dis
missing my thoughts altogether. Perhaps he will! But
through my brief remarks, perhaps Amsel's work will
gain some perspective that will, through contrast, fur
ther illuminate some of its unique properties. For ex
ample, one might ask what is lost in some larger sense
through neglect of the frustration operations in the
processes described at the left in Table I? Or how do
the processes specified by the two halves of the table
interact?

I turn, then, to a brief discussion of some research,
most of it from my laboratory over the years, that has
stressed the stimulus information value ofchanges in re
ward quantities. All of the experiments involved plenty
ofcontrasts among different quantities ofreinforcement,
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including nonreinforcement-and hence, potentially,
substantial amounts offrustration. But my focus was on
what animals could learn about the stimulus relations
among reinforcing events even as they dealt, no doubt,
with the concomitant emotion they were experiencing.
Instead of focusing so much on the within trial, emo
tional correlates of frustrative nonreward and the stim
ulus aftereffects and counterconditioning in the context
associated with them, the work focused on the between
trial, stimulus properties associated with reinforcement
patterns more generally conceived-and on what they
could lead the animal to learn about the flow of rein
forcing events. The process was conceived to be more
cognitive and perceptual than emotional.

The Organization ofSerial Sequences of
Reinforcing Stimuli

The inspiration for most of the work discussed here
came from two seminal sources. The first was Lashley's
(1951) paper on the problem of serial order in behavior,
and the other was Simon and Kotovsky's (1963) paper on
how the problem ofserial order could be conceptualized
for human learning in terms of rules. Lashley noted the
deficiency ofa pure stimulus-response associative chain
model for describing how organisms learned that stim
ulus events followed one another, and Simon and Ko
tovsky described some principles (later expanded upon
by Restle [e.g., 1970], among others) for the serial or
ganization of stimulus events in memory. For example,
Simon and Kotovsky described how people view a se
quence of stimulus events (such as the numbers 1-3
5-7-9) and, when asked to supply the next stimulus in
the sequence, typically provide the number 11. In so
doing on such a completion test, they exhibit the propen
sity to (1) abstract an organizing rule for the elements
of the sequence, and (2) retrieve the rule and use it to
generate the next element by extrapolation. It is impor
tant to note that these are both psychological principles
that reside in the observer, not in the stimuli. A priori,
the stimulus sequence in question might have been fol-
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Figure 1. Response times to the correct ann of a T-maze on the ini
tial free-choice run to that ann, and on the following four forced runs.
The order in which 0, 1, 3, 7, and 14 pellets offood were obtained by
the rats in that ann increased (SEQ-I), decreased (SEQ-D), or var
ied randomly. Data are from Hulse and Campbell (1975).

ticipation of nonreinforcement on the final forced run.
Rats in the random group, unable to anticipate any given
food quantity accurately, opted to run quickly on all
trials.

What about data from nonreinforced runs to the in
correct side of the maze when rats made errors? First, it
proved impossible to completely balance the number of
free and forced runs to the correct and incorrect choices.
The rats often refused to enter the wrong side of the
maze on more than two or three of the successive forced
runs that followed an incorrect choice-often they bit
the experimenter and demonstrated other signs of non
reinforcement-produced frustration and aggression. So
the procedure was modified to add just one nonrein
forced run following the initial nonreinforced choice on
an error trial. The relevant data appear in Figure 2.

For trials on which errors occurred, rats trained with
predictably increasing or decreasing food sequences for
correct responses were much slower to enter the wrong
side of the maze-in comparison with rats for which
reward sequences were haphazard following correct
choices. This fact was true on the initial choice of the
wrong side, but especially on the second forced run to the
wrong side that ensued. These hesitancies to the wrong
side following errors were characteristic only of the
SEQ-I and SEQ-D groups-that is, for the groups in
which reward sequences were arrayed in orderly fashion.
The rats in the random group ran rapidly to the wrong
side on both their free and forced choices to that side.

What are we to make of these data theoretically? One
possibility-the one we adopted at the time-is that the
rats abstracted the structure of the sequences of food
quantities, encoded INCREASE, DECREASE, or RANDOM
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lowed by any number. People just do not conceptualize
the problem that way.

"Thinking ahead" in rat discrimination learning. The
question was whether the foregoing ideas could be ap
plied meaningfully to creatures other than humans.
Hulse and Campbell (1975), in the first experiment on
that problem, trained rats in a T-maze brightness dis
crimination. Correct choices were rewarded not with just
one piece of food following an initial free-choice re
sponse, but instead with a sequence ofreward quantities
consisting of the initial food quantity plus four addi
tional quantities to which the rats were forced over four
further runs to the same side of the maze. That is, a trial
consisted ofan initial free-choice run to an arm in the T,
followed by four forced runs to the same arm. Incorrect
choices were treated similarly: If the rats chose the
wrong side of the T on their initial free-choice run, non
reinforcement ensued, and that was followed by addi
tional forced nonreinforced runs to the incorrect alter
native. This procedure was designed to ensure that the
rats had equal experience with the choice alternatives.
The interrun interval within a trial was 30 sec, while the
intertrial interval was 15-20 min. This ensured that the
runs ofa trial were "chunked" together in time from trial
to trial.

The sequences of reward quantities for correct
choices all contained the same total amount of food, but
the quantities were arranged from run to run in different
orders. There were three critical groups in the experi
ment (plus some controls, which are not important here).
A group trained with an increasing sequence (SEQ-I)
had reward quantities increase from 0 (yes, the initial
choice on a correct trial was not reinforced) through 1,
3, 7, and 14 food pellets. A SEQ-D group had reward
quantities decrease from 14 food pellets on the initial
choice through 7, 3, 1, and 0 food pellets on subsequent
runs. A random group received the food quantities in a
haphazard order from one correct trial to another. The
significant questions were, first, would the rats learn the
discrimination under these conditions? Second, would
they show differential sensitivity to the three sequences
of food quantities for correct choices?

The discrimination was mastered under all conditions.
Not surprisingly, perhaps, the SEQ-I group required
more trials to reach a criterion than the others did, no
doubt because of the confusion induced by the initial
nonreinforcement of the free-choice run to the correct
side (and, no doubt, frustration-induced incompatible
responses that had to habituate over trials), but all
groups learned. The running-time data for the free and
forced runs to the correct side of the maze on correct
choices are shown in Figure 1.

The significant fact to note from the figure is that the
rats' running times reflected their anticipation of the
successive quantities of food on the runs of a correct
choice. Rats in the SEQ-I group were appropriately hes
itant on the initial free-choice run; they ran fast there
after (but no faster than the other groups). Rats in the
SEQ-D group ran quickly at first, but then slowed in an-



Figure 2. Response times to the incorrect ann of a T-maze on the
initial free-choice run to that ann, and on the following forced run,
as a function of whether reward quantities increased (SEQ-I), de
creased (SEQ-D), or varied randomly in the correctann ofthe maze.
Data are from Hulse and Campbell (1975).
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times to all the quantities, the rats were given a transfer
test in which they were returned to the runway after com
pleting runs to the initial four food quantities as usual.
The results on the very first trial of the transfer test are
shown in Figure 3.

For all three conditions, the running times on the four
quantities preceding the novel fifth run tended to slow,
especially in anticipation of the final one-pellet quantity
used in initial training. The main data of interest, how
ever, are those for the critical fifth test run-to zero re
inforcement (although, of course, the rats did not dis
cover this fact on the first test run until they entered the
goalbox). The figure shows clearly that the rats slowed
their responding on the fifth run according to the extent
to which the training patterns implied yet a smaller
quantity of food following the fourth run. The implica
tion was strongest in the structure of the strongly mono
tonic pattern, less so in the weakly monotonic pattern,
and not implied at all in the nonmonotonic pattern. The
rats behaved as if they encoded the structure of the pat
terns and accurately "predicted" the novel quantity
through extrapolation of the rule. Although we have no
way of knowing whether the rats were anticipating true
nonreinforcement (and its associated frustration) on the
test trial, the possibility is intriguing.

Other experiments. This is but a small sample of the
research on serial patterns of food quantities. Other ex
periments have shown, among other things, that longer
patterns, with more instances of a given rule, are more
efficient in inducing rule encoding than shorter patterns
are (Fountain, Evensen, & Hulse, 1983). Furthermore,
pattern learning is more efficient if pattern structures are
parsed by spatial or temporal phrasing cues (Fountain,
Henne, & Hulse, 1984). More recently, Fountain (1990)
has used brain stimulation as reinforcement and found

Figure 3. Response times on training runs and on the very first test
run, as a function of whether reinforcement quantities on training
runs decreased according to a strong monotonic rule, a weak mono
tonic rule, or a nonmonotonic rule. Data are from Fountain and
Hulse (1981).
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rules describing that stimulus structure, and adjusted
their running times in accordance with an application of
the encoded rules (Hulse, 1978; Hulse & Dorsky, 1977).
This approach requires the one additional assumption
a reasonable one-that rats slow or speed their running
in anticipation of large and small amounts of reward.
The analysis is certainly based on principles to the left
of center in Amsel's Table 1.

The extrapolation of serial patterns. The Hulse and
Campbell (1975) data imply strongly that rats are very
good at anticipating the next food quantity in a series of
food quantities. They may even encode a rule describ
ing the orderly changes in food quantities. One way to
test that idea further is to train rats on different ru~
based sequences and see whether they do, indeed, ex
trapolate the patterns on the basis of the rule when given
an opportunity to do so.

Fountain and Hulse (1981) trained three groups ofrats
to run an alley for four different food quantities arranged
in three sequences. With respect to the order of food
quantities, one sequence, 14-7-3-1 food pellets, was
strongly monotonic: each successive quantity was smaller
than its predecessor. Another sequence, 14-5-5-1 food
pellets, was weakly monotonic: each successive quantity
was never larger than its predecessor but was sometimes
equal. A third, 14-3-7-1 food pellets, was nonmono
tonic: successive quantities were sometimes smaller and
sometimes larger than their predecessors. The notion
was that the three patterns, given that their organized
structures were encoded, should vary in their implica
tion of the size ofa fifth food quantity should the rats be
asked to make one more run and "fill in the blank," after
the manner of the completion tests described by Simon
and Kotovsky (1963). After initial training in which all
groups responded with roughly the same rapid running



hat rats are superbly skillful at learning very compli
ated rule-based sequences of reinforced and nonrein
arced choices.

The role of frustrative nonreward in serial learning.
3ut what general role is frustrative nonreward playing in
he foregoing situations, and what does it buy us theo
etically? First, it cannot-i-alone, and as a general pro
.ess-s-account for the serial patterns of running times
icross the groups following correct and incorrect choices
n the Hulse and Campbell (1975) experiment, because
III the groups received exactly the same quantities ofre
nforcement through the runs of a trial. Stimulus order
s paramount, and the effects of that are not captured ef
ectively by principles of frustrative nonreward alone.
;econd, in that experiment, frustrative nonreward as
iart of the overall discrimination process (see Amsel,
1994, Figure 2) no doubt accounted at least in part for
he rats' eventual reluctance to enter the wrong alley.
-Iowever, it is difficult to see how it would explain an in
.reased reluctance to run on the forced return to the
vrong alley only in the rats experiencing rule-based pat
erns of reinforcement and nonreinforcement in the cor
-ect, reinforced alternative of the T-maze (cf. Figure 2).
::iranted that perseverative effects based on the general
zation of conditioned persistence from one alternative
o the other might occur (see, especially, chapter 4 of
Frustration Theory, and Amsel's extensive discussion in
lis precis of the transfer of persistence effects across
conditions). But if so, the generalized effects are over
laid by a process that reflects the ordering of stimulus
sequences associated with the alternative, correct choice.
And that seems better accounted for by generalization
oased on a process such as the rule-based approach out
lined above.

It is hard to know how Amsel would deal with the ex
trapolation of food quantities in the Fountain and Hulse
(1981) experiment. In that case, the rats were apparently
anticipating reduced (zero?) reinforcement based on
rule structure. Were they also anticipating primary frus
tration under those circumstances, even though they had
never experienced it directly?

So, to sum up, these data do not seem to be ex
plained adequately by an appeal to frustrative nonre
ward alone, although, as I have noted, frustrative non
reinforcement was no doubt part of the overall learning
situation. If Professor Amsel will permit, one may imag
ine a rat, hungry and under pressure, who nevertheless
comes to survey and control the discrimination situa
tion coolly-i-encoding and utilizing the many regulari
ties with respect to reinforcing stimuli that the situation
affords. That rat is clearly following the principles out
lined at the left of Table 2 in Amsel's precis, while at the
same time dealing, no doubt, with correlates ofthe prin
ciples on the right.

Serial Sequences and the Brain
Observations like those just described invite questions

about the brain structures that underlie them. To my
knowledge, little or no work has been done on this issue
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in the context of serial sequences of reinforcement. One
of the few, if not the only, experiments of which I am
aware is an experiment done by Olton, Shapiro, and
Hulse (1984), in which rats with fimbria-fornix lesions
were impaired in their ability to track a series of de
creasing quantities offood placed in the arms ofa radial
arm maze. Given the stress that Amsel places on the
hippocampus in mediating the effects of partial rein
forcement on behavior, it remains important to do fur
ther experiments examining the function of that struc
ture in this regard.

Questions
I close by identifying an issue that may, perhaps,

stimulate some discussion. It is possible to think of non
reinforcement and any particular finite quantity of rein
forcement as special cases of a larger set of events-s
namely, variable quantities of reinforcement. This im
plies in turn that the functions that Amsel ascribes to the
hippocampus and the behavioral inhibition system (BlS)
in mediating the effects of reinforcement and nonrein
forcement must apply to this larger class of events. If
that is correct, the hippocampus (and the BlS) must be
more finely tuned to reinforcing events than to simple
reinforcement and nonreinforcement. If so, what impli
cations does that have for understanding the neural un
derpinnings ofpersistence and the other effects ascribed
to frustrative nonreinforcement? What implications does
this have, similarly, if the variable quantities of rein
forcement are arrayed in some rule-based organized se
ries? And how might this modify Amsel's conceptual
ization of the development of the "paradoxical" effects
of reinforcement and nonreinforcement-c-the develop
ment, for example, of the partial reinforcement effect in
ontogeny?

It would be fun and, no doubt, fruitful to apply Am
sel's "six steps" (Amsel, 1994, Table 3) to the issues
raised by the foregoing questions. This is not the place
to discuss the application of the steps to the issues in de
tail. But it would be interesting, for example, to know
more about the neurophysiological control of the effects
of varied (and ordered) patterns of reinforcement, and a
good place to start would be to search for their appear
ance in development. Is the ability of a rat to "track" a
sequence of reward quantities related to the ontological
emergence of sensitivity to reward and nonreward per
se? Offhand, that seems a reasonable conjecture worthy
of study.

Of course, all these issues and questions become im
portant largely through the theoretical context in which
they exist. We all owe Professor Amsel great credit for
creating that setting and developing it so skillfully.
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