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This paper briefly reviews how subjects enhance
performance by favoring some stimuli over others. The author calls
the mechanism by vwhich- this is achieved "expectancy" a generic ternm
including preparatory set, behavioral hypotheses, oriknting reflex,

. and anticipatory goal responses. Temporal and event expectancy are

K contrasted. Verbal prediction before presentation of the stimulus,is

a method conmonly used to understand expectancy state. Theoretical

concensus in .regard to 1nterpretlng the verbal prediction effect are

presented.- Also discussed is whether the subject anticipates seeing a’

particular stimulus or executing a particular response. fhe primary

assumption enphas;zed is that, expectancy‘ls a menory phenomenon.
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. : In compliance with the request of the, program committee, I shhll attempt

- to briefly review our approach to the problem of expectancy in rapid decision—

making., Instead of presenting-new data, I wish to emphasize basic issues,

N

conclusions, interesting questions, and continuing problems.

v By way of introduction, it may be noted that every theorist attempting

-

.to deal with basic cognitive processes has felt the need to incorporate some

- P %\

" mechanism to operate selectively upon input stimulation. It has been the . \\
explanation of last resort. The ability of subjects to enhan performance

‘by. favoring some stimuli over others has been demonstrated in'a variety of v
. +*
- . - ' / .
. experimental settings. Mhny theoretical labels.have beéen applied t0*this
. . (
Y performance enhancement, including preparatory set, behavioral hypotheses,

»

, and anticipatory goal responses. I subsume all of these

. under the gener ' "of expectancy. An interesting theoretical question o

J P
ié:;gither a single exgectancy concept is sufficient to a@count for. all *C

experimental resulEs..‘ B ©o- ) o .,
+ Y. ‘ i , "-'."4‘ v
In discussihg the role of7expectancy in choioe reaﬁtiOn time experiments;h\
N

@one‘very basic distinction must be introduced immediately.‘ Two‘types of

¢ . 3

- expectancy- notions are used in the choice reaction time literature—-temporal

expectancy and event expectancy. Tedboral expectancy refers to knowledge of
Ve
when an event will occur 4n the temporal stream. I shall not be greatly con- *

£
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N RV
cerned with the role of. temporal expectancy and will cgacentrate ‘instead on
V.

. - event expectancy. " Event expectancy refers to'knowledge of which of two or "‘

.
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_more stimuli will be presented. An interesting and as yet largely ur plored

question is the relationship between temporal and event _expectancy in® infor-

-

P .- 'mation processing. :

-

Several methods have been used to study event expectancy. The most
N . . £

- familiar is to manipulate stimulus or response probability.. The subject 8

ability to probability match his responses to the probability of a stimulus s

1

is a primitive demonstration of the role of'expectancy,in decision-making.
A more.refined technique is'to present a cue.partially correlated with the

to-be—presented stimulus. Subjects will use predictive.information——even very
subtle Cues--to improve their performancé. A third method--and the one pre-

[ . ' - 7 : . L '
ferred in‘ourjresearch——requires'subjects to predict which of the possible

stimuli they- expect to'see or hear on the ﬁ%xt trial. This Verbal prediction
phradigm requires subjects to make a verbal prediction of either the stimulus

to be presented or of the response to be executed bgfore the stimulus is

. ‘actually presented. Therefore, the subject 8 professed expectancy state is

- observed directly. . - .
. , L . 3 “
' * . Knowledge of the subjeét’s predictions and the acfual stimulus presented
i? | allows the experimenter to categorize'each reactionrtime.as based. on either a

:‘.correct Prediction or an incorrect prediction. Conditionalizing on correctness

of predictions has’a;powerful effect on reaction time as demonstrated in the

first slige. The verbal prediction effect occurs: in virtually every subject

+
W
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.;l , and differences betyeen correct an’incorrect'predictions range in magnitude

«- : up- to more than\200 msec. If one argues that on every trial, the subject is

* prepared for at~Jeast one stimulus, then -the observed reactign-times are.a
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mixture of correct and incorrect anticipations. If one further argues that

L]

when the prqpability of a stimulus varies, subjects will attempt to match

their predictions to the probability of occurrence, the probability effect
. ) N . 7, !
) in choice reaction time can be attributed to a weighted average of correctly

and incorrectly anticipafed stimuli;:‘ln Figure 1, wperé the more frequent
o stimulus occurs twice as often as the #ﬁhﬁ~frequenﬁ stimﬁius, and is also
_ N . ' . \
pré&dicted twice as often, an unweighted average of the points at each fre-
guéncy level would yield‘littlé.or no frequency ‘effect, while the'wéighted
average of the‘prediétions.shows the typical increase in-reaction time with
a decrease ip freqhency; as does the control curve“wifh no pfedictions: A

later- experiment, published with John Craft, demonstrated that the weighted’
Lyerage of co;rectly'and incorrectly anticipateq stiﬁu%ivmakes a large con-
~{bution t9'the variance of ‘the frequéAc& effect_in choice,reac;ion timé,
a.rhcugh there 1is a“reaidual frequéﬁcy effect.as well when the p;obability'
? L of correct anticipafions'is removed. This mixture interpretation has
difficulties wheﬁ-one attemﬁté‘fb mg;e beyond predictions of means to

distfibutiohal-charécteristics of reaction times. Neverthéless, as a

s first approximatidn,.the mixturg‘interpretation demonstrates the large
L " contribution!oﬁ subjective anticipations in choice reaction time.and to
- the probability effect in CRT. o - - *

W

To turn to another question that occupied a great dea} of our attention

[N

.—-' k;in the early ngseargh and cgrsinugs‘to be‘of interest: Does the subject
anficipate.seéing a particulér-stimulus or' does he.ahticipate executihg a

. pa;ticular résgonse? The relative cont;ibufioﬁ of sfiﬁulus and responses )

f f - factors in chqigé réaqﬁion ti@e hés been a long standing ;roblemuin cﬁbiqe'

S - - ,
/ reaction time. Our attack on the question of stimulus or response anticipation
4 . : s RN

5 in the verbal prediction situation used a three-stimulus, two-response paradigm

v -
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A in'which two of the stiyuli were paired with one response and theée third

stimuli with a second response. As shown on the next slide, one can use

stimulus and response interpretationsnto generdte very strong predictions, ,
. about the pattern of outcomes.. Fully expecting to find that both stimulus
and response factors would make a contribution, we were'surprised that only

stimulus factors played a role, as demonstrated in the next slide. 1In this

data, the probability of “éach stimulus is held equal. Later experiments

l |

manipulated the relative frequency of the various stimuli, distorting the

’

shape of the three functions but without altering the conclusion that stimulus
factors,p{edominate in thé verbal prediction effect.

. A;récent study with Mike Suelzer extepded the\Verbal prediction result$§

-

to a situation in ‘which subjects were requested to prédict which: response

they would‘make when one of the stimuli was paired with a free-choice ‘ .

'response,\that is, either response could be made to that particular stimulus.

Generally, the pattern of results was very consistent with a stimulus antici-
ner g3 .

. - ¢

" pation interpretation of the prediction'diiect: One of the most compellingu
e aspects of the data was a condition in which a free-choice stimulus was
presented after.a prediction of one of the two, response alternatives.. Not
surprisingly, subjects tended to follow\theif\response'prediction in executing
the response tq the free—choice stimulus, that is, 1if they preaicted>Response -1

wherd the free-choice stimulus occurred they were more‘likely‘to make Response 1

5
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than Response 2. However, their 1a;encles did not' differ as a function of

which response was executed. In other words, the respo‘?e prediction affected

b

the choice of responses but did not affect the latency. Latencies were
reduced onl& in the case where the subjects could correctly anticipate which
- stimulus was to occur. That is:ﬁresponse_predicfions facilitated berﬁormance

only when it could be uniquely identified with a particular stimulus.

To turn to theoretical concerns, how are we to interpret the verbal

prediction effect? As working hypotheses, we have considered three

K}

classes of models: a switch-setting interpretation, a memory-scan
interpretation, and a recency or trace actiyation”ipterpretétibn:l The .

switch—setting view is‘the simplest--it thy presumes that some stage in

<

informa;ion‘processing is facilitﬁééd by advance information, like throwiﬁg-
. % ‘ v -
a switch before the stimulus is Qisplayed. The switcﬁ—settingﬂinterprétgtion

ki

18 consistent with mixture models but has the same, limitations’ Thus far;

the trace activatiom or recency.interpretations.havg-had the least amount

v

of theoretical effort., Borrowing from Posner's notions of trace activation,'
. N \ B :

one could argue that the verbal prediction activatés‘a-memory trace for the

to-be-presented stimulus. The state of activation or p%epqration decreases

with tiﬁe,,suggesting interesting interrelationships_between"temporal and

N
3

. event expectancies. Most of our theoretical effort has concentrated on

. © memory scahning models like those proposed by Steinberg, Theois, aif p;hers.
In:bur vi?w of a mémory scanning %ggel; fg;;ied tq the.vérbal prediction

éitugtiop,.the shbjectfis hypothesizéd‘to have a»wérkiﬁilmemory at least. as

large as the number. of stimulus alternatives in-the task. On any trial, )

the stimulus alternatives aré,arr#nged in memory in a particular order. The

most e§pécted stimulus is at the top of the memory stack, and the least

expected at the bqttoﬁ. A prediction is generated‘éy examining the top

. 6




-item or. items in the stack, and a‘'réaction time response is made by comparihﬁ

te

6

-‘the presented Btimhlus with items in the stack in' the order of their arrdnge-

ment. Betweenitriais,'the stack may be rearranged. Mike Hacker and I tested
these notions by extending verbal predietions to a situation in which the
N N ) y s B B

subjects werertequired to make two predictions frounfour possible alternatives.

4

N
Thn four stimuli were mapped onto two responses in a ‘pair-wise fashion. Before

each presentation, the subjects were required to make two predictions, a

most-likely and a second—most—likely stimulus. Two questions w?i: of central

empirical concern. . F{rst, would there be a reaction time enhancement for

-

the second of two predictions? Second, what 1s the decision latency as a .

]

function of the hypothetical memory- positior ss-determined by the subject's
verbal predictions? .The results are shown in the next slide, where reaction

.
- . 2 -
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V‘Eiievis a iinearly increasing function of éxpeeted memory stack position.

¢

Ehe‘osts ate consistent with a self—terminating memory scanning inter-
pretation, where memory Positions 1 and 2 are associated with the first— and
‘second-most-likely predictions and Posgition 3.5 refers to the means of the ‘
third- and fourth unpredicted position. The linear relationship oceurs for

individual subjects as well as the group data, as shown in the next two-

slides. : _ N - ) : ‘ o

R
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Allow me to finish thia brief resume by gfising a few'questions for

future research. I am convinced.thqt' the interpretation of expectancy has
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imﬁortant consequénces, not only for our understanding of rapid decision
making, but also'fof other gaaic cognitive processes, such as perception,
social agtribution, and 1eafn1ng. Consequently, one important avenue for
furthef resgarch is in determining tﬂg contribution of expectancy to

other chqice %eaction time and decisigon-making processes, such as !‘a

-

speed-accuracy trade-off, memory retrieval, information integration, and

-

pattern learning. Most importantly, we need to learn more about’ the -

expectancy mechanism per se by developing and testing models. One feature
of memory search ﬁodels deserving furthgr study is the dynamic a}rangemeng
of the Qemory sfack. Does the ;rder'of }tems in memory change within a
trial? Rearrangément would be equivalent to a qujeét "changing his mind"
"as he attempts to anticipate a spiﬁ@lug. We are now gathering evidence

-

‘ - N N “
that suggests that subjects do indeed change their .minds by reairanging

the order of items in mémory.; But thag's another story for anotﬂer time.
L;£ me conclude by.emphasizing pﬁr primary assumption in oﬁr researc£
on expeétancy; which igitha;'expectancy iq a meﬁory phenomenon. Subjects
‘. . . .
use past information to order the proceséing of anticipated stimuli and

to facilitate performance when anticipation s correct at the cost of ‘\

slower or less efficient processfng when anticipation is incorrect.
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