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Introduction

Aithough the'interpretation of reinforcement in animal learning
has'ﬁeen & focus of theoretical controversy for many decades, the
corregponding issue as it arises in experimentation on hﬁman'learning
has been strangely quiescent for a very long period. Perhaps the
reason is in part that ﬁuch of fhe research on human learning, at least
:in this country, has been conducted by investigators in the functionalist
tradition. Although functionalism entails no necegsary commitment to
any particﬁlar theory of reinforcement, its representatives seem usually
to have pkoceéded o the assumption that the nature.of reward is cap-
tufed'in essentials by Thorndike's law of effect, according to which
' the action of reward is a direct and automatic strengthening of the
,stimuiﬁS—response associétion,

Folléwing Thorndike's sYstematic'sﬁudieszof “aftereffects” (1931,
1955), the problem of rewar& in human iearning recelved little explicit
attehtioﬁ until the recent burgeoning of research on verbal behavior
.By ﬁéans'of operant® con&itioning“techniques. The wave of these studies,
. which félloWed Greenspoon's original experiment (1955) appeared uniformly
to'support an operant conditioning.interpretation essentially equivalent
. %o the law of effect (see, e.g., Salzinger, 1959). It appeared that
suitébly prbgrammed rewards controlled the occurrence of verbal behaviors
in a manner predictable. from analogous studies of operant behavior in'
animals; and., in.particular,thateffects of rewards were independent
of the subjects' awareness of felationships or contingencies between.

their responses and reinforcing operations.,



In a major review of the literature on verbal rewards and punish-
ments Postmen and Sassenrath {1961) concluded (1) that the law of effect
was on the whole well supported by a variety of evidence; (2)“that of
the vgrious types of evi@ence that other investigators had thought to
bring the principle in guestion, only that having to do with the |
:_necessity of awareness of response-feinforcement contingenéies on the
part of the learner was truly germene to the issue; and (3) that, owing
to methodological and logical difficulties having to do with criteria
Qf awareness, the studies purporting to relate effectiveness of )
rewards to the subject's awareness of contingencies canpot provide
a source of critical evidence regarding tenability Qf.the lew of.éfféct.

In his own theoretical writings, Thorndike (1931) recognized, and
attempted to refute, an alternative type of theory in which rewards
and punighments might function as determiners of choices but without
~any direct_influence on. learning. According to this conception, the
learning which occurs in & standard human learning experiment would
be a matter of the subject's acquiring information concerning rglgtion-
ships between stimull and responses in the material to which he is ex-
posed and relationships between these and rewarding or punishing ocutcomes.
The learning would simply be a functicn of such variables as contiguity,

frequency, and recency. The values of rewards and punisbments would be
relevant only in so far as they determined the gubject's choice_ﬁf.
responses on a given trial once he had recalled the ‘relevant events
that had océurred bn the preceding trials of an experiment. This

alternative viewpoint has received little attention in the literafure




on human learnlng, perhaps partly bhecause Thorndlke did not favor it
himgelf ang perhaps more 1mportantly because no expllc1t and detailed
theory of this type has been formulated.

: More recéntly, two reseafch developments have lent new interest
to thé desirability of formulatihg a theory of the secdnd type. Firstly,
with regard tc the operant conditicning situation, studies by Dulany
(1962) and by Spielberger and his associates {1962, 1966) have cast
ébnsiderable doubt upon the conclusion that verbal response tendencies
are systematically modified by thé effects of rewards when the subjects
ére unaware of relationships between the rewvarding events and theilr
résPonses; With regard fd the more classical types of human learning
experimentg, involving the paired—associaté or Thorndikian paradigms,

‘a series.of studies by myself and associates (Keller, et al. 1965;
Estes,l966; Humphreys, Allen, and Estes, in press) have pfovided con-
..sidefable evidence that the function of reward in these éituatioas'can
.'Ee experimentally decomposed iﬁto what may be termed informational énd
.motivational components.

In the remainder of this chapter T pr0pose; fifstly, to review

a éaﬁple of eaflier findings from fhe rather extensive series of
sﬁudies done in my laboratory leading %o an interpretation'of reinforce-
ﬁent in human leazrning that does not assume the law of effect; seéohdly,
to oﬁtline the théory that has taken form; énd, thirdly, to preseﬁt

dné of the relatively novel experiments we have contrived to put this

formutation t¢ an exacting test.




Information Versus Effect
When a reward is presenﬁed following & resPonsé; there aré at
least two distinet ways in which the reward might affect iéarning of
the resgponse.  Firstly, there_is the possibility thaﬁ the reward exerts
_a,direct strengthening effect upon the associative connection between
the response and the stimulus which evoked it, this being of course the
cenventional law of effect_interpretation, Secondly, there is the
possibility that the subject simply learns the relationshiﬁs between
the preceding stimulus and response and the reward as a result ofr
having experienced then in ﬁemporal coﬁtiguity. A long term experimen-
_tal progrém in my laboratory hag been directed toward the problem of
sgpargting these two.possible functions of rewa¥d. |
The first set of data relevant Lo this issue comes from two groups

included in a larger experiment that was conducted by a group of |
graduate students in my-advanced laboratory methods course at_Indiana
Univefsity in 1957. The purpose was to ascertain the extent ﬁo Which
learning of a paired-associate item could be influenced.by reward_in
the sense of an indicetion of correctness of response when opporfunities
for acquiring informastion about stimulus-response-reward relationships
were strictly equated. For brevity let us denote the two conditions

as being the Effect and the Information conditions. Twenty-four pollege
student subjects were run under each condition, learning 12-item lists
Qf_double letter, double digit pairs. Subjects in the Effect cén@ition
received first a cycle through the list on which each of the stimﬁLus—

response pairs was presented once, then a series of cycles under a




 conventional anticipation. procedure, continuing until the subject met
& criterion of all 12 responses correct through a single cycle.

Under the anticipation procedure of the Effect condition; each
trisal begen with & 3-sec. exposure of the stimulus member of an item
during which the subject attempted to give the correct response from
'memory, then a 2-sec. blank interval, then a 3-sec. presentation of
the stimulus together with its correct response. A 60-gec. rest
interval intervened between successive cycles. through the list and,
of course, the order of ifiems was randomized anew for each cycle.

For the Informdtion group, odd-numbered cycles through the list
Hihfélved only ﬁaired presentations of the stﬁmulué-re5ponse members of
the items; and ever numbered cycles comprised recall test trials on

?ﬁhich the sbimulus members were presented alone, with the subject
. attempting to give the response from memory but with no feedback of
any kind from the experimenter indicating correctness or inéorrectness
of the response. Under this.procedure, on any one trial of the paired
-presentation cycle the svbject received the'Bmsecn presentation of
the stimulus respcnge palir, then a 2-sec. blank interval, then a
~ 3-sec. presentation of the next scheduled pair, and so onj a 30-
sec. rest interval intervened between the end of this cycle and the
folldwing test cycle. On & test trial each stimulus member appeared
. alone for 3 sec., during which the subject responded, with 2 sec.
between successive trials and a 30-gec. regt at the end of a cycle
before initiation of the following peired presentetion cycle. Thus,

-within a margin of error of 2 sec. per cycle on the average, the



1nterval between a palred presentatlon of any 1tem and the next subse-
quent recall test on that iten Was, strictly equated for the Effect and
Informetion conditions. The dlstlnetive difference hetween the procedures
was that under the Effect condition subjects received immediafe reward,
in the sense of an indication of correctness, following every correct
response; under the Informetion condition a subject's correct response
on a recall test could have received no reward until that item eame_up
en the subsequent paired presentation cycle, in general more TShan a
minute later and after a large number of intervening items had been
presented. Whereas both groups received exactly the same amount.of
information concerning correct stimulusnreeponse relationships between
successive recall tests, the Effect group should have had an adfantage
if an Ilmmediate indication of correctness exerts a strengtheniné effect
on stimulus responge association in the menner essumed by the”e;aesieal
__lew of effect. | o

The principal results are p:esented ianable 1 in terms of meen
numbers of triale and mean numbers of errors to criterlon for the two
conditions. Clearly the Effect condition yielded no advantage end in
fact slower learning according to both measures, though in neither_case
was the difference statistically relisble. The lack of any advantage
for the group recelving immediaﬁe knowledge of results 1s evidently
not peculiar toc our conditions, for it has subseguently been replicated
several times (e.g., Batbig and Brackett, 1961). This finding, rather
unexpected from the viewpoint of law of effect theory, could perhaps

be explained in various ways, but the simplest interpretation would




Teble 1

Trials and Errors to Criterion under

Information and Effect Conditions

Trials _ Errors
Condition M SEM M SEM
Information 7.71L 0.64 37.79 3,81

Effect 8.96  0.48 45.8% 3,05







geem to be that learﬁing'of the correct stimulus-response relationships
in this situation depends simply upon contiguous'éxperience of the
corregponding events and not upoh rewarding conseqﬁences following
correct responses.

.Having failed Lo detect any sitrengthening affect of immediate
knowledge of results when information presénted was held constant across
conditions, we turned next to the mirror image, that is, a comparison
with reward value held constant while information was allowed to differ,

Tn & study by Keller, Cole, Burke, and Estes (1965),subjects learned a
é5—item paired-associate list, all items having different stimulus
members but there beiﬁg'only two response alternatives, one or the
other of which was correct for each item, On each trial of the experi-
menﬁ.the stimulus member of an item appeared on a scréen, then the
subject chose one of the two possible'responses'and; following this,
réceived the reward assigned to that stimulus response combination.
Rewards were giﬁen in "points,” the numerical values of which were
ﬁresented visually immediately following the response; thé number of
points received.over a series of triéls was directly related to the
éubject‘s monetary payoff.for participating in the experiment.

For each stimulus in the list a palr of reward values, for example
1 point vs 8? 2 points vs L, was assigned to the two possible responses
and the‘assignment did not change for the given subject throughout the
experiment. Iowever, Tthe conditions of presentstion of the réwards
differed for ﬁwo groups,'one group being run under what we shall.call

the Correction and the other the Noncofrection.procedure,' The




Noncorrection condition corresponded essentially to that of the
Thorndikian trial and error experiments; that is, on each tri#l é subject
made his cholice of responses following presentaticn_of tﬁe stimuiusrand
then was shown the reward value given for that resﬁonse° _Uﬁder thé
Correction condition, once the subject had made his choice on each trizl,
- both assigned reward values were shown, the one which.the subject re-
”qeived for the response he had made and also the one associated wifh the
- response not made on that trial. Thus, the rewards actually received
for each stimulus-response combination were exactly the same for thé
two groups, but the amount of information given per trial concerning
stimulus-response-reward relationships was twice as large for.the |
_Correction as for the Noncorrection condition. o

. With an error on any item defined as a choice of the response
carrying the lower reward value, mean errors per item to a criterion
.of,five consecutive correct responses were compared for.items having
different reward combinations within each of the training_conditiéns.
For the Noncorrection condition, the overall picture was essentiailyf
as one would anticipate on the basis of classical conceptions of re&ard,
the rate of learning being higher the grester the difference betﬁeen
thg rewar@ values assigned to the two response alternatives of an item;
_ agd a gimilar ordering appeared with respect to mean trial of ﬁhe last
error. In each case the variation over reward combinabtions was hiéhly
'significant, the mean value for the item with the largest feward'
differential (1 point vsgB) being less than half that for the slowest

learned item (2 vs.%). For the Correction condition, in contrast,




there was no siénificant variation in either of these stabistics over
items with different reward combinations and no ébnsistéhtzorderiﬁé
of items with respect to reward differentials. For example, the Fastest
learhed.item.Was.M vs.8 with 1.84 errors and the slowest i Vs. with
3,07 errors, with such extreme differential iﬁems as 1 ve.8 and 1 vs,2
.félling in betwéene
The first of these sets of findings fits in with the notion that

& lafgér difference between the reward &élues fér an item leads to a
drawing'apart'of associative strength for the two response alternatives
Simply Bécausé.of'the different incremenfé in strength preoduced by fhe
two reﬁards, .Howevéf, the correction procedure involved the samé'.
reward céntingenciés, vet led to no significant varistion of leafhing
”fafé With reward differentiélé, thus césting doubt upon ﬁhat iﬁterpfe-
tabion. When full informabion was given on each trial Tor each item,
the rélationship between learning rate and reward differenﬁiai diéépﬁeared.

"If léarﬁing rate were a function purely.of informetion received
- by the subject per trial, we should'expect the rate to be appfOXEmatély
twice as gréét for the Correction as for the Noncorrechion condition;
since in the former information concerning both of the responsé—feward
'felétions of an item was 'given on each trial bub in thé ancorrection
condition bnly.one of the two was available to the subjeﬁt on aﬁy;oné
trial. In{-,eresfingly, the rate of learning as measured by the slope
.ﬁonstant of.the learning CUrve was almdst exacfly twice as iarge fdr.
the Correétion‘aé for the Noncorrection condition (;21 vs .10), If

learning is actually a function only of information'transmitted; then




the variation among observed learningrcprves for the_Noncorregtipn 3
condition must be attributed simply fo & performance difference,
expected on the ground that,in the case of partially learned items,
subjects will tend to make fewer errors If the reward differentials
are large. When only one altefnative has been learneﬁ for a given iten,
That choice will tend to be made if the learned reward is large;.that
choice will tend to be avoided if the learned reward is small.

Additicnal data of.coﬁsiderable value both for evaluating the
classical interpretation and for pointing the way to desirable.modi;
fications are avallable in the response latencies of the sﬁudy by..
Kéller, et al. Cénsidering mean latencies over the entire series as
a function of reward combinations, for the Correction condition there
were only glight differences, and the only noticeable systémafic trend
was a slight tendency for latenciés to decrease as the sum of'fhe
reward values per item increased. For the Noncorreﬁtion oonditiQn,_
howe%e:, & much steeper funption emerged, with mean latency decfeasing
-as the higher reward value of a_pair ircreased and, When.the higher
value was held constant, decreasing as the sum of the rewafd values
incressed. | |

Same points of special interest with respect to the Noncorrection
data are brought out in Figure 1, in which mean correct response latenciesg
are plotted for the firét block of 10 trials in the upper two panels
and for the final block in the lower two panels. On the left-hand side,
latencies are plotted as a function of reward differential per item.

A significant, though modest correlation is apparent, but the correlation
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KELLER ET AL.(1965) NON CORRECTION GROUP

CORRECT RESPONSE LATENCY
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Figure 1. Mean correct response latency as a function of reward
differential {left-hand panels) and of value of the
higher reward per item (right—hand panels) at early
and late stages of learning.






decreases somewhat from the first block to the last; in fact, if. the
point for the reward differential of 1 (the 2 vs. 1 item) were deleted,
“the correlation would be virtually O in the last block.,

In the right-hand side, latencieg are plotted as a funétion of
the value of the higher reward per item. The two significant findings
which emerge from the latter are that the correlations of latency with
the independent variable are higher in both instances on the right than
_on the left, and that the correlation increases from the first block to
‘the last, the funciion being virtually linear in the final block.

Evigently, the higher the rewerd value a subject has learned to
expect following a given response, the more probable ig that response
‘to-occur and the lower is its latency on the ave:age-when it does
T-oceur.

5%111 more direct demonstrations of the establishment of learned
-associations between originally neutral stimuli and rewards, and of the
~effects of this learning upoﬁ performance in new situations, is provided
- by several recent studies conducted with children. For example, Nunnally,
‘Duchnowski, and Parker (1965) gsve second-grade children experience
with an apparatus constructed somewhat like a roulette wheel except
that the wheel was bordered with nonsense sylliables rather than numbers.
When the wheel stopped with the pointer on a particular one of the
© syllables, the positive stimvlus, the subject received a two-cent
reward; when it stopped on a second syllable, the negabtive stimulus,
the subject was punished by loss of one cent; and when the wheel stopped

on the third syllable the outcome was neutral, .that is, neither gain nor
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loss. After a series of training trials, tests were given in a
© “treasure hunt” situation in which the subject was confronted with a
set of white boxes, ldentical except that each had one of the nonsense
syllables printed on the top, and was given a series of opportunities
-to find the box which contained a twenty-five cent reward. The subjects
exhibited a significant tendency to select bhoxes lébelled with the
o previously positive stimulus as compared to the previocusly negative .or
neutral stimuli. Further, when in another test the subjects were simply
allowed to look at cards contalning the various nonsense syllables in
& view box with their eye movements being photOgraphed,_they exhibited
& greater tendency to lock at the positive than the neutral stimulus
and longer at the neutral than the negative stimulug. - Similar resulﬁs
concerning leooking time” were obtained in & relested series of experi-
ments reported by Nunnally, Stevens, and Hall (1965).

In a study of somewhat different design, Witryol, Lowden, and
Fagan (1967) gave childrern training intended to establish associations
between stimulus dimensions and reward values. During a training series
the child made a choice and then received a reward. When two stimuli
from one dimepsiOn, gsay color, were presented, the child received a
high reward regardless of his choice, and when stimuli from the other
dimension were pregented the child received a low reward regardless of
his cholce. Following this training, the children were given a seriés
of trials on a digerimination problem in which one of the formerly
- presented dimensions was relevant and the other irrelevant with, now,

a. light serving as the reinforcing stimulus indicating correctness
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of reépcnse.a Discrimination learﬂing'was more rapid when -the formerly
'high‘feward dimension was relevant, and this finding, together with

other aspects of the data, indicated that the children had developed
an increased fendency to attend to the dimension. associated with high'

reward.

. Provisiconal Imterpretation of Functlons of Reward

The findings Jjust reviewed are represeﬁtative of the series.of-
stﬁdies which appears to be converging in a rather direct way upon a
.jarticular-set of assumptions regarding the functions of rew#rd. The
ideas involved are applicable.to animal.as weli as humaﬁ learniﬁg and
can be cast in ﬁatheﬁatical form up to & ﬁoint (see Estes, 1967; Hﬁmphreys,
Allen and Esteé; 1968.[in préss]) but for-pfesent purposeé it will
éuffice to develoﬁ theﬁ informelly in the context of standard‘humén
. leérning"situationso | | | |
| .Any one frial of ﬁ‘simple.trial and errof learning expérimenﬁ,‘
such aé.that of the étudy'by‘Kelierj et al.’involve5'preséntation of'é
stimulus, a choice of response by the subject, and fiﬁally preseﬁtaﬁion
of & reﬁarding sutconme. For.brevity‘we shail dencte thése:thrée come-
'ponenfs by’Si, Rj’ and Qk'- TheAprincipal aésumption to be mgde.concerning
learning is that associations between aﬁy two of these components may
" be fofmed.simﬁi? ag a function of contiguous;éxperiencés of them,"Thﬁs
on a trial in which a stimulus S is followed by a responsé'Rl.énd butéome
0y, associations of the.form.S—Rl,_SQOl, end Ry -0, may be established.
It is-assumedrthat learning in this sense occurs on én all-or-none |

basis, with a constant probability over trials that an association
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will form upon the contiguous occurrence of the approPriate‘membggg.
The term association is being used simply in the sense-of.memqry gtprage
such that, in the case of an 5-R association, the_prgsentation of S_” 
evokes a representation of R, in the case of an 5-0 associatiop the:
presentation of S evokes a representation of O, and so on. This learning
is assumed to occur purely as a function of contiguity and independently
of reward values of oubcomes. | |

One aspect of this lést assumption requires'clarifiéation. What
is proposed is that once.two stimull axre sampled, of perceived, contiguously
there 1s some probability that an a35001at10n will form, thls probablllty
being 1ndependent of assoczated reward values. It is not 1mplled however,
that the probabllltles of sampllng partlcular stlmull may not change
‘over & series of trials. _In fact, appllcatlon_of the present theory.td
the learning of perceptual, or orieﬁting responses,leadé to the-preaicfion
that subjects! selective sampling of stimuli may be systeﬁatically modi-
fied by a learning series in which different cueé-are associate& with
_ different fewards, | | - |

The principal function of rewards in this theory is tb médify
response selection in any given state of leérning. If 1earning has
occurred with.respect to & parficular itém, then wﬁen the item is
preéented the stimulus mémbefs are scanned.and their learnedvassociaﬁions
. are activated, that is brought into the subject's_immediate memory, It
is assumed that recall of a rewarding or punishing outcome carries what
may be termed facilitatory or inhibitory feedﬁaek, The effect of |

modulaticn by feedback is that when the scanning process mOves fromjé

;
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recalled response with anticipated outcome of higher to one of lower
reward value, feedback becames inhibitory and the letter response does
not occur overtly. When the process moves from a lower to a higher
recalled reward, the latter response-reward assoclgtion carries facilita-
tory feedback and there is some probebility, directly related to reward
value, that the response will occur overtly.

':Thus, whnen an item is in the fully learned state, that is both
alternstive responses and theéir asscciated rewards have been learned,
then,  upon each presentaticn of the stimulus, the correct response is
‘chosen and the latency of the response is shorter the higher the associated
reward value. When an item is completely unlearned, no representations
of previous responses or rewards are brought into memory when the
stimulus is'presented and the subject simply must chooge at random
between the' available glternatives. When an item is partially learned,
so that upon occurrence of the stimulus only one of the associated
r93ponse~reward:combinations can be-recalled, the outcome is not fully
determinate. Presumably the feedback associated with the response-whose
reward value is unknown would be egqual to the average of that generated
by choices of responses with unknown rewards during the preceding trials
‘of the experiment. Since this value would fluctuate somewhat from trial
to trial, all that can be agsumed is that for any given khown reward
value there is some probability that it would carry higher positive
feedback than that of the unkmown reward value associated with an
. alternative response to the same stimulus, and this probability would :

be higher the higher the value of -the known reward.

: .



. EVgn_though our assumption be correct that associative lea:ning
of a stimulus-response relationship depends solely upon the contiguous
experience of the two members by the learner, it must be recognized
that other factors influence performance under various test. conditions.
There is considersble reason to believe that for recognition of learned
gstimulus-response relatlionships, the contigulty assumptioﬁ is for all
practical purposes sufficlent as well as necesaary, (see e.g., Hgtes
and Da Polito, 1967), By contrast, any type of recall test, involving
determination of the subject's tendency to give the response upon
© presentation of the stimulus alcne, is sensitive to variables influencing
~covert or overt rehearsal. In the study by Estes and Da Polito for
- example, introduction of an instructional condition intended to reduce
the subject's tendency to rehearse stimulus responge relationships
during training had virtuslly no effect upon subsequent recognition
performance but was severely detrimental to subsequent recall.

Within stimulus sampling thecry (Estes, 1959) there are several
- reasons for expecting this dependence of recall performance upon. re-
hearsal. Firstly, the repetition involved provides repeated copportunities
. for elements of the stimulus to become associated with the regponse..
Becondly, during rehearsal the stimulus member occurs out of the context
of the training trial, which might be expected to promote transfer to.
later tests in which the stimulus appears in different contexts.
Thirdly., in rehearsal the stimulus and the response members of the
association will frequently'be brought into closer temporal contiguity

than was the case under conditiong of a training trial.
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'The-éertinencé of these observations Tor the.prééent diécuésion
is.that in adult hﬁman gubjects, at leasgt, it musf.be;éxpectéd‘théf.
motivaticnal variables and, in particular, rewards and punishments-wiil
influence rehearsal. The effects may be expected to be manifest in at
- least two ways. Firstly, if one compares conditions for different groups
of subjects which differ with respect to reinforcing conditions,. we must
expect an overall difference in performance, other things eqﬁal;.in -
favor of the group receiving the greater rewards or punishmenté, since
-either would lead to increased tendencies to rehearse-and thus to éﬁ
imprbvement in performance which would be nonSpecific-with respéct to
items; Secondly, in 6xpefiments in which reinforcing conditions vary
from item to item, we should expect greater tendencies to rehearse on
items involving larger reward values. However, it should be noted
thet the essential relationshiprhére is between thé stimulus mémbers'of
thé item and the associated rewards, not the-speci%ic relétions between
responses and rewards. Thus, for example, in the Correction conéiﬁion
of the‘Kellér,‘et al. (1965) study, an overall tendency was ﬁaﬁifest
for response lateﬁcies to decrease as a function of the sum of the
reward values associated with the stimulus member of an item..,This
effect was slight, howeverg‘in conformity with & large amount of
experience indicating that when adult human subjects participa%e inr
experiments under instructions to lesrn, sufficient rehearsal occurs
so that differences attributable to this factor are very hard to
| demonétrate. ~When, however, the learning task is masked in some fashion

from the subjects, as in meny studies of operant conditioning of verbal

17



behgvior, of incidental learning, or of learning without awareness,
d¢ifferential rehearsal beccmes a major variable and must be taken into
agcpunt. |

| An Experimental Test of the Theory

The distinctive feature of the interpretation just outlined is
that a reward 1s éssumed to exerf nc direct effecf upcn associative
connections at fhe ﬁime of its occurrence, but to exert its effects upon
performance Qniﬁ upon later occasions after the rélationships between
stimull and reward have been learned. That is, rewards do not influénce
learning; but rather information concerning rewards must be acquired |
before rewards can infiuence performance. This concepfion accounts for
the.experimental fiﬁdings meﬁtioned in preceding sections of this paper,
but we should likerfo see.the central assumptions putrto a more.direct
test. An example of the type of experiment which seems to be called
for is the following, hitherto unpublished study conducted at Indiaﬁa
‘ Uhivers ity in 1961.

In all traditional trial and errqr-learning experiments, rewards
are'preséﬁted immediately following stimulus response.occurrences, and
thus ﬁhe opportunity for any sirengthening effect of the reward upon
the stimulus-response association and the opportunity for the learning
of relationships between the_stimulus-response combination and reward
are inextricably confounded. What I.wished to accamplish in this study
was to separate these two possible aspects by contriving a situation in
_which the subject could learn relationships betwgen stimulus-response

combinations and reward values without any possibility of a direct
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stréngtheﬁing effect of the latber upon the former. This end was
éccomplished by the following procedure.

The task was & modification of the verbal discrimination experi-
ment which has been used previously by Bower (1962), Estes (1966), and
others. During the training phasée subjects were given repeated cycles
through a set of pairs of sbimulus cards. Reward values were assigned
to the cards, and on each trisl the subject was to choose the card of
the pair which he thought carried the larger reward value. Up to this
point the procedure is the same as that of previous studies of two- -
choice, differential reward learning with the Noncorrection procedure
(Estes, 1966;‘Keller, Cole, Burke and Estes, 1965). However, in the
present experiment thé subject's task was complicated in that, in ordér
to receive ﬁhe reward, he had not only to choose the correct card of
a pair but also to guess correctly the precise reward value assighed
fo that card. In all cases the incorrect card of a:pair'had‘reWard”
.value 0. For séme pairs scme single reward value was zssigned to the
other card and did not change over the series of trials. For the items
of the fype just described, belonging tc what we shall term the Uniform
condition, whenever the subject made a choice of a card together with
" his guess at the reward value, he was then shown the assigned reward
value and, if he had both chosen and guessed correctly, was given that
reward.

For the set of items belonging to what we shall term the Random
condition, one cafd of a.pair carried O rewerd and the other either of
two values, for example 1 or 2 units. For these items, upon correct
choices the reward value displayed by the experimenter at the end of
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the trial wag chosen randomly fromgthe-two assigned vaiues; hence, when
the subject had learned the values assigned to the card he would on the
average guess the value correctly and thus recelve the reward on only
half the trials.

For a third set of items, belonging to what we shall term the
“Never-right™ condition, the assignment of rewards to the two cards of
a.pair was identical to that of a corresponding item in the Random con-
dition. .But the procedure differed in the following way. Whenever the
subject chose the correct card of a pair and guessed & reward value
belonging to the assigned set, for example, 1 I1f the pailr was 1 or 2,
the reward value displayed by the experimenter was always the one not
guessed by the subject. Thus on these items, the subject could learn-
the pair of reward values assigned to the correct card of a pair but
he could never actually receive any reward for his choicg. Since the
three types of items were mixed together and given in new random order
on each cycle during the training phase of the experiment, it was ex-
pected that the subjects would be able to learn the various stimulus-
.response-reward relationships but would not be able to perceive the
overall structure of the experiment and, in particular, would not be
aware that they never actually received rewards on some particular items.

After the subjects had learned the correct respcnses to all items,
in the sense of always choosing the correct member of each pair and al-
wajs guessing a reward value which belonged to the agsigned subset, test
trials were given in which the non-zero cards from the training peirs

were recambined in various ways. By means of these tests it was hoped
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‘thaﬁ-we could determine whether a subjéct‘s tendency to choose one card
over another in = new combination. would be determined by the rewards
actually received for choices of these cards during previous training,
or- simply by the reward values previcusly assigned to the cards, which
the subject had had opportunity to learn even though he might never
heve received the given rewards. The following is a more debailed
exposition of the methodology of the experiment.

Method

Subjects and msterials .

The subjects were 40 uﬁdergraduate shudents at Indiana University
who.received $2.00 each for participation in the expériment. The stimuli
were presented on 3 x 5-in. cards,-each of which contained a nonsense
syilable, that is a consonant-vowel-consonant combination printed in
capital letters, on the face and the assigned reward values on the back.
During the experiment the cards were kept in a rack behind a shield'and

-were presented in pairs by the experimenter, the subject seeing the
stimulus sides of the cards but never being shown the sides of the cards
containing the reward values. Behind the shield was also a bank of
electric counters. A set of 16 nonsense syllables was used as stimuli,
with a different random assignment of syllables to reward values for

each subgroup of 10 subjects.

. Stimulus—reward_conditions”

The 16 stimulus cards used for a given subgroup of subjects were
assigned to reward values and Lo conditions of informatlonal and re-

warding feedback according to the schedule shown in Table 2. For
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‘convenienqe, the stimuli here-and elsewhere are denocted by small letters.
In this notation, stimuli i-p were all assigned the reward value O and
served as the incorrect members of the elght training pairs. Four of
the stimuli, e-h, belonged to the Uniform condition and were assigned
the reﬁard values of 1, 2, 3, or 4 units. On the occurrence of Uniform
items, the associated reward value was always displayed by the experi-
menter at the end of the trial and was the amount received by the subject
as his reward. The items of the critical, "Never-right’” condition,
~denoted ¢ and ¢ in the table,were assigned the reward values 1, 2, or

:5? L respectively. When thg item c¢-k for example, cccurred, 1f the
~subject chose card ¢ and guessed any reward value other than 1 or 2, the
experimenter displayed 1 or 2 at random; if the subject chose card c

and guessed value 1, the experimenter displayed 2, and if the subject
guessed 2 the experimenter displayed 1, in either case the subjegt
‘receivigg no reward on the trisl. Conditions were analogous for ca:d_d
with reward velues 3 and 4. Cards a and b belonged to the Random condition,
for which one or the other of the assigned reward values wag displayed
whenever the given card was chosen, regardless of the subject's guess,
50 that on the average once the subject had learned the values assigned
to the stimulus he-received‘rewafd on half the trials.

Training procedure.

At -the begimning of the training series the subject was instructed
as to how trials would be run, that his task was to 'aftempt to choose
fhe correét card of each pair-and to guess the associated reward value,
and that he would'receive.the reward displilayed if he chose a correct
card aﬁd had guessed the correct reward value. His objective was to
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Table 2

Design of “Never-Right™ Experiment

Stimulus Valye Info%mgtional Reward on
Assigned Condition Correct
a 1,2 Random 1,2
B 3,4 Random 3,4
e 1,2 Never Right 0
a 3,4 Never Right 0
e 1 Uniform 1
f 2 Uniform 2
g 3 Uniform 3
h L Uniform L
i-p 0 Uniform 0






“attain as large a total of reward points as possible during the experiment.
' It'was explained that the reward he received on each correct trial would
be entered in his account by means of the electric counters and that

he would know when he received & reward because he could hear the
counter operate. On each trial when the subject did in fact choose
the correct card and guess the correct reward value, the counter was
0perated with a clearly audible buzz, though actually nc point totals
were reported to the subject. The trials were subject-paced, with
exposures of stimuli lasting until the subject responded, and with no
intervals between trials or cycles except the time required to change
cards. On any one trial the two cards of an item were presented, the
left-right order being determined randomly; the subject chose a.card '
and guessed a reward value; the experimenter displayed the reward value
called for by the procedure on that trial; if the subject was correct
in both his choice and his guess the counter was operated to indicate
that the subject received the reward displaeyed. Treining continued
until the subject went through en entire cycle of 16 items (each of
‘the 8 items appearing in each of the two left-right arrangements), with
correct choices and correct guesses of reward values on-all trials of

| ﬁhe eycle, the correct guess for a Random or a Never-right item being
defined as either of the reward values assigned to that stimulus.

Test procedure.

- After the trairning criterion had been met, it was explained that
the subjects would now be given a series of trials in which the cards

involved in the preceding series would be recombined in. various ways
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but without any other change except that the subject would no longer be

shown the reward values at the end of the trial. The counter was operated

on all test trials. The subject was given to understand that reward
contingencies would be the same as before but that the information was
being withheld for purposes of the test. The test series comprised two
cycles; during the first cycle all 8 of the correct stimuli of the
training series occurred in all possible palrs with one left-right
orientation and during the second cycle all of these pairs cccurred
with the cther lgft;right orientation. Thus there was a total of 80
observations for each testf

Results

Training data

To be credited with a correct response on any trisl during the
-training series, the subject had to choose the correct card of the pair
and to guess the correct reward_value, in the case of Uniform items, or
&8 value belonging to the assigned pailr for the Random or Never-rigbt
items. Mean errors to criterion, with errors scored according to this
: definition, were computed for each item type. It will be recalled that
according to the theory under test the speed of learning should not be
significantly related to the reward value, or mean reward value, assigned
to the correct alternative of an item.

Within the set of Uniform items, no systematic relationship
petween mean errors and reward value was observed, the meéns being
9.45, 7,40, 9.05, and 5.55, for items with correct reward values of 1,

2, 3, and 4 respectively. Similarly, errors were not related systematically
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 £0 mean'fewardIValue-within either the Random or the Never-right condi-
:tion; in the former instances mean errors were 5.62 and 6.70 for the'l,
2 and 3, 4 items - and in the latter 6.92 and 5.88 for the 1, 2 and 3, k4
items, respectively. No direct comparison can be made between the Uniform
items and the others since the likelihood of guessing the reward values
within the asgigned subselt would be different in the two cases. It is
of special interest to note, finally, that there was no appreclable
difference in rate of learning, as messured by errors to criterion,
betweén the Random and Never-right conditions, indicating that the
rate of léérning was a function primarily of the information given
regarding associations between stimuli and reward values rather than
by reward actually received for correct responses.
Test data

The principal results of the test series are summarized in Table
-3 in terms of the proportion of times that a card belonging to any given
coﬁdition Was'choéen over cards belonging to each of the-other conditions.
The values are présented in terms of the proportion of choices of the
row entfy over the column entry for each cell, with the marginal pro-
-portion of times that each type of card was chosen over all competitors
indicated in the column of mean proportions at the right.

Conéidering first the marginal proportions; for.the Uniform. items
the mafginals line up monotonically and almosﬁ linearly with reward
value. Further, the marginals for thé Random and Never-right conditibns
Tall between the corrésponding pairs ¢f the Uniform conditioﬁs,'(for

example the marginal mean for Random 1, 2 falling midway between the
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values for Uniform. 'l and Uniform 2) and in fact very close 4o the values
that would be predicted by interpolation if the 1, 2 items were assigned
values of 1.5 and the 3, 4 items values of 3.5. Comparing the Random 7
~and matched Never-right conditions, there is virtually no difference_fpr
the 3, 4 items and s small difference in favor of the Random condition
for the 1, 2 iteme (probsbly relieble in view of the quentity of data,
though no simple statistical test is available),

Considering the interior of the table, wi_thinr the Uniform condition
accuracy of the pair-wise cholces was extremely high, indicating that
the learning criterion was effective and that there was negligible
retention. loss between the training and test series. It will be noted
that virtually all of the few errors occurring within the Uniform
condition involved items with adjacent reward values.

Proportions; of choices of a given Random item over the qifferent
:-Uniform items yield steep and menotonic functions, with the 50% point
crossed in each instance between the two Uniform velues corresponding
to those of the given Random item and with a mean difference of about
70 percentage points across these two items. Choices of Random 3, k
~over Random 1, 2 are comparable to those for Uniform 3 over 1 or 4 over

2.

The Never-right items behaved precisely like the Random items
in all of these regpects, ylelding a similar function versus the
Uniform items, with crossovers at the.same places and - an average of
about 72 percentage points difference at the crossover. Similarly
choices of Never-right 3,4 over Never-right 1,2 (.99) are virtually

identical to those of Random 3,4 over Random. 1,2, Uniform 3 over Uniform
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Table 3

Choice Proportions on Tesgt Series of

"Never-Right" Experiment

Stimulus Condition a ke c a e f g av.
a R 1,2 L0200 .61 .05 .85 .19 0 0 .25
b R 3,k .98 1,00 LJA4h 1,00 .95 .79 .05 .7k
c NR 1,2 .39 ¢ 0L .76 O 0 0 .17
4 NR 3,4 .95 .56 .99 95 .2 .7k 01 .73
e U 1 .15 0 2k 05 .0l 0 07
f U 2 81 .05 .96 .08 .96 .01 bl
g U 3 1.00 .21 1.00 .26 1.00 1.00 .02 L6k
h U L 1.00 .95 1.00 .99 1.00 .99 .98 .98







1 and Uniform 4 over Uniform 2.

Finally, with regard to a direct comparison of Random versus
Never-right items with matched reward palrs, the mean preference was
only .52 for the former over the latter, the Random condition having

a small advantage at 1,2 and the Never-right condition at 3.k,

Conclusions

Tt seems clear, from the tests involving palrs of Uniform items
especially, that the reward values used were extremely effective in
producing significant and systematic effects upon performance. Thus
the detailed similarify in patterns of test results for the Random
and Never-right conditions and the small differences between the two,
wherever matched comparigons were'possiblé, would seem to be of some
import regarding one's interpretation of the manner of action of re-
warding aftereffects. For items in the Never-right condition, the
gubjects had opportuniﬁy to learn relationships betwéen stimuli and
séts of'reward values. Clearly this learning occurred and is sufficilent
to account for the performance on test combinations in#olving'stimuli
Trom Never-right items. On these items the subjects had never recelved
rewards for correct respbnses during training, and thus there was no
opportunity for direct strengthening of sssociative connections in

the manner agsumed in the traditional law of effect. Evidently the

-lack of such opportunity was no appreciable handicap to either learning

or test performance. While a strengbhening effect cennot be ruled out,

the absence of positive support for it in our data is rather striking.
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Interpretations of Standard Learning Experiments
Reviewing some of the well established findings of the standard
types of humen learning experiments may be useful, not so much for the :3

purpose of testing the present theory, which is hefter accomplished by

specially designed new experiments, but for elucidating the intended
meaning and mode of application of the concepts more adequately than
can be done in a brief summery stabtement of assumptions.

- Thorndikian experiments

The interpretation of Thorndike'ls lengthy series of trial-and-
error learning experiments involving varilous manipulations with rewards
and punishments is a particularly netural first exercise;since Thorndike,
in effect, began the task himself,rdiscussing a number of his fésﬁlts_

-in terms of what he called the “representational™ theory. This theory,
which Thorndike believed he was able to refute on the basis of his

data, conforms quite closely to the present formulation up to a point.
By a “representational" or "ideational” congeptbion, Thorndike referréd
to the possibility that an image or similar centrél representation of
~the rewarding or punishing event might become associated with the |
stimulus and response térms of an item occurring in an experimental
situation. Then, upon later trials, presentation of the stimulus ﬁould
~call up representations of the response and aftereffect previously |
_associated with it, thus putting the learner in the position to cﬁoose
the responge leading to the more desirable outcome. Of the three sources
of evidence that Thorndike thought to welgh against the representational

theory, two are largely matters of conjecture and even downh to the
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present can scarcely be evaluated except as a matter of opinion based
on intuition or common sense cbservation. The first of these was the
fact that questioning of his subjects did not evoke many verbal reports
to the effect that they experienced images of the outcomes of previous
trials during the course of his experiments., In view of the notorious
fallibility of an individuai's verbal accounts of his experiences, this
source of evideﬁce needs to be supplemented by experimentsl tests of
learners' ability to recall rewarding and punishing outcomes in order
to be taken at all seriously. This task Thorndike seems not to have
undertaken seriously.

| Resulis of a recent study conducted in my laboratory are of some
‘interest in this regard, however (Estes, 1966), Following a series of

lesrning trials in which rewsrds, calibrated in terms of point wvalues,

were glven for differentisl responses to a number of stimulus combinations,

and a subsequent series of transfer tests, subjects were presented with
the stimuli singly and asked to report the previocusly associated reward

values from memory. From the dabta of thils final test it was apparent,

firstly, that the subjects could recall the reward values with considerable

accuracy, but also that there was s gradient of uncertalnty, much like
the generalization gradilent assoclated with conditioned stimuli. Thus
it is clear that subjects can retain considersble information concerning
associations between stimuli and rewards withoul necessarily manifesting
the: veridical recall that might be expected if presenfation of stimuli on

the recall tests evoked images of previously experienced outcomes.
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Thorndike's second objection to representstlonal theory seems
scarcely open to experimental attack at all. He identified thé recall,
or reinstatement,rof an assoclative connection between previocusly ex-
perienced events with the cccurrence of an image, as the term is commonly
ﬁnderstoodD then argued that in everyday life situations, such as the
rerformance of skilled athletes, respcnses follow one another too rapidly
to be mediated by images.

The third point involves the empirical generalization established
by numerous of Thorndike's researches that an announcement of “right™
is a more effective modifier of response repetition than an announcement
of "wrong,” toggther-with the argument that according to a représentational
theory there should be no difference since announcements of “right” and
“wrong® should be egually likely to be recalied on later occasions. The
" empirical facts on this matter seem beyond sericus guestion but the
inference drawr from them is not. The weakness in the latter has been
élearly exposed by Buchwald (1967), who has analyzed the use of “right,”
“wrong," and nothing (i.e., neither "right” nor “wrong') as reinforcefs
following verbal responses in terms very close tc those of the theory
.presented in this paper. If a learnser's performance on a given trial
in this type of experiment is determined by information cbncerning
.stimulus-re5ponse-oﬁtcome relationships of previous trials involving
‘the same item, then it can réadily Be seen that two of {these factors
-work together to produce repetitiong on Right items but tend to cancel
each other on Wrong items,

When a subject makes a given response Lo a stimulus and this

event is followed by “'right,” he has opportunities on that trisl to
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learn the correck stimulus-response relationship and also the relation
between these and the outcome, both of which contribute to the repetition
of'thé regponge upon later occurrences of the stimulus. On-a trial when
the subject makes a given response and it 1ls followed by “wrong,” he

has opportunity fo learn the stimuwlus-response relation, which cther
things eQual increases the likelihood of making that response to the
sﬁimulus3 and the relation of these to the outcome “wrong,” which would
lead him to aveld repetition. In the former case neither of the learned
relafionships would oppose repetitlon of the response that had been
followed by “right;" whereas in the latter case recall of the response
'without'the outcome would tend to lesd t6 increased repetition and

only simultaneous recall of the @revious response and cutcome would

lead to an avoidance of repetition. This analysis appears to meet
Thorndike's most substantisl okjection to the representational theory,
and we shali seein a later section that the analysis receives independent
“support from experiments invelving novel manipulations of 'stimulus-response-
outcome relationships.

An experimental relation which emerged as a major variable in

Thorndikian experiments, and which kept Thorndike himself and later
‘law of effect theorists continually skating on the edge of self-
contradiction,'is that of "belongingness.” As uSéd'by Thorndike (1931,
l955) this term referred to two different empirical phenomena. The
first was that if during the learning of a task, such as a list of
paired-associate items, the learner was suddenly given a monehary reward

with some such comment as, "This is a bonus for faithful work,™ but -
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-with no indication that the reward wag related to the response of the
- preceding trial, the reward would have little or no effect upon the
Probability that the preceding response would be repeated upon the next
occurrence .of that ltem.
The other menifestation of belongingness has nothing special to
‘do with reward or-punishment but rather concerns the conditions ﬁsed
to fest for learning following presentation of a given get of material.
Suppose, for example, that a subject ié presented with a series of pairs
of letters znd digits, then at the end is tested for recall, He will
be much more likely to be able to give the correct digit wﬁen presented
with a letter from the preceding list than he will bte 4o give the letter
belonging to the pair which occurred at position N if presented with
the digit member of the pair that occurred at the position N-1.
Thorndike proposed to account for these findings in terms of a
.principle of belongingnesg, according to which rewarding'aftereffects
are more influentisl in strengthening preceding stimulus response
asdociations if both the stimuli and responses, and responses an@ rewards
"are related in a way that is meaningful to the subject. His principle
- seems most foreign in spirit to a theory which depends heavily for ibs
support upon the confenticn that rewards exert thelr effects automatically
upon preceding stimulus-response associations independently of the
learner's awareness of the contingencies involved. Within the present
theory, both agpects of the phenomena subsumed under belongingness
are special_gases of the general principle that later recall of a
gtimulus-response relationghip is facilitated by any cgnditions leading
the learner to perceive the constituent stimulus-response~outcome

52




relationships contiguously and to rehearse these during the interval
“between training and testing.

Another principal source of support for the classical interpreta-
tion of Thorndikian experiments was the phenomenon of “spread of effects”
thet is, the observetion that occurrence of a reward following a
particuler response pair in a series of ltems frequently led to incressed
probability of repetition of the responses belonging to neighboring items
in the series. The theorstical notion was that the strengthening effect
of the reward spread from the rewarded connection to ofhers. that were

“getive contiguously in time whether before or after the ccecurrence of
the reward. However, since the concept of spread of effect was an

independent assumption developed expressly to account for the phenomencn

~.dn question, it scarcely seems logical That the occurrence of the

phenomenon can be taken as independent evidence for the lew of effect.
The somewhat tortuous literature concerning the spread of effect
(see, e.g., reviews by Postman and Sassenrath, 1958; Postman, 1962)
leaves one with the net impression that after wvarious artifacts in the
earlier studies have been eliminated there remains a genuine effect,
'though not as large or @ervasive & one as assumed by Thorndike. Within
the present formulation the observed phencmenon of “spread” hag nothing
fo do with the action of aftereffects, but rather is to be interpreted
as a manifestation of stimulus generalization. When the reward occurs
at & given point in a list of items, there is opportunity for the
-learning of relationships hetween the stimulus member of the item and
the rewsard and also between conbextual cueg associzted with the given
-position in the list and the reward. The result of this learning will
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generalizé to temporally contiguous items which share contextual cues. .
with the rewarded one. According to the present theory, learning of the
neighboring items will be unaffected, but performance will be modified

| on a subsequent trial when the common contextual cues have increased
-probabilities of evcking anticipation of reward.

- Operent conditioning of verbal behavior

‘The extensive literature concerning modifications of verbal
behavior by techniques analogous to those of operant conditioning has
gone through two principal phases. In the first, it was initially
demonstrated by Greenspoon (1955) that rate of occurrence of verbal
regponges could be modified if, during the flow of spontaneous speech,
words having certain common properties were followed by events which
might be expected to have rewarding properties, for example the ulterance
of "good" by an experimenter., Following this demonstration a large
nimber of studies sought to show that procedural manipulations, for
example use of fixed ratio or fixed interval reinforcement schedules,
discrimingtive relationships between stimuli and reinforcements, and
the like, would produce effects on human verbal behavior similar to
those aiready well documented with respect to the control of bar pressing
behavior in rats and key pecking in pigeons by scheduling of food rewards,
A measure of succegs attended thege efforts, and reviews of the literature
by Krasner {1958), and Salzinger (1959) provided some basis for the
conclusion that the processes involved might be basically similar in
the human and animal ¢cases.

The assumption that the reinforcements in these experiments

exerted their effects via a direct strengthening ol response tendencies,
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as éséﬁméa‘iﬁ:Skinﬁef’5(1938)priﬂéiplés of_opérant éonditioniﬁé,'andiin
Thorndike's law of efféct 5 depeﬁded primarily upon the observed similar-
ities in édme phenomensa between human end animal experiments, and, perhaps
more impdrtanti&, upon the fact that in scme earlier studies guestioning
of subjects failed to yield evidehce-that they were aware of the response-
reinforcement contingenéiES. Ag in the Thorndikian situation, however,
later studies (e.g., Spielberger,et al,, 1966)approached the'questioﬂ
' of‘ awareness with more exacting methods and yielded rather clear evidence
of strong correlations between indications of awareness of reinfdrcement
relationships and effects of these reinforcements upon response tendencies.
Within'the'présenﬁ'théory, the operant conditioning'experiments
are to be intérpréted in much the same way as the Thorndikien variety.
Rewafdiﬂg ﬁfferéffééts should be expected to produce changes in rate
of occﬁrfénée of férbal'ﬁtterances in a free responding situation only
to the extent that asscciations between the verbal uttersnces snd the -
réwardiﬁg cénseqﬁences are learned by the subjects. Although awareness
of the-édnstituent relationships on the part of the subjects would not
. be:a necegsary condition for this learning, it would be expected to be
é correlated varisble since the conditions whick give rise to awareness
are ih'géﬁeral the same as those which tend to leed subjects to attend
to stimulus-outcome relationships and thus to be in a position to learn
tﬂém.' In the frée'respoﬁding situation, even though the rewarding event
may:fbllow a'éertain verbal response closely in time; gince the activity
éontiﬁues &ithoht interruption, conditions are not favorable for the
subject to perceive the responée»reinforcement relation and even less

favorable for rehearsal of this association. Thus, it is not surprising
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that studies using the free responding procedure have generally found
the effects of rewards to be slight and unreliable. |

By contrast, in & procedure introduced by Teffel (1955) the
experiment is divided into discrete trials with a stimulus presented at
the beginning of each trial; the subject chooses a response from a
specified set of‘alternatives,_and the rewarding event follows the
response which is scheduled for reinforcement. Changes in relative
- frequency of responding as a function of reward are much larger and more
reproduciblie than in the free regponding situstion. The change in
conditions from the less to the more effective procedure, it will be
noted, invelves little if any change in the temporal relation of resﬁonse
to reward, but mejor changes in the likelihood that the subjects will
perceive the constituents of the stimulus-reward relaticrship and in
the opportunity for rehearsal.of this assoclation between trigls; |

Magnitude of reward.

Within the present theory rewards enter into learning simply as
assoclative elements, or, in other terms, as iﬁems_of information.
-After such learning has occurred, associatilons between stimuli, resgponses
and rewards are an important determiner of performance, &s Qiscussed in
- previous sections of this paper. It should be noted, however, that we
have been concerned in this discussion only with specific effects of
- reward. Although it is scarcely feasible at this stage to incorporate
..them into a formal theory, there are well known nonspecific effects of
rewards which must be takep into account in designing and interpreting

experiments concerned with this variable.
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' Tn particular, when comparisons are made between different
subjects or'groups of subjects who learn under different reward conditions,
one must recognize the possibility that rewards, like any other motiva-
tional condition, may influence subjects' tendencies %o attend to meterial
presented and to rehearse stimulus response relationships. Thug, when
Thorndike (1935) gave his subjects periodic sums of morney which weére not
associated with particular stimulus response associations, there was no
- differential strengthening of the responses which had happened to precede
these unexpected revards, but in some instances there was a modification
of behavior over the experiment as a whole in comparison to other experi-
ments waich did not involve monetary rewards. A better controlled
comﬁarison was provided in & study by Thorndike and Forlano (cited in
'Thorndike,'l955) in which different groups of subjects learned sets of
trial and error items with, for one group, monetary reward being associated
with correct responses versus none for incorrect responses. Somé'increase
‘in rate of learning was cbserved for the group reéeiving monetary rewards.
HoWevér, when similar comparisons were made between different items for
."the'same'subjectg the outcome was guite different. In a study by Rock
'(cited in Thorndike, 1935}, subjects exhivited no differences iﬁ learning
" rates among items of a set of trial-and-error problems when the amount
of monetary reward for correct responses, in each casge paired with -
' zero reward for incorrect responses, varied over items for each subject.

This negative result led Thorndike to the postulation ofﬁg

threshold of what he termed the confirming reaction of a reward.
)

‘According to this notion any reward sufficient to exceed the threshold
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would preduce a facilitating effect upon learning but further variations
in reward value above the threshold would have no differential effects.
. Although this ad hoc notion could accommodate the results of Rock's
Cetudy, it would be quite out of line with data of studies such as that
of Keller, et al. (1965). . In the latter, the rates of approach of
- learning curves to their asymptotes were found to depend:strongly upon
reward magnitude when different items in & set had different combinations
.of reward for the correct and incorrect responses (thisiresult,‘as.noted
. above, holding only under & noncorrection procedure).

Taking the various types of experiments all into account, one
is led to the view, not that each involves some thresheld, but rather
that effects of reward magnitude are qualitatively different for

different ccmbinations of dependent variables and experimental arrange-

-, ments. As predicted by the present theory, variations in reward magnitude,

. .entailing variation in facilitative feedback, gquite uniformly generate

. corresponding variation in response speeds, or reaction times. However
this appears to be strictly an effect on performance, for, as seen in

the data of Keller, et al. cited above, the relationship is as pronounced
at asyﬁptote as at earlier stages of learning. In contrast, variations
in reward magnitude affect relative frequency of correct .responding only
under conditions such that different amounts of reward convey_different
amounts of information regarding correctness of regponse. The accumulating
support for this last generalization is by no means limited to my own
-series of studies. One recent example arising in a quite different
context is a study of verbal conditioning by Farley and Hokanson (1966).

Rewards warying in monetary wvalue from zero to one cent were-assigned
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orthogonallw byrinstructions, different information values relative ko
correctness of fesﬁonse, Steepness and terminal levels of acquisition
.curves were directly related to the latter variable but independent of
the former.

‘Delay of reward

The intervel between the occurrence of a response and the following
reward has been one of the most conspicuous ekperimenﬁal variables in
the study of reinforcement. In view of the very extensive literature
upon this verisble in animel Jearning and conditioning, it was only
natural that attention should turn at an early stage to attempts to
repréduce soﬁe‘of the dlassical'énimal findings with human subjects.
Further, since the classical law of effect is defined in terms of
'proximity of-response and reward, one of the principal conseQuences of
that conception is a gradation in learning rate as a function of delay
of reward.

Within the present theorysthe interwval bétween the response per
: ée-and subsequent rewards is immaterialy although delay of reward may
zunder some circumstances exert effects on rate of learning by modifying
the opportunity for learning of associations between the reward and
either the stimulus which evoked a given response or stimulus characteristics
of the response iteslf. In experiments conducted according to the
classical “simultanecus” paradigm, thst is, with two or more stimuii
. presented on a trial and the subject required td select one of these,
the interval between response and reward msy modify léarning rate
-indirectlﬁ-if activities occurring during the delay interval lead o
the learning of interfering sgsociations. In. experiments conducted

39




according to,thel"sugcessive" paradigm in which, fpp example, response
1 is correct for stimulus A and response 2 for stimulus B, ﬁith only

one  stimulus or the other occurring on-any one trial., it is the stimulus
compound including elements of the presented stimulus,& or B, and the
correct response to it which must enter into a learned association with
the rewarding event. Thus, in these experiments, and also in experiments
on motor skill and the like where the tasgk is primarily one of response
selection to a constant stimulus, the degree of discriminaﬁility between
the stimulus aspects of the alternative regponses will ke an important
“variable.

To the extent that the subject can hold reﬁ?esentations of the
relevant stimull and responses in immediate memory during the interval
of delay, the length of delay interval before occurrence of the reward
should be immaterial. Thus we are prepared for the ineffectiveness of
delay generelly found for simple motor learning tasks with adult humen
subjects  {(Bilodeau and Bilcdeau, 1958)., More importantly, the present
interpretation fits well with the finding of Saltzman (1951) that, with
the same  stimuli, responses, and intervals, delay of reward had no effect
‘under conditions which made it easy for subjects' immediate memory to

. span the delay interval but produced a significant decremental effect
when the load on immediate memory was increased. |

In the recent very extensive and carefully controlled study of
paired-associate learning in adults by Kintsch and McCoy (196k),
conditions were arranged sc as to permit delays of 0, 4, or & sec,
while insuring adequate opportunity for the subject to associate the
stimuluS'and response members. On egch trial the subject was presented
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wi%h'a nonsense syliable stimuiué, made & choice of a right or left
response key, and then afterran interval observed a reinforcing light
above the correct key. In Experiment 1, the stimulus was repeated at
the time of the feedback light; in Experimenﬁ 2 the gtimulus was not
repeated.but'was originally presented for a sufficiently long intervel
to provide the subjects adequate opportunity to encode the stimulus in
.immediate memory and maintain it over the delay interval. In both
cases errors to criterion of learning decreased slightly as a function
of the delay of reinforcement.

In studies conducted with children, delay of reward has usually
been a more effective variable, though with the conditions of substantial
effects generally pointing to the importance of stimulus rather than
. response-reward relaﬁionshipso For example, in a study by Brackbili,
et al. (1962) children were shown a picture at the beginning of each
trial, made a choice of key pressing responses, then were presented
with a 1ight over the correct ksy after a delay interval. However, no
measures were taken o insure that the children cbserved the picture
at the end of the delay interval when the reinforcing light appeared,.
which may well account for faéter learning with shorter delays. Even
50, rétention of the learned relationships was poorer after shorter
delays, which is scarcely in line with any theory requiring.gfeater
strengthening of associations with shorter delay of reward.':Ahd again,
in & sﬁudy by Hockman (1961), children were presented with a. stimulus
light on each trial and had to select the response button to turn off

the light, then receive information as to correctness or incorrectness
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after a 0, 10-sec., or 30-sec., delay interval. When‘there were only
two alternative stimull, orange versus green lights, co:respgnding to
the two response alternatives, there was essentlally no effect of delay
upon rate of learning. When the number of stimuli_was increasged to 3,
a red or‘an;orange-light corresponding to one response and a green to
the other, but with no change in the response alternatives,“learning
was somewhat retarded by the 10- and 30-sec. delays.: AS im@liea_by-the
present theory, the effects of the same delays upon the same resgponses
differed in accordence with the discriminability of the stimuli, and_
therefore with the difficulty of meintaining distinctive representations
_Qf_the stimuli in memory over the delay intervals.

Perhaps of more diagnostic value with respect to alternative:
Pormulations than any of the standard experiments is a recent‘studyl
by Buchwald (1967), designed especially to demonstrate clearly thed
deley of rewerd or of punishment produces effects simpl& according as
the delgy entails changes in correslated veriables which modify the
probability of associative learning. In particular, Buchwald deduced
from his analysis- of the Thorndikian situstion, in which the.rewarding
or punishing events are indications of right or wrong following the
subject's response, that it should be possible to contrive a situation_
in which delay of reinforcement would actually faciliiate learning. |

College student subjects were given ﬁwo trialé on each of seve?al
lists of common English words with instructions to attempt to learn the
responges which went with them. The subject was required to choose a

diglt as his response each time the stimulus was presented. Under an
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Immediate condition, the experimenter sald "right” immediately after the
subject's response on a Right item and “wrong” immedistely after the
subject's response on a Wrong item; then on trisl 2 the subject attempbed
to give the correct resPGnse immediately upon presentation of the stimulus
member of each of these items. Under the Delay condition, the experimenter
said nothing following the subject's réSponse'on trial 1 but said “"right”
immediately after presenting the stimulus for a Right item on trial 2;
and said “wrong” immediately after‘presenting the gtimulug for-a Wrong
item on trial 2.

From the standpoint of law of effect theory, the relevant variasble
-is delay of reward and puﬁishment, with the Immediate condition being
- favorable for learning aznd the Delay condlition involving a very large
delay of reward or punishment by ordinary standards snd thus being
presumably exceedingly unfavorable. According to the present theory;
which in application to this situation corresponds in essentials o
Buchwald's inberpretation, the subject's jerformance on trial 2 is a
functicon of his ability to recall relationships between the stimulus .
member of the item ard the response which he made to it on trisl 1 and
between the stimulus member and the rewarding or punishing outcome, if
any, given by the experimenter. In the Immediate condition, the subject’s
regsponsge and the experimenter's indication of right or wrong occur
immediately following the stimulus on trial 1 and the gubject will be
in a position to repeat the response if it is correct and suppress it
if it is wrong on trial 2 if he rememberg hoth of the consgtituent

relationships. Under the Delay conditionj the subject again must recall
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~his previous response to a given stimulus when it occurs on trial.g %n
order to behave appropriately, but the experimenter’s indication of
right or wrong is supplied at The beginning of trial 2, thus eliminafing
any necessity for the subject to have learned and recalled this constituent

~relationship. The principal results wers that repetition of & trial 1

-.response was increased slightly for the delay over the immediate right
condition and was reduced substantially more by the delayed wrong than
by the immediate wrong condition. Further, in a fellow-up study with |
some modifications in procedure, both results were replicated, but with
a substantially greater advantage for delayed right over immediate right
in the second experiment (Buchwald, personal communication 1967).

Summaxry
A review of the literabture on reward in human learning reveals
major inadequacies in the law of effect interpretation which become
accentuatgd as experimental designes depart from classical paradigms.

. Although it is indeed the case that in many.everyday life_situations,_

~and in meny standard experiments, subjects come with experience to
select responses which iead to reward over those which do not, the
conclusion does not follow that there is a direct and fundamental
connection between the occurrence of the reward and the establishment
of a learned associztion between previcug stimull and responses. . New
types of experiments contrived to bear especially upon this issue
indicate, in fact, that the associative learning process is independent
of'rewarding or punishing aftereffects. Further, the increasingly complex

pattern of empirical relationships involving such major variables as

d elay and magnitude of reward are not satisfactorily interopreted by
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any extant theory cast in the law of effect framework.

* The alternetive thecretical framework outlined in the present

" paper embodies the following principal assumptions.

1. Asscciative learning is a function sclely of conditioning by
contiguity. When any two behavioral events (whether they are termed
stimuli or responses is immaterial) occur in succession there iz some

‘probability that an association between the two members will form-on. an
.all-or-none basis, The result of formation of an associative linkage.
is that on a later occcasion the occurrence of the first event calls into
‘memory a representation of the second.

2. Recogniﬁion.performance.depends golely upon this learning .
by contiguity.

3. If the second member of an association is a response-which:
has occurred on the previous occasion, the overt occurrence of this

response upon a later test reguires not only activation of the association

o bub alse facilitative feedback, which arises as a functicn of anticipation

oo of reward.

4, Modification of learned performance by rewards involves two
stages. Firstly, an assgcocilation must be established between the stimulus
-member of & stimulus-response event and the subsequent reward. Secondly,
upon the subsequent occurrence of the stimulus member, the representation
of the reward must be brought into memory by activation of the learned
associlation., This anticipation of reward generates facilitatory feed-
back.  If at the same time the previous response is recalled, the effect

of the feedback ls to cause the recalled response to.be made overtly.
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5. The immediate effect of facilitatory feedback following pre-
sentation of a stimulus is to increase the probabiliiy that the associated
response will e made overtly during any given interval of {time, and thus

~on.the average 1o reduce the reaction time.

6. In a choice situation, in which the subject must select the
stimulus to which tc respond from a seb of twe or more, the subject is
gesumed to scan the svailable stimuli and, in general, to respond overtly
to the one with which the highest reward has been associated during
previous learning experiences. Thus, in selective learning situations,
the function of rewards may be characterized as one of stimulus amplifi-
cation. Different stimuli become assocliated with different rewards and
the consequence is that the stimuli then carry differential weights in
the determination of response, either in the same or in new situations.

This theoretical schema has received relatively direct support
from an experiment designed to permlt the learning of stimulus-reward

. agsociations in the sbsence of any opportunity for the direct strengthening
of stimulus~-response asgsociations by the rewards. Further, the considera-
tion of several major areas of research on human learning indicatesthat
effects of major variables such as delay and magnitude of reward, as.

“well as information value (relative to correct versus incorrect responding),
can be organized and interpreted within this framework. This is not to

gpay, however, that the theory is complefe and satisfactory in all respects.
In fact, it is definitely limited as presently formulated in that the

" task remains to develop an- adequate conceptuailirzation of motivational

corditions inhuman learning and their relationships te rewards and

punishments.
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