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s ‘ abstract
A.series of four experiments investigated college students' judgme;ts-of
interevent contingency. Subjects were asked to judge the effect of a discrete
response (tapping a wire) on &he-occurrence of a brief outcome (a radio's
buzzing). Pairings of the possible event-state c;mbinaiions (response-out-
come, responsé-no outcome, no response*ougcomé, no response—-no outcome) were
presented in a summary table iExpe;iments 2 and 4), in an unbroken time line

(Experiments 1, 2, and 4), or in a broken time line’'format (Experiment 3}.

Subjects judged the extent to which the response caused the outcome or pre-

vented 1t from occurving. Ahrosq all methods of infermation presentation,

judgments were a positive function of response-—outcome contingency and outcome
»

probability. In the unbroken time line condition, judgments of negative

response-outcome contingencies were “less extreme than judgments of equivalent
- * (- L]
positive contingencies. This asymmetyy was smaller in the broken time line

condition and in those conditions where subjects were eneouraged to segment an

- e
unbroken time line into discrete response-outcome units. -Finaii?, Judgnments
of‘positive and negative relationships were generally symmetrical in ;he
summary table condition. Relative to the two ;1me line portrayals, summary
table judgments were also less influenced by the overall probability of out-
come occurrence. These judgment differences among gormat conditioné suggest

a

that, depending on the method of information presentation, su' jects differently
partition event Sequences into discrete event pairings. The seguwenting of
continuous event streams 4ay be an important factor ln the accuracy of every-

day judgments of interevent contingency.

Children's Judgments about Covariation between Eventst
A Saries of Training Studies. Appendix E.
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, . Judging Response-~Outcome Relations
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\ ) And now remains,
That we find out the cause o! this effect, ’ .
< £

, Or rather say the cause of this defect,
N For this effact defective comes by cause.

. . ]
' ¥W. Shakespeare; Hamlet, 1I, ii

.

I

Students of behavior both before and after Shakespeare‘have been interested -

»
in causal perception. Most notewsrthy was D. Hume (1739) who proposed a setf
of conditions which were conducive to cauvse-~effect impressions. Hume's ~

insights into the paychology of‘causacion have helped fo shape the direction

.. . ™
of subsequent research and theory in the area.

Also important have been discussions of causal perception from compara~

tive and developmental perapéctives. C. L. Morgan (1893, 1894) concluded on

the basls of extremely limited evidence that human adults, but not children

and animals, can ﬁerceive the relationship bétween events. More systematic

data led Inhelder and Piagec\(l?SB) to propase.a.atage;ise unfolding of the -
human's conception of interevent correlation or copcingency as the individual
develops from child to adulg.

Subeequenc.1nvescigacions into the perception of interevent relations
have not yilelded evidence that 1s consistently fasorable to the developmental
and evolutionary speculations of Morgan and of Inhelder and Piagét. Nor.is
the evidence particularly supportive of modern theories, which posit a
virtual identity between humans' and animals' perceptions and the actual
interevent contingencies tha; prevail in their environments (e.g., Helder,
1958; Kelley, 1967; Mackintosh, 1974; Rescorla: 1978).

In the bdsic human judgment paradigm, subjects éle glven information
about the frequency of pairinys of alternative states (e.g., presence and(
absence) of two events (e.g., plant food and plant health); they can then be
asked to jude the direction und pagnitude of the relationship between the

events. In many of thése expuriments, adults do not accurately judge the

correlation between two binar:s variables (see Crocker, 1981 for g review).

e
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Despite these negarive results, other wark has been more-successful in
~Showing that aduité can accurately judge interevent relations under some

circumstances (e.g,, Allan & Jenkins, 1980; Alloy & Abramsqg, 1979; Seggle,

1975; Seggle & Endershy, lQﬁZQ Shaklee & Tdckeé, 198G). , Nevertheless, many

factors have been suggested over the past 20 years which may contribute to

distertions in Epe perception of correlation.
£ r .

-

Investigators have found that the accuracy of corredaticnal judgments

-

depends on the sign of the relafionship being judged. In pq;ticular; Erlick,

-

and Mills (1967) found that subjects judged negative correlations as closer to

-

zero than posgitive correlations of equal magnitudes. Also commen 1s the

~ -

result that subjects find contingericies of zero to be especlally difficult to
.identify. For example, Seggie (1975) reported that subjects were accurate in
. x e .

_ . _their judgments of contingent” relationships, but were erYoT=proné in judging

* ¢ B
noncontingent relationships (also see Allan, 1980; Allan & Jenkins, 1980).

Alloy and Abramson (1979) replicated tﬁis pattern of differential accuracy in
nondepressed subjects, but found that depressed adults judged noncontingent
problems closer to zero than did nondepressed subjects. . .

One must, however,’be cautious in interpreting the effects of relation-
ship direction; subjects may approach the stimuli in question with strong
expectations about che nature of the relatiopship that will hold, In Seggie's
1975 study, for example, subjects judéeqbwhether or not hospitalizing a victinm
of a troplcal disease would 1mprove“tﬁe cbances of reco;;ry. Erlick and
Mills' (1967) subjects judged the relationship between the quantity ofba
particular food a person ate and whether the person felt better or worse,
People who pelieve in the merits of medical science or hearty eating would be‘
likely to izpect each EL improve general well being. This expectation could

produce 3 bilas to report relationships as positive, resulting in errors in

judging negatively related and independent events.

5
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s N "Evidence of such an expectation effect was found in thef;ﬁsearch of

» * "
Chapman and, Chapman (1967 a & b), where subjects jydged there to be a pusitive

+
relationship between semantically-associated clinicul signs and symptoms in
- . 1 4

stimuli that actually presented the sign and symptom as independent, O even

‘ negatively related. Thgs illusory correlation effecc proved to he highly
_ A} i b

resistant cto a variecy of atcempés to reduce it, including exposing subjects
_to the stimuli several times and offering them a $20 reward for accuracy.
Similar expectancy effects may be a reason for some.pasc findings of différen-
tial accuf%cy as a funection of relationship diredcion. sAny attempt to examine
th? effect of relationship direction shpuld then be conducted in a context in

which prior expectations are winimal. )

¥ 2% b
L A second common finding in past research is that judgments of interevent

coérelations are biased by the relative frequencies of the event states of the
variables involved, For exqagle, Jenkins and Ward (1965) asked subjects how °
much control their responses (pushing Button 1 or 2) had over the frequency

with which a score.light appeared. Subjects' judgments of :ontrol were most

*
1

, strongly correlated with the number of times the score light occurred, regard-
-~-  less of whether that oﬁthomé‘ﬁa%‘ﬁbcdally"influenced by thei¥ choice of buttons.

Allan and Jeokins (1980) found that this bias was reduced, but not eliminated

LS

when subjects had a;single.button to press or not to press, compared to Jenkins
and Ward's two~butron condition {(also see Alloy Zﬁhﬁfamson, 1979). The findings

of these investigations indicate that the Probability of the outcome ig a

- 4
gecond possible confound to be coutrolled of manipulated in assessing contin-

o
4

gency judgment.

A final recurrent finding in past research is.that the accuracy of judging
f .

> r

interevent contingency depead. on how che event ‘requency information'is

presented. Two common formats present this information either as a series of

-
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individual event-State combinations (é.g., Al;gy & Abram;on, 1979; Shaklee &
Mimsy 1982; Ward & Jenkins, 1965) or as ; summary table (e.g,, Seggle, 1975;
Smeds und,-1963; Ward & Jenkins, 1965). Experiments which have compared the
two pr sentgtion formats have found accuracy to be higher when ;he frequency
information 1s summarized in talle formate

Of caﬁfgb. the serial and summary formats differ in a variety of w;ys.
Mos:‘obviqgslis the added menury demand 1nv0i;ed in the trial-by-trial presen-

tation of 1nformétion; thus, subjects who add a strong memory load to an

already complex judgment process may compromise accuracy to.simplify an over—

-
L}

whelming task. Shaklee and Mims (1982) relied upon such a memory account in
interpreting their judgment findings. Ward and Jenkins (1965), however,
argued thagi wﬁile important, memory load\cannot fully account for the judg-
ment ﬁifferencé"betwéén serfial and sumthary forwats. Rather, they proposed
that the serial preéenfation of stimulus information may lead subjects to
organize the 1nfofﬁation diffcrently from those who view the same’information
in a tabled format. In support of this poinc, Ward and Jenkins note that
aubjects in their experiments wpo were shown tabled information afcé}‘serial

presentation used less appropriate judgment strategles than those who saw only '

_ the tabled information. If information 1s organized differently under the two

conditions, then this may lead subjects to make different judgments of inter~

event relationships.’ Although this reasoning is plausible, past paradigms .

have confounded presdntation format with memory load; the contributions of

memory and organization effects in p;st rescarch cannot then be separated.
The issue 1is best addressed by coﬁpgriﬁg use of., serial and summary frequency
information in conditions alike in memoTy luad.

The present study thus compared serial and summary formats in ; setting

free wf memory demands, while alsu using a uroblem for which subjects should

i

-
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have little blas as 'to the nacure of the interevent relationh. The basic

situation inwolved- troubleshouting a malfunctioniné radio. While this sicu;

r
.

ation is far less dramacic than Felonius' efforts io decermine the reason for

Hamiet 's odd behavior, it is .nonetheless representééive of everyday 1n;tances
of causal reasoning.

* , Subjects were told that an individuval was trying to find the cause of an
1nterm1ctq&5 %uzz (B} by occasionallylfapping (T) on a wire 1noide the radio.
The results of tﬁo troubleshooting were then given to the subject, who was
asked o judge'cﬁo degree to which tapping affected the radio;s buzzing: from

L] .
"causes the sound to occur" to "has no effzct on thé sound" to 'prevents cthe

sound from oceurring.”" This context has the vircee of boing one in which
subjects should not have a strong expectation about the nacureﬁgﬁ the responses,

outcome relationship; tapping a wire should be as likely to complete as to

* -

. . . :
’iﬁbreak a loose connection., Similarly, if the wire is not loose, tapping 1§

should have no effect on the buzz. ) ,
~ i
Holding constant the probability of tapping, p(T), both the probabilicy

of a buzz given a tap, p(B/T), and Eﬁe probabilicy of a buzz given no rtap,

Rﬁﬁff), were systematically varied to yield 24 different tzoubleshooting

.
-

conditions. These conditioas in turn constituted nine tap-buzz ooncingencies,
- - | )
p{B/T) - p(B/T), ranging in .25-steps.from -1.00 to +1.00 (see Allan, }980 fox

further distussion of various measures Yf contingency or correlation)«

L]

An additional feature of the 24 troubleshooliing conditiogs was that they

ware contrived in such a wmy that they varied not only im thé tap-buzz contin-

- kY

gency, buct also in the overall probability per sampling incerval of the

buzzing sound, p(B). Eight different buzz probabilities were studied, ranging

in ,125-steps from .125 to 1.000. Because the tap-buzz contingency and the

relacive frequency of the radio's buzzing vs its not buzzing were 1ndependen£

9 8
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dimensions 1in the present expéfimental design, the contributions of these

variables to subjects' judgments of correlation could be individually assessed.
rd

F ’/ g
The method of information presgntation was sctudied with two basic techni-

ques. In one, sg?jécts vere given summary tables showing the numbers of times

that the four possible event sequences occurred in 24 sampling intervals:

tap-buzz, tap-no buzz, no tap~buzz, and no tap-no buzz. In the othe®h, the
-

same information Was given in a time line format, with the 24 sampling iptgr-
vals gréphically and linearly arrayed. Such an agrangement preserVeg the

‘ sequential character of the critical events, while minimizing the stroug
mémory demands 'that are ordinarily placed om subjects when thé&rare giveﬁ'
1nformatioﬁ in 2 trial-by~trial faghion. This method was originally suggested
by Ward and Jenkins (1965, p. 240Q); howevér, it hastnever been utilized 4in-
exper%mental tesearch. -

Since past ucék has pot entailed 2 time line presentation of event,
_freruencies, our series of 1nvestigat1§ns began by looking at subjects' 3udg~
ments using this format alone. EXperiment 1 explored tﬁe effects of tap-buzz
contingency and buzz probability om judgments of taﬁ-buzz cohﬁﬁiatien ig both
within-subjects and between-subjects paradigms. Experiment 2 difectly’com~
pared the effects of:the time line and summar; table methods of informacion

\

presentation. Becanse;the second experiment disclosed that judgments did

differ under the two conditions of information presentation, Experiments 3 and

Ay

. “
4 explored possible reasons for the judgment differences.

L

. Experiment 1

The first experiment investigated the.judgdent of response-outcome corre-
lation when responses and outcomes were shown Lo subjegts in 2 time line
format. In gpk wparteof the experiment, each subject received only 1 of 24

t
pessible tapabuzz conditions; in the bther part, each subject received alk 24
-

s o N 9
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b i
tap-buzz conditions. ?oth between~ and within-subjects conditions were included ri

rd

1n order to ldentify: possible influences of multiple judgments, since we ﬁoped
to use the more efficilent within-subjects procedire in.lates work. Subjects’ iZ{/ f
ratings of the response-outcome relationships allowed us to dgtermine‘?he et

degree to which the‘tép-buzz continggney, p(B/T) - RjBff),.and the overall
4, ’
probability of the buzzingjsound,‘B(B), influenced their behavier. To deter~ .
- . -

mine whether the éign of -the response-outco%gfkorre;?tiow affgcted subjects' 9%

judgments, equal numbers of positive and n?éat}ve contingencies vere studied.

Method, ' ' S /
- : . Subjects. The subjects were participants in an introductory psychology

class, who served in the experiment as ongfggkion for«fulfilling a course ) T,

requirement. A total of 552 students served in the between~subjects part of

o

the experiment and a total of 25 students served in the witnin-subjects part.
. * ]J

-

. Problems. A set of 24 problems was comstructed. These problems wexe
alike in that they a1 comprised 24 sappling intervals. Each Sampiing inter- %
val in turn had two components: a " .sponse' component during which 'a tap

might or might not occur, and an "outcome” component during which a buzz‘might‘
. 2 . ) : S
or might not occur. Each of the 48 resulting components of a problem was

denoted on the subject's problem sheet as a dash; the 45 consdcutive dashes s
thus‘constitutéa the time line for each problem. Taps in the response c:r.tm-.w

4
+ ponent of a sampling interval were demoted by an "A" above the dashed time
r l ~ ’

line, and buzzes In the outcome component of a sampling interval wexe denoted
' G§ a "B" below the dashed time line. , - . \{’

3 A
déﬁiFor all'24 problenms, lhere were 12 taps represented in the 24 possible '
response components. Thus, the probability of tapping per sampling interyal, -~

L'

p(T), was always 50, Proﬁlems varied in terms of the likelihood that a buzz .

was represented in the outcome components, p@®), and the likelihood of buzzes
fellowing taps, RﬁB/T), and no taps, E(B/T), in the response components.

\"1 1!3 . o
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% . ] For each of the 24 problems, Table 4 shows the numbers of sampling inter- '

. ) *
vals of each of four possible types: tap-buzz,dgapﬂno buzz, no tap-buzz, and

no tap-no buzz. Note that the number of sampling intervals with a tap is .
. . . - . & .
equal to f2, which is the same as the number of sampling intervals without a
tap. Note zlso that the rotal number of sampling intervals equals 24, 4nd

+

note finally that the aumber of samplin@'intervafs with a buzz varies: from 3

’

Y to 244

N : Insert Table 1 about here $-

L]

- - " - . /

For each problem, time lines were constructed from smabler groupings that
Y - . . ey, " .
contained eight sampling intervals. The sequence of event pairings was deter-

mined randomly within each eighi—sample group. While eight-sampling £roups

Is‘

,

-theoretically provide all the’ necessary information that is needed to_distin-

guish the 24 problems, we thought ic advantageous }f: triple the amount of
: . )
input given to the subjects In hopes that their judgmentk misht thereby be

4 oo .
improved. For example,«Problem 18 in Table 1 was represented as follows: .

’
A_A A A AAA A A AAA © P
BB, - B BBBEB B B B '

«Figure l ghows a second method of depicting the 24 problems that were

studied. Both the top and bottom portions of the figure IOcate each problem
1 . P
Fat
within tﬁ; unit square defined by the tywc independent conditional probabilities,

s

pﬁB/T) and‘R(B/-) The top portion of che figure shows the response—outcome
contingency, RIB/T) - pﬁB/T), of each of the problems; the bottom portion ‘ .

shows the likelihood of the buzzing sound per sampling iuterval, EIB), for the

' same problem set. There ‘are nine're5ponse-outcome contingencdes and eipht

pr?faﬁilities ofNbuzz Presentation represented by the 24 problems in Figure l.

.
Furthgfmore, these two procedural dimensions are orthogonal a5 can be geen by
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1

tha o%gqsrte slopes of the lines that comnmect the 24tproblems in the top and

borﬁpﬁigprtions of the figure. From the f;ghre it ~an finally be seen that
{ oné possible problem was not inzluded in the ser. When R{B/T) = - R{Bff),‘

EiGB) = 0; litcle sense could“thus.haVé been made of the task by the subjects

(see next section for questiounaire instructiohs).

L 4

Insert Figure 1 about here

Procedure. Subjects were given problem sheets that each comtained’
St - »
instructions, a time lfne, and a rating scale. The instructions read as

b

follows:

Afteﬁ buying a new radio, Kim finds that it emits a brief
buzzing sound every s¢'often. Kim ﬁinds this buzzing sound
annoying and decides./to find its cause. Removing éhe back
of the radio, Kim. suspects that a wire may be loocse. Kim
chooses a wire and t2ps on 1t a numwber of times in order to

. see 1f this'has any ffecc on the buzzing sound. In the - E
diagram below, Kim'. tapping or the wire is shown by an . N
A above the time li.e which moves from left-to-right across
the page. An occur.ence of the brief buzzing sound is «
shown by a B below he time line.

-
LY

nine-point ratiug scale ranging from ~4 (prevents sound from occurring) to 0 f

thas no effect) to +4 (causes ggund to occurl, SuE?ects were asked to circle ;
N :
the number that best‘correbponded to their apswer to the question, "If you |,

L]

were Kim, what would you conciude was the effect of tapping on the yira

[ ] -
an . )

-

- In the betweenﬂsubjecté rart of the experiment,’ only 1 of the 24 problem -
s?eets was given to each subject. In the witrinnsubjects part of'th? axperi-
fnént, each shbject received‘ail 24‘problem sheets, with the order of the
sﬁeets randonly determinéﬁ”o each subject. The 24 problem sheets were | .

‘clipped together; each packet also included the following cover sheet: ",

. | - [

One of the 24 different time iines then fellowed. Below the cime iine was a Z

re e
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The alm of this experiment is tg see how people judge

the ralationship between their actions and che consequences

of those actions. In the 24 sheers that follow, the sume

basic problem is posed: What 1is the relation between Nim's

tapping on the wire of a nalfunctioning radio and the

occurrence of a brief buzzing sound that the radio .pccasionally

emits. The 24 sheets differ only in the particular relationship

between Kim's tapping and the occurrence of the sound. For

each of the 24 sheets, please rate the degree to ywhich XKim's E

tapping affects the rate of the radio's buzzing, from ''Prevents

the sound from occurring” to "causes the sound to occur." As ]

you go through the 24 problems, you'll soon see that the precblems B

differ from ome another to varying degrees. You may sometimes

want to look back to prior problems; you may even want to change

prior responses. Thig is OK. It is more important to work
*ithrOugh the problems cirefully and methodically thap to give

quick and offhand reactions. Indeed, the materials are paper-

clipped together so that you can sort through the many gheets

and organize them any way you wishy _ .

Results’
Table 2 shows the means and standard deviations of subjects' judgments

for the 24 problems in both the between~ and within-subjects partsaof the

v 4

experiment. . Each Of.EEF 24 problems is located in the table by the coor-
dinates RIB/T) - RﬁBfﬁ) and p(B). In general, sgbjects' rating scores were

positive functions o.f,-botl'{ p(8/T) = p(B/T) and p(B).

In ;err Table 2 about here o

-

Figure 2 graphically por rays subjects' rating scores as separate fune-
tions of.E(B/T) - B(Bff) and (B) in each part of the experiment. Anclysis of

variance simultaneously ass.s ed the reliability of these two sets of functions.

~

- e

Ins.rt’Figure 2 about ﬁere \\ ~

\

The left panel of Figure 2 displays subjects' ratimgs as a function of
p(B/T) ~ Bjﬁff). The [ sitiv. diagonal in the figure showe the responses of a

& e

13 T




.

Judging Response-Outcome Relations

12

hypotheticul judge whose responses correspond in a linear fashion to the
actual response-outcome contingencies and who also employs the full rating
scale. In the between- and within-subjects parts of the experiment, subjects'
judgments"»%rere reliable linear funct;I.on:. of p(B/T) ~ p_(B/‘-f), tf-‘_(l, 528) ='
139.17, p < .001, and F(l, 24) = 74.76, p < .001, respectively; however, the
slopes of those functions were clearly 1e$s than that of our.hypothetical
linear observer. The between~ and within-subjects functions ;130 had reliable
quadratic components, F(1, 528) = 11.28, p = .001, and F(l, 24) = 28.07,

p < .001, resPectively; this trend appears to be due to the negative segments
of the functians havingjshalluwer slopes than the positive segments. Finally,
in the within-subjects part ot the experiment, the cop:ingenc&—ra:ing function
had a reliable cubic component, F(l, 24) = 10.96, p = .003; this trend appears
to be due to the function having an inveEEed §_sha§§. Although the overall
form of the between-subjects function was similar, it did not have a reliable
cubi. component.

The right panel of Figure 2 displays subjects' ratings as a function of
p(B). 1In :he'within-subjects part of the experiment, ratings were a positive
linear function of p(B), F(1l, 24) = 32.63, p < .00l. In the between-subjects
part of the experiment, the linear trend only approached signifizznce, F(1,
528) = 2.90, p = ,089. .

To assess the relative contributions of p(B/T) - p(B/T) and p(B) to sub-
jects? judgment, scores, the perceptage of problem variance accognted ior by
these factors was determined through the cubic component ¢f each; beyond the
cubic component, no significant variance remgined f:gae;:her part of the
experiment. In the between-subjects part of the experiment, p(B/T) - B(B/iﬁ‘éi
accounted for 86.47% of the total variance énd 2(B) accounted for 3.21%; in

the within-subjects part of the experimeni, the corresponding scores were’

71.87% and 24.10%.

14
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Discugsion

Subjects’ judgments pf concingencies in the time line format showed

1

several i¥terest1ng trends that were generally comparable in the wichin- and
between—subjects parts of the experiment. These results also accord well with
past paf;ﬁigés using differgnt presentation formats. First, judgments of
responge~outcome correlation were arrefiablewfunCtion of the ~.ntingency
between the tapping of a wire and the occurrénce of a brief buzzing souhd.
Subjects' ratings rose as the tap-buzz contingency, RﬁB/T) - R(B/T), increased
from negative to positive values. Thus, subjects clearly showed some sﬁphis—
tication.about apprﬁpriate bases of contingincy judgment.
The relative accuracy of subjects' judgments 1s, howeverf another 1ssue.
Mean judgments indicated that subjects ratgd noncontingent relationships close
- £O Zero, but ratings of sever:il negative rfelationships hovered close to zero
as well., While subjects ‘ere asked to rate both the degree and che- sign of a
correlation, the clearest evidence of ackuracy here was the rated direction of
the rel?gionship. Subjects' judgments Zhould also have been ordered according
torthe strength of the correlation. ile thils was generally true, the ratings
ylelded contingency judgments that wére poorer than ideal. Indeed, the quad-
ratic component of the judgment fugé;ion indicates that subjects did not treat
positive and negative relationshigs symmetrically; contingencies of the same
absolute value were rated as atﬁfnger for positive than for negative rela-
tionghipa. The form of this «(ifference in ratings of relationship strength
clogely resembles that féund -n prior research by Erlick and Mills (1967).
The second main finding vas that judgments of correlation were reliably
influenced by Qﬁe likelihood vf the buzzing sound, p(B). This bilas 1is com~

parable to that found in other studies in which the judgment of contingency
L 3

depended on the likelihood th.t the .outeome occurred {(Allan & Jenkins, 1980;

15
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Alloy & Abramson, 1979; Jenkins & Ward, 1965). Trhese prior studies MOST con- N

.

vincingly demonstrated a bias effect of p(B) with response-outcome contin-
gencies of zerc; aAllan and Jenkins;‘(lQSO) investigation further suggested
that the bias effect could arise under positive contingencies: The present i
report confirms the above trends and also shows that the effect of p(B) on
judgments holds under negative response-cutcome contingencies as well (see
that ratings tend to increase from‘top to bottom within most columns of Table
2).

Experiment 2 \

The results of the time line portrayals in _«periment 1 were comparable
in many ways to those of past paradigms. However, subjects who view informa-
tion in a particular format may treat the information in a manner specific to
that focrmat; ths: is, subjezts’ %f:ention to information may depend on the way
the information is preserted. The organization or integration of attended
information ;ﬂy vary with stimulus format as well. We propose three ways in
which the time line and the more familiar summary table format may produce
different judgments.

¥irst, tabled pré%entat;on of event frequency information offers the

subjects tallies of the frequencies of each type of event-stute combination.

Our time line presentation (like past serial presentation techniques) requires

the subjects to generate such tallies on thair own. Subjects ﬁiven time line

. ‘ | i
information mway guess rather than count those freqhencies, resulting in estiJ !
mation errors. This logic suggests that Judgments with time line presentati?n_

; ph

o

will be generally less accugfaie than Juagments with tabled presentation and

that such differential accuracy will be relatively constant across positivey
nagative, and noncontingent relationships. The resultant judgment funcciuﬁ
should be relatively flat across all contlngencies compared to that of tab%ed

o
information. )

16 |
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A second possible source of difference 1s the fact that the summary table
presents the event-state combinations in a form of comparable salience. In .
contrast, each type of event palring has a unique representation in the time
line format (i.e., AB, A-, -B, —~). As a result, snme types of event paiﬁings
may be more salient than others. In particular, the Interval pairs with two
event absences (-—) may be less. prominent than those with one or both events
present. This feature may also have been true of past serlal presentation
paradigms. If so, subjegcts should underestimate the frequency of no tap-no

buzz pairings. Since the denominator of the conditional probability, RjBff),

would then be smaller tham woyld be accurate, this would result in an estimate
of RjB/T) that is too high. This in turn should result in a bias to judge
contins acles as beilng more~negécive in the time line format than the same
contingencies presented in the tabled format. ’

Finally, the time line format allows the subject to determine the delay
between tap and buzz that will be counted as a tap-buzz pairing. Consider the
interval serilesz A--B. The tabled format would représenc this as one occurrence
of tap~no buzz and one of no tap~buzz. However, a subject given the time line
presentation may weli conslider this series to be a single pairing of tap-buzz,
This tendency would lead to an underestimation of the frequencles of event
ﬁairings tap-no buzz a7 no tap-buzz and anp overestimation of the ﬁrequency of
vap~buzz pairings. These errors would yield an inflated numerator for RjB/T)
an& a smaller than accurate numerator for RjBfﬁﬁ. These bilases should
result in judgments of contingencies being more positive in the time line than
in the summary table format. This problem of event Segmenting should not have

been true of past discrete trial presentations, where each slide or card

£

defined #~ event-outcome palring. However, the problem may be true of event

processing in real time, wher zvent continua must be defined as discrete
F

avents., ° é.
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Thus, each of three reasons for judgment Jifferences in the two informa-
tion presentation conditions would result in a unique pattern of judgment
outcomes. Whether any of :hese-differgnces wlll materialize 1s an empirical
gquestion. Expgriment 2 addressed this issue by comparing judgments under the
time q];:l.ne format empfoyed in Experiment 1 with jucgaents of the same problems
presented in thé Summary tabl; format used in past investigacions {é.g.,
Smedslund, 1963; Ward & Jenkins, 1965). Since judgments were s¢ comparable in
the between- and ﬁithin—subjects parts of Experiment 1, subjects in Experiment

3

2 judged all 24 problems. ! PO
Method N
Subjects. The subjects were 34 undergraduate research par;icipants.

Problems. The same 24 problems were used here as in Fxperiment 1.

Problems in the time line format were typed on a single sheet of paper with
the nine-point Eating seale to the right of each prdblem. Problems in th;
supmary table.format were typed on another sheet of paper similar to Table 1,
except that the four typ;s of sampling intervals were vertically arrayed;
identical rating scales were located beneath each problem. Problems were
presented in & single random sequence for the time line format and in a
different random sSequence for the table format.

Procedure. During the first portion of the experimental séssion, sub-
jects were given an instruction sheet describing the troubleshooting problems
on the attached sheet of paper. For half of the subjects the pr?blems'were in
the time line format, and for the other half the problewts were in the summary
table format. During the second half of the session, subjects worked problems
iu the format not worked In the first half. Instructions for time lihe prob-
lems were the Same as those used in Experiment 1. Instructions for summary
table problems were the same, with appropriate adjustments to introduce the

-

i ,
table rathe” than the time line formact.

¥a
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Results

Y

L]

Table 3 shows the means and standard deviations of subjectsy Judgmencs.
for che 24 problems given in the time line and summary cable formats. Because
analysis of variance failed to disclose any reliable effects attribucable to
the ofder of format preseﬁcacion,‘ihis factor 1s not considered in Table 3 ‘nor

in lacgr data ani}ysis. As in Experiment 1, subjects' ratings were positive

funcciéns of both EﬂB/T) - gﬂBfT) and p(B).

Inserc Table 3 about here’,
¥

5
. N .
Figure 3 graphically depicts subjects' rating scores as separate func-—

tions of p(B/T) -.R(B/E) and p(B) for each method of information presencacion;

Analysis of variance simnlcanéously compared these two sz2cs of funccions.

-
F)

Inserc Figure 3 azbout here

}

The left panel of Figure 3 portrays subjects' ratings as a fuynciion of
p(B/T) - p(B/T). Overall, rarings were reliable linear, F(i, 32) = 51.72,

p < .001, and quadracic, F(1, 32) = 12.90, p = .00I, functions of cap~buzz

\\I‘ .

format interaction, F(1l, 32)i= 4.97, p = ,033, To pinpoint cthe source of chis

el

inceraction, separate analyses of varlance were conducted on the time line and

contingency. Additionally, ithere was a reliable 4quadracic contingency by

aummary table daca. For bocth the time line and che summary cable formacs,
ratings were reliable linear functions of contingency, F(1, 33) = 36.77,

p < .00, and F(1, 33) = 44.27, p < .001, respectively. However, the quad-
ratic crend was reliable for the cime line format enly, F(1, 33) = 14.5§,'2 =

.001. Thus, aubjeccs’ judgments were reliable linear functions of response-
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outcome contingency with both methods of information presentation; however,
;%e method of information ngsentation 1nf1uenceg those functions, with the
f}:abled format supporting judgments that better approximated those of an ideal
observer, particularly in the region of negative contingencles,

The right panel of Figure 3 illustrates subjects' ratings as a function
* - of p(BY. Overall, ratings were reliable linear, F(l, 32) = 30.11, p < .001,
A and quadratic, F(1l, 32) = 26.68, p < .001, functions of outcome probability.

3
Additionally, there were relisble linear, F(1, 32) = 6.32, p = .017, and

quadratic, F(1, 32) = 12.9%, p < .001, outcome probébility by format inter-

L]

actions. Because of these interactions, follow-up analyses were separately
performed on the time line and summary taSie data., For the time line data,
ratings were.reliable linear, F(1, 33) = 34.87, p < .001, and quadratic, F(1,
33) = 30.43, p < .001, ‘funct:.:l.ons of p(8); for the summary table data, the
linear trend was reliable, F(l, 33) = 5. 53 2_- .027, and the quadratic trend
fell just short of statistical significance, F(1, 33) = 3. 69: p = .063, T@ps.
the -method of information pre ntation altered the influence of outcome proba-
bility on aubjeéts' ratings; providing the information in 2 time line format
both steepened the probability~judgment function and increased 1ts cufvature
relative to providing the same information in a Summary table format.

And, regardless of tap-buzz contingency and buzz probabilitg, Judgments
éére reliably higher in‘the time line condition,than‘iﬁ the shhmary table
condition, F(1, 32) = 5.03, p = .032, |
w\ ) To aassess the relative contributions of response~outcome contingency and
‘ outcome probability to subject;’ ratings, t%e percentage of problem variance
accounted for.by each factor was determined as in Experiment 1. For the

summary table data, p(B/T) - p(B/T) accounted for 81.35% of the total varlance

) and p(B) accounted for 12.58%; for the rime line data, the corresponding

JEotey
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*
scores were 39.487% and 51.79%. Beyord the cublec component, no significant

variance remained for the summary table data. For. the time line data, the
8,78% remaining variance waé small, but statistically significant, F(17, 361)

%
= 3.23, p < .00L. - _ . -

Discussion

-

The data from subjects given the time line in this experiment replicate
the judgment patterns ¢of subjects in the comparable_coﬁhition of Experiment 1.
In addition, the results of Experimenc'Z coﬁfirm prior findings (Shaklee &
Mims, 1982; Smedslund, 1963; Ward & Jenkins, 1965) that the method of infor-

mation presentation affects subjects' judgments of response-outcome correla=-

ticon.

" N
The obtained judgment differences under two cenditions coqparable in N
menory demands suggest that past effects of presentation conditions may not be

& «
closely attuned to response-outcome contingency when information was given in

solely attributed to memory. In general, subjects' }udgﬁggts were move

the summary table than when the ssme information was given in the time line.
First, the contingency-judgment function (left panel of Figure 3) was mure
symmecricél about zere im the Bummary table condition, suggesting that sub-
jects rated positive and negative relationships in a comparable fashion.
Again, the time line portrayal supported less accurate judgments of negative
than positive concingencieq. Second, table format judgments were lesﬁ dis~

-

torted by the probability of the buzzing sound (right panel of Figure 3). The

-

linear contingency by format interaction showed that the time line judgments
were-sc;eper functions of p(B) than the summary table judgments.

We p;eviously reviewed three reasons why time line and sur.mary table
formats may result in different contingency judgments. The suggestion thac

the time line wiil lead to more errors in astimating frequencies of event

21 :
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’ ( .
palrings than the summary table predicted overali poorer contingency judgment !
agccuracy (l.e., a flatter, but symmetrical contingency-judgment function) in
the time line than in the tab;Fd format condition.‘ The possibility that joimt
event absences (no tap-no buzz) were less salient in the time line than in the
.tahled presentation mode predicted a general bias to report relationships as
;ore negative in the time line than in the summary table format., However,
neither of these difference patterns déscribe our results.

-éubjects in thié experiment did show 2 tendency to judge relationships as
more positive in the time line than in the summary table condicion. This ¢
result supports our third proposed source of differences, that subjects may’
group event baifings diffepently in the time line than the tabled format. In
particular, event ceries A~-B could be identified as a single tap-buzz occurrence
rather than & tap-no buzz-and a ﬁo tap-buzz, yielding’in a blas'ko Teporet .
relationships as pesitive. However, we should note that while rgt@ngs were
generally higher iﬂ ehe time iine than in the summary table condition, the
positivity blas was wmore pronounced for negative than positive contingencies:“
Cne possible account for this finding involves the influegce of context on the
grouping of event pailrings; that 18, A--B may be most likely to be judged a
tap-buzz occurrence when there are few contiguous AR pairings in the time
line, as would be the case in negative contingencies. .

Besides helping us to understand why different presentation formats Sup-
port different judgments, these performance‘zifferences between groups also
allow us to reject che possibilicy thaﬁ time line subjécts' problems with
rating negﬁtive contingencies are due to & respouse blas or to prior expecta-
tiona. Any expectation about the effect of tapping on the radio's buzzing

should be the same in the two gfoups, but judgments of neéﬁtive contingencies

were distorted fof time line subjects only. Similarly, since subjects made

&
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Judgments on the same rating scale in the two conditions, performance dif-

ferences cannot be attributed to pecullarities in the scale 1tself.

P +
Experiment 3 i
X v y )
o The results thus far suggest that subjects may define events differently .
' W

in the time line and table formats. If this is the principal reason for the

+ ipnaccurate responses of time line subjects, then thei: Judgments should

improve when the -continuous stream of events in the time line is separated
into discrete units. '
- . Our third experiment further explored the problem of defining individual

eeﬁpling periods by placiﬁk a clear break between pairedlinter&als in the time :

-

line fér@at. To do this, we simply,added:a blank space between successive

~
sampling intervals along the time line. As in the within-subjects part of

-

Experimeﬁzﬁi, subjects rated all 24 tap~buzz contingencies. These Eudgments
were compared to those obtained in Experiment 1,.in which successive sampliﬁg
intervals immediately followed one another:

Method ] .

_ Subjects. Another group of 25 undergraduate research participants joined
t@e 25 vho had served in the within-subjects part of Experim;nt 1, and whose

data are deplcted again'in the Results section that follows. Subjects in

these two groups vere from the same introductory psychology course and were

tested within 3 wgeks of the game school term. ¢

- A ]

Problems. The problems for the new subjects were identical to those in. ;

- . i

Experiment 1, except that one blan' space was inserted between successive
sampling intervals®along the time line. This format is illusprataf in a -

sample fcem (Problem 11):

A

- -~ A
B

&*éﬂ
BB

“B B

A __A A o A __
B B 4 B B B B B
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Procedure. The procedure for the new subjects givean the broken time

lines was identical to that for the former subjects given the uynbroken tinp

lines in Experiment 1. S

-~ -

"Results -

[

Table & shows the means and standard deviations of Subjectg"judgmepts
for the 24 probléms given in the broken and the unbroken time line conditions

of Experiment 3.  Again, subjects' ratings were Positive functions of p(8/T) -

-

p(B/T) and p(B).

Insert Table 4 about here

&

Figure & graphically illustrstes subjects' rating scores as saparate .
funceions of p(B/T) ~ p(B/T) and p(B) for each time line condition. Analysis

of variance simmlctaneously compared these two sets of functions.

Infert Figure & about here

1

The left panel of Figure & shows. subjects' ratings as a function of
R(B/T) - p(B/T). oOverall, racings were reliable linear, F(l, 576) = 542.75, '
* p 2 .001, éuadratic, Egl, 576) = 34.32, p < .001, and cubic, F(I, S76% = ‘
©  20.35, p < .001, funqéions of tap~buzz contingency. Additionally, there was a
.reliable linear con'taingenc}y by time line im:eractior;, F(1, 5\?6) =508, pm™
’.025, and 3 near significant quadratic contingency by’time line interaction,’
FQ, 576) = 3.18, p = .073. Therefore, separate analyses of variunce were

. conducted on the data for the group given the broken time line and for the

group given the unbroken time line. For both the broken and unbroken time

I3

1ine groups, ratings were reliable linear functioms, F(1, 24) = 83.74, p < .001,

-
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and B(1, 24) = 74.76, p < .001, respectwe[ly, quadrati,c functions, F(l 24) =
7.17, p = .013, and F(1, 24) = 28.07, p < .001, respectively), and cubic func=-
tions of contingené", F(1, 24) = 24.8‘3, p < .001, and._E('l, 24) = 10.96, p =

-

.003, respectively. Thus, although the contingency-rac‘ing functions were
similar, judgments Of‘pontingency were more strongly differentiaced foy gub~
jects in ghe broken time line group; this greater ;l.ifferentiacion was generally
more; notable for negative‘ t:han‘for\'positi've contingenciles.
The right ﬁhnei of Figure 4 portrays subjects' ratings as a function of

' p(8). " overall, ragings vere reliable é.inear, F(1, 576) = 139. 875 p < .001,
and quadracic F(L, 576) = 25. 33 j 0:}'1 functions Of outcome probability.
Additionally, there vas 8 reliable quadratic ouCcEme’probabilicy by time line
|interaction, E(l,' 576) = 6.18; p = .013. ‘Sepatate analyses oé varlance were

therefore conducted on the data from the two time line groups. For both the

iy

group given the broken time line and the grod given the unbroken time line,

ratings were reliable linear fynctions of R(B)’ E(1, 24) = 20 62, p < .001,

and F(1, 24) = 32.63, p < .001, re?peccively. -However, the@t.edracs.c trend

was reliagble for the broken t:ime line 3roqp only, F(1, 24) = 24.01, p < .00L.
'

Thue,‘che probability-rating functions of the two time line groups were

gimilarly sloped,\a%cho&gh the funccio:l for the broken Ci,me' line appeared to

(- ,
turn downward at high outcome probabilities more than the function for the

'L;nbroken time line. RS «

To assess the relative contriby'tions of regsponse—putcome contingency and
outcome probability to subjects' judgmefits, the percentage of variance accounted
for by each factor was detgrmined as-in Efcperiméﬂegs' 1 and 2. For the broken

time line group, p(B/T) -‘E(B/¥) accounted 'foxt' 77.31% wf the total problem

variance and p(B) accounted for 19.08%; for the unbfoktan time line group, the

- - \)
corresponding scores were 71.37/aand 24.10%.
~ . "\ \
\ * ? b
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Discusslon -

- - . T . }
F

We introduced the broken time line format in Experistent 3'to partition

ks

the time line continuum into discrete sampling intervals. The results of the

L]
experiment indicate thit this manipulation had an effect on judgments of the
problem set. Subjects judging broken time lines showed greater differenti-

ation in their ratings as a function of the scheduled contingency thaw sub~' - 1
jects judging unbroken time 1_nes. This increased differentiation was geﬁerally__'
i * N

more prominent for negative than for positive relationships, 2 difference .
N3
which was also true of subjects judging tabled information in Experiment 2.

Thus,‘the resulés of subjects whs viewed the broken time lines ddplicaté
in some tesp;pts the Behaviér of sgbjects jgdging on the basis of tabléd o
information. Our ability to increase the accuracy of gontingeuEy ju&g!;ientsl -]
gy this maﬁipu;ation enhances confidence in our interpretation that subhécts

made errors in identifying discfete event pairings in the countinuocus time

lines. The similarity of judgments of tabled and broken time line information
. ' & ’ A
suggests that one function of the table may be to separate & stream of events

- wt !
into ¢oherent units. Such units may be more readily classed aé:lrding to the

type of event pairing and thus may be more accurately incorpérated intc 2

contingency judgﬂenc.‘
While breaking the flow cf the time line into discrete sampliné intervals

yielded judgments more;sim}lar to those;ﬁ;de with suﬁmary table presentation,

inspection of Figures 3 and 4 shows that the judgments obtained under these ¥

two conditions were not identical. Contlngency-judgment functions under the

* . . e s
broken time line format were less symmetrical about zero than under the

sutmary table Format, and probability~rating functions were steeper I{n the
former condition than in the latter. Thus, other factors may well contribute
to the differances in contingency judgments obtained with the tine line and

summary table formats in Experiment 2,
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Experiment 4
Thus far, our leading iaterpretation of the problems created by-a con—
rinuous representation of events 1s that people have difficul v breaking the
streasm into discrete units. An alterna;ive approach to testing this account
night be to Leach'people to parse the time line into tne component units. If
such training producks judgment functions like those fouhd in our broken time
line and table formats, such findings would further support this as the ;ource

-

of judgment differences. A second innc@iqp of‘the table amentioned earlier
might be to usffer subjects numerical'summaries of the information about the
four event combinations. This summarized information may be more readily
incorporated 4nto a decisinn rule in judging event covariations. Iq this way,
judgment acecuracy might be further enhanced 1f subjects were asked to count
the occurrences of each event-state combination and note these frequenciles

in a table. By this process, subjects would effectively convert a time line
into 2 table format. - | )

Our fourth and fimal expériment usad each of these approacheg. O(me group
of subjects was presented with the 24 problems in our original time l%ne
fotmht, but were taught to break the line into respénse-outcome intervals
(line~interval). A second group received these instructions and were also
asked to count the frequencies of each event-state pairing and write those
frequencies in & table (line-~table)}., Time line znd table groups using our
original instructions served a. comparison conditions for these manipulations.
Impréved judgment by lipe~interval subjects.compar(.i to time line subjects
would further implicate line segmenting as a factor in contingency judgment.
Further improveméﬁts bf line-table subjects would suggest that summary infor-
mation is also an important function of the tabled formar. Because we found

sex differences in contingengy,judgment in related work of ours (Shaklee &

#all, in press), sex was included a5 a factor in chis experiment.

21
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Method
Subjects. A total of 160 Introductory psychology subjects served in the
experiment with 20 males and 20 females in each of four judgment conditions.

Problems. The 24 contingencles for this experiment were the same as
’ b
those in the previous experiments. Format of problems in the time line and

i

table representations was the same 3s that used in Experirments 1 and, 2.
\

Procedure. The introduction to the troubleshooting problems was identi-

cal to that used in the previous studies, except that the problem rabpresenta-
tlon was explained in one of four ways:

P

Line: These instructions were the same as those used in Experiments 1
’

and 2, ' . . i
Line-Interval: These Droblems yere represented in a time line like that
used in Experments 1 and 2, but in this case subjects were specifically

instructed how to break the time line into response~outcome intervals. In-~

L

structions were as follows:

Each dash on the time line represents one unit of time.
Time units come in pairs, with the first an opportunity
for a response (Tdp or No Tap) and the second an oppertunity
for an cutcome (Buzz or No Buzz). Thus, palrs of successive
intervals can be of four types: Tap-Buzz, Tap-No Buzz, No
Tap-Buzz, No Tap-No Buzz. For each of the time lines, please
rate the degree to which Kim's tapping affects the rate of
the radlo's buzzing, from "prevents the sound from occurring”
to "causes the sound to occur.” : i

Line~Table: Problems and instructions were identical to those in the
. : i
Line~Interval condition, except that each problem wa3a accompanied by a bﬁank

table labelea as ipn the previous table condition of Experiment 2. Subjects
Wi
were instructed to complete the table before making their Jjudgment. Instruc-

A

tions were as follows:

Each dash on the time line represents_one unit of time.
Time units come.in pairs, with the first an opportunity for
a response (Tap or No Tap) and the second an opportunity for
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I}

Jg:outcome (Buzz or No Buzz). Thus, Palrs of successive
intervals can be of four types: Tap-Buzz, Tap-No Buzz, No
Tap-Buzz, No Tap-No Buii. For each time line, please count
the frequency of each of these four types of interval palrs,

'

Enter, those frequencies in the table to thslright of the time
line. Once you have complested the table, please rate the
degree to whic% Kim's tapping affects the rate 0£ the"radio's
buzzing, from "prevents the sound from occurring’ to “causes
the sound ¢o oceur.” :
Table: Problems and instructions in tﬂ‘s condicion were identical to
those in Experiment 2,

" In each conditizn, the information offered in the instructions g§8 shown
on a sasgiple problem illustrating each type of response~outcome pairing.
Subjects were invited to ask any questions they wight have, after which they
proceeded at their own pace through the problem set.

Results

Means and standard deviations of subjects' judgments for ch; 24 problems
in each judgment condition ave shown in fable 5. Figure 5 illustiates\9ub-
jects' judgmenég of the nine contingencies, p(B/T) ~‘2(E/55, and the eight
probabilities of buzzing sound, p(B), for the four judgment conditions. These
functions were simgltaneou§ly compared by analysis of variance, includiﬁg sex
of subject and judgment condition as factors. Paired follow-up analyses were
conductedl on interactions, setting alpha at .025 to reduce the experiment~wide

g

arror rate.

—("'w ‘ f
.. H
!

Insert Table 5 and Figure 5 about here

3

. /
The overall analysis ylelded reliable linear, F(1l, 152) = 851.86, p < .001,

quadratic F(1, 152) = 100.92, p < .001, and cubic F(1, 152) = 12.52, p < .001
trﬁndn of respoase-outccme contingency on subjects' judgments. As in our

previous experiments, judgments were a function of problem contingency, but

¢ -+

s G 29

e -— po




Judging Response-Jutnome Relations

28

with judgments of negative relations closer to zere :han those of posiéive

telations. This analysis also showed a main effect of judgment condition,
F(3, 152) = 11.40, p < .001, although that effect is qualified by a contin-
gency by condition intevaction, F(23, 3426) = 2.47, p < .00l. As seen in th

left portion of Figure 5, the form of this interaction shows that judgments in

the Table condition were most symmetrical about zero, ju&éments in the Line
condition were least svimetrical, and judgments in the Line-Interval an. Line-
~able conditions fell between these Wwo extremes. Follow-up analyses .compared
contingency judgment functions for selected condition pairs. Line-Interval
and Line cunditions.were compared g identify the egfect of the interval
segmenting instructions. This analysis showed Line-Interval subjects Yo be
significantly different from Line subjects; linear trend F{(1, 76) = 11.12, p =
.001, the quadratic trend approaching significance F(1l, 76) = 4.92, p = ,029.
Comparison of Line~Table and Line-Interval contingency functions showed that
tabling the frequercy information had no additional effect on judgment accuracy.
Line-Table and Table jt ‘g8 were compared ro See if judges who tabled the
frequency information fnr themselves were &quivalent in judgment to those who
judged tables provided by the experimentex. Thi2 comparison showed that
contirdgency judgment functions dér; not equivalent for che\tw? groups, with
Line-Table and Table judges reliably different in quadratic t;end,‘g(l, 76) = s
5.83, p =" .018, but not in linear or cubic trends.

Sex differences in contingency functions were statisgically significant,
with the contingency-judgment function for females flatterx than that for
mslgs: linear trend F(1, i§2) = 3.94, p= .049, cublc trend F(1l, 152) = 4.38,
p = .038. This aex eifect did not interact significantly with judgment ;ondition.

-

As in our previous expériments, subjects' judgments were an increasing

-
-

function of the probability of the buzzing sound {see right portion of Figure

1
-
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5}, Ratings showed gsignificant linear, F(1, 152) = 210.66, p < .001, quad-
ratic, F(1, 152) = 80.90, p < .001, and cubic, F(l, 152) = 4,58, p = .034,
trean as & funetion of p(B). Unlike previous analyses, however, these

~
probability—-judgment furctinsns were not reliably affected by ﬁudgment condi-
tion, although the Line group again showed the greatest effect of p(B) and the
Table group showed the least effect, Effects of p(B) alaf did not differ.hs 8
function of subjecta’ sex.

The relative éﬁntributions of responge-outcome contingency and outconme
probability in each of the four conditioms were determined as in the prior
erperiments., For the Table group, p(B/T) —‘R(B/T) accounted for 89.07% of the
tatal problem variauce and‘R(B).accounted for 9.47%; for the Line-Table group,
the corresponding scores were 80,97% and 17.02%; for the Line-~Interval group,
the scores were 76.04% and 17.617%; and fgé the Line grour, the scores were
71.38% and 22.64%. In only the lacter two groups was the residual variance
slgnificant: Line-Interval residual = 6,35%, F(17, 646) = 6,72, p < .001, and
Line residual = 5.98%, F(17, 646) = 2,25, p = ,003. |

Since frecuency judgment errors may detract from contingency judgment
accuracy, the frequency tables generated by subjects in the LiﬁefTable condi-
tion were examined for accuracy. Overall, errors were small, with mean
ab;olute deviations of .15, .10, .30, and 1.685 for Taﬁ-Buzz, Tap-No Buzz, No
Tap-Buzz, and No Tap-No Buzz frequencies, respectively. In view of the dif-
ferential judgments of positive and negative relationships in this condition,
frequency judgment accuracy was compared for problems representing positive
a8ud negative concingencies. Absolute dgviations were averaged across table
cells for this analysig. A matched-palrs t-test showed no reliable differences
in freﬁuency judgment errors on positive and negative contingencies, £(39) < l.

' Discussion

Experiment &4 represents a conceptual replication of our third experiment.
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In Experiment 3, we broke the time line into discrete units. In this experi-
wment, we taught the subjects themselves to define these intervais. The results
indicate that the manipulations in the two experiments had similar effects.
Line-Interval and Line~Table subjects in Experimeat 4 produced contingency-
judgment functions Intermediate to those of our Line and Table subjects:
Line~Interval and Line-Tabie subjects' contingency-judgment functions were
more symmettrical about zero than that of Line subjects, although the two new
conditions 4id not differ from each other. ?his failure to find additional
improvemect by subjects who completed‘a frequency tzble indicates that the
avallability of summaryy information contribuces little t¢ judgment accuracy.
However, the cimilarity of these two functions to that of subjects in our past
broken time line condition eRhances our confidence in the problem of event
scgmenting as a source of error in judging negative relationships.

The finding that Line-~Table judges are also leas accurate than Table
judges is a bit of a surprise. These Subjects have effectively converted time
line information into a tabled fd&mcci' However, the accuracy of that conversion
is a second question. Sicce any defﬁgtiéns in. frequency judgments must
neceasarily be in the direction of lower ;ccuracy, subjects in thias condition
may have somewhat erroneous information on 6h1ch to base their judgments.
However, a look a3t subjects' frequency counts indicates reasonable accuracy,
indeed, 12 out of 40 subjects did not show a singlé~er'or on any of the 24
problemsa. In adaltion, error rates were similar on negdt%ve and positive
.contingency problems. 'Tpus, inacfuracy of “frequency jﬁdgaénts constitutes a
weak account of the difference in judgment functions of Line-Table and Table
subjects.

These differences between Line-Table and Table judgments replicate the

t

stimulus presentation effects of Ward and Jankinc (1965) in a substantially
v
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different format. Thelr subjects viewgd sequences of avent-outcome palrs
(£loud seeding or not/rain or mo rain), each Sequence indicating some degree
of positive relationship, When che sequence was completet one group of sub-
jects saw a table summarizing the freﬁugncies of each of the event-state
combinations. A seacond group saw the tabled information only. Ward and
Jenkins found.that subjects who saw the tabled information after the event
series vere less accurata in their judgments than those who saw the taéled
information glone. It was this finding that Iinspired the experimenters to
conclude that viewing the event sequence had caused the subjects to represent
the information in a way that .the table failed to counteract, perhaps dif=-

" ferentially emphasizing the relative 1mpbrtance of particular event—state

pairings. Our own results parallel these past findings- closely. In our case,

however, subjects viewed event contingencies in a linear representation free

of memory demands. J//

As 1in our previous experiments, subjects' judgments here were blased by
the probability of the buzzing sound. Howevar, unlike Experiments 2 and 3,
the extent of that blas was not reliéﬂly different in the Line and Table judg-
ment conditions. The failure to replicate this finding is surprising and
difficult ¢o account for given the comparabi%ity of other aspects of the
present results to our other previous ocutcomes. :his finding does temper our
confid;;ce in tke previous result that judgments of tabled information are
relativel} free of the effect of the probabillicy of outcome.

Finally, chis experiment showed a reliable effect of sex, with contin-
gency-judgmént functions of females relilably flacter than those of males.
This difference may indicate that females have a higher judgment error rate

than males, contributing to flatter functions. This interpretation is con-

»
gruent with findings in our relatkd work (Shaklee & Hall, in press) showing

33
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that Tefiales use simpler, less accurate rules than thosé used by males ¢o
judge event covariations., An alternative interpretation of the sex differences
in the present experiment is that-the two sexes judge the problems with similar

5

accuracy, but that the females use a more limited range of the scale to make
their judgments. However, a comparison‘of judgments indicates that the two
sexes use the scale extremes (+4) at comparable rateé (11.3% and 12.2% of
judgrents for males and females, respectively), ruling out response conser—
vatism as & viable account of this sex difference.
Concluding Commants

In overview, the results of four different experiments sugg%§t that
judgments of interevent conlingency importantly depend on the method of
presenting'informatioﬁ aboug event palrings. Most accurate were judgments of
summAryY table informacion (Experiments 2 and 4); least accurate were judgments
of informatlén presented in & continuous time line format (Experimencs 1, 2,
and 4). The accuracy of subjects judging partitioned time lines (Experiment
3) fell in between that of the other two conditions. Subjects’trained to
sagment continuous time lines (Experiment 4) made judgments similar &o those
who saw particioned time lines. . This evidence suggests that Ward and Jgnkins
(1965) were correct in their suspicion that presentation format may influence
subjects’ ctreatment of frequency information in maﬁing contingency judgmeﬁts.
Our evidence indicates that subjects may break event sequences 19:0 different
discrete evau?ipai;}nga depending on the format in which the frequeney infor-
mation 1s presented. This explanation ébqopnts well for our own findings, but
méy not be similarly useful in explaining the effects of relationship direction

L4

in some past paradijms. As noted earlier, slide or card szquence presentations
I} * 0

offer event pairings as discrete units rather than as event continua.
I

This interpretation offers a ready account for the finding in pasct

rgsaarch that subjects judge negative relationships less accurately' chan

4
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positive relationships. Past researchers have suggested that subjects know

how to judge positive, tut not negative contingencies. All (1980), however,

Y

pointed out one difficulty with this interpretation; subjectts who only know

how to judge positive relationships must be able to distinguish between posi- -
tive and negative relationships in order to apply the appropriate rule to
positive contingencies. Presumably, a different, less accurate rule is

applied to negaéive (and independent) relationships. Thus, this interpreta-
tion requires that an individual maingain more than one rule to judge event
contingencies, and that the person know when to apply which rule teo which
relationship. "

Qur analysis 1ndibg;e; a single judgment problem which would result in
differential accuracy on positive and negative relationships: that is, sub- O
jects' boundaries for event segments depend on the other events in thé s{ream.
Positive relationships are typified by many response-outcome pairs which would
defipe a brief time interval as a response-outcomé unit. however, where few
outcomes promptly follow responses, the observer may accept relatively de}ayed~
outcomes as "caused" by tbe response. The estimate of response-outcome pairs -
is inflated, resulting in an illusion of a relationship which is less negative
‘than is objectively the Zase.

We would argue tha: the ér?blems our subjects encountered in the time
line format could be similar to those encountered in judgments of real world
contingencies—~response~outcome JZlays may var& in everyday experiencé. On%
task of the perceiver 1s then to define which Eequences repfesent true‘response—
outcome pairings. Investigations of the cues used to break event sequences

into discrete units are rare. Our evidence suggests that understanding this

procesa may be important to our ability to account for contingency judgments.




References
Allan,-L. A note on measurements of contingency between two binary variables .
i .

in judgment tasks. Bulletin of the Psychonomic Soclety. 198G, 415, 147-149,

Allan, L., & Jenkins, H. The judgment of contingency and the nature of {he

response. Canadian Journal of Psychology/Review of Canadian Psychology,

.7 1980, 34, 1-11.
Alloy, L., & Abramson, L. Judgment of contingency in depressed and nondepressed

students: Sadder but wiser? Journal of Experimental Psychology: General,

1979, 108, 441-485. ~

o

Chapman, L., & Chapman, J. Genesis uvf popular but erroneous psychcdiagnostic

observations. .Journal of Abmormal gsychology, 1967, 72, 193-204. (2)

Chapmwan, L., & Chapman, J. Illusory correlation as an obstacle to the use of

valid psychodiagnostic signs. Journal of Abmormal Psychelegy, 1967, 74,

271~-280. (b) ' i

Crocker, J. Judgment of covariation by social perceivers. Psychological
. Bulletin, 1981, 90, 272-292. :

Erlick, D. E., & Mills, R?lG. Perceptual quantification of conditlonal depen-

dency. Journal of Experimental Psychology, 1967, 43, 9-14.

Heider, F. The psychology of interpersonal relations. UNew York: Wiley, 1958.

Hume, D. A treatise of human nature. In A. Flew (Ed.i,'On human nature and

the understanding. New York: Collier, 1962. (A Treatise of human nature

was originally published in 1739,)

Inhelder, B., & Plaget, J. The growth of logical thinking from childhood

to adolescence. New York: Basic Books, 1958. . \;
Jenkine, H., & Ward, W. Judgment of contingency between responses and outcomes.

Psychological Monographs, 1965, 79, 1-17.

i
Keliey, H. H. Attribution theory in social psychology. Tn D. Levine (Ed.),

Nebragka Symposium on Motivation (vol. -15). Lincoln: University of

36

Nebra ‘Press, 1967.




1
r

Judging Response-Cutcome Relations

35

+

Mackintosh, ﬁﬂ“3:m_TEE‘ﬁg}Ehology of animal learning. London: Academic Press,

¥

1974,

K

Morgan, C. L. The limits of animsal iﬁcelligence. Fortnighely Revfew, 1893,

54, 223-239,,

Morgan, C. L. An incroduction to comparative psychologzl London: Walcer

r

Scott, Ltd., 1894. F)

L

. ! ‘o e
Rescorla, R. A. Some in-licacions of a.cognitive perspecciveﬁon Pavlovian

. conditioning. In S. H. Hulse, H. Fowler, & W. K. Honig (Eds.), Cognitive

processes in animal behavior. Hillsdale, NJ: Erlbaum, 1978.

Y

Seggie, .JJ. The empirical dbservacion of the Piageciaﬁ concept of cor¥elation.

Canadian Journal of Psychology/Review of Canadian Psychology, 1975, 29, .

32-42 L] 5 s

s

Seggle, J., & Endersby, H. The empirical implications of Plaget's concept of

‘correlation. Australizg Journal of égychologz, 1972, 24, 3-8.

Shaklee, H,, & Hall, L. Methods of assessing strategles for judgipg covari-

ation between events.. Journal of Educational Psychology, in press. :

Shaklee, H., & itims, M. Sources of error in judging event covariations: Effects
. . Feg
of memory demanda. Journal of Experimental Psychology: Learning, MemoXy,

Ay

gné Cognition, 1982, éJ 208-224.

Shaklee, H., & Tucker, D. A rule analysis of judgments of covariacion between
3
events. Memory and Coguicion, 1980, 8, 459-467.
i
Smedslund, J. The concept of correlation in adults. Scandinavian Journal of

Ll L]

Pgychology, 1963, 4, 165-173.

Ward, W., & Jenkins, H. The display of information and the judgment of contin-

gency. Canadian Journal of Psychology, 19653, 19, 231-241.

L

37

—miraF o maaeaFa g A s i e




ar

Judging Response-Qutcome Relations

* Footnote

-

This research was supported by NSF grant 79-14160 to E.A.W. and NIE grant

G-80-009]1 to H.S. The authors are greatly indebted to R. H. Hohle for his

L]

helpful technical assistance. Fortions of this research were reported at the

_ annual meeting of the Psychonomic Society, Philadelphia, PA, November, 1981,

Requests for reprints may be sent to either author, Department 'of Psychology,

The University of Towa, Towa City, IA 52242,




Q

Judging Response-Qutcome Relations

':D e
37
. Frequencies of Response-Outcome Possibilities
- in Each Experimental Problem
Problem  Tap-Buzz Tap-No Buzz No Tap-Buzz No Tap-No Buzz
1 12 0 0 12
2 9 3 0 12
3 6 ' P 0 12
4 3 , 9 0 12
5 12 0 3 9
6 9 3 voo3 9
74 6 6 3 e
) 3 9 3 9
9 0 12 3 "9
10 12 | 0 . 6 6
11 9 3 6 6
12 6 6 6 6
13 .'; 9 6 -~ 6
14 0 12 6 6
15 | B VI 0 " 3
16 9 3 9 3
17 6 6 K 3
18 A B 9 9 3
19 0 ' 12 9 3
20 " 12 0 12 0
21 9 3 12 0
22 6 6 12 0
23 3 9 12 o0
26, 0 12 12 0 e
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Means and Standard Devistions (in Parentheses) of Subjects' Ratings

Table 2

in the Between- and Hifhin—Subjecta Parts of Experiment 1

p(B/E) - p(B/T)

p{B) -1200 -0,75 ~0.50 -0,25 0.00 4+0.25 "+0.50 +0.75 +] .00
Between Subjects -
125 -1,57 0.13
: (L.53) (0.90)
. 250 . -0.91 ' 0.09 1.30
. (1.59) (1.84) (1.57)
.375 ~1.04 -0.74 0.17 1.61
. (2.07) (1.48) (1.79) (1.52)
.50 -1.43. . 0.00 ~0.13 0.96 2.30
o (2.10) (1.87) (2.05) . (1.49) {2,37)
¥, 625 f ~0.39 ~8.52 0.39 1.78
(1.81) (2.00) (1.69) (2.69)
.750 ~0, 30 0.00 }.61
(1.97) (1.14) 1 (1.44)
.875 -0.52 0.09
{2.02) ‘ (2.02)
1.000 0.09
(0.88)
. Within Subjects
[N S —— — q:
.125 -1.48 ~0.52
. {1.36) (1.65)
. 250 -0.60 -0.60 0.88
(1.94) (1.72) (1.63)
.375 -5.92 -0.48 0.40 1.96
{1.85) (1.10) - (0.94) (1.31) :
.500 -1.ﬂ@ 0.00 0.08 1.52 3.48
(1.78) : (1.36) , (1.49) (1.45) (1.42)
.625 0. 20 0.12 1.28 2,24
(1.39) (1.27) (1.22) (1.24)
750 0.44 0.60 2.12
(1.39) . (1.20) {1.11)
.875 . 1.28 1.48
) " (1.46) (1.58) 41
‘lO 1.000 0.92
(1.90)
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Means and Standard Devistions (in Parentheses) of Subjects' Ratings
Under the Time Line and Summary Table Formats of Experiment 2

p(8/7) - p(B/T)
p(b) ~1.00 -0.75 -0.50 -0.25 0.00 4+0.25 +0.50 4+0.75 +1.00
Time Line
.125 -2.38 -2.09
(2.06) (2.11)
.250 -1.09 -1.15 0.56
(2.05) (2.20) (2.19;
.375 -1.32 ~0.62 X 0.9 1.41
(1.81) (1.78) (1.24) (1.97)
. 500 -0.94 -0.2v * -0.06 1.29 2.47
(2.11) (1.38) (1.75) (1.7%) . 2.29)
. 625 0.62 0.32 1.29 1.85
(1.85) (1.34) (1.15) (1.80)
.750 0.71 0.85 1.85
(1.72) (1.54) a.11n
.875 1.76 1.62
(2.04) (2.00)
1.000 0.79 )
(2.26)
Summary Table
.125 . =1.41 ~0.21
(2.18) (2.18)
250 -1.09 -0.38 0.74
. (2.72) (1.91) (2.36)
375 -1.03 -1.03 0.29 1.26
_ (2.55) ‘ (2.02) (1.49) (1.82)
. 500 ~1.44 -0.7 0.24 1115 C 2.4
(2.37) (1.87) (1.06) (1.65) (1.87)
625 ~1.68 -0.06 1,03 1.24
(1.74) (1.55) . (1.54) (2.38)
.750 -0.29 0.50 1.62 !
(2.01) (1.54) (1.97)
, .875 0.38 0.9
(2.26) (2.12)
%2‘ 1.000 0.50
(1.74) 43

R
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Table &

Means and Standard Deviations (in Parentheses) of Subjects' Ratings
Under the Broken and Unbroken Time Line Conditions of Bxperiment 3

p(B/T) - p(8/F)

p(B) -1.00 -0.75 ~0.50 -0.25 0.00 +0.25 +0.50 +0.75 +1.00

Broken Time Line

.125 o -1.64 ~0.48 n
(1.98) (1.98) .
.259 -1.36 : ~0.28 0.96
(1.62) (1.37) (1.56)
.375 -0.96, 0.36 0.56 2.24
(2.09) (1.16) (L.17) 1.77)
.500 -2.12 : 0.16 0.36 1.60 3.80
(2.63) . (0.83) (1.32) (1.36) (0,98) |
625 . -0,60 0.52 1.68 - 2.08 |
) (1.96) (1.02) . (3..26) (1.57) i
.750 0.12 1.12 1.92
(1.39) (1.34) (1.44) )
.875 0.84 1.52
(L.41) (1.47)
1.000 0.24
< ' {0,86)
Unbroken Time Line E
T s i ——————— — m
125 ~1.48 -0.52 )
(1.16) (1.65) »
' : .250 ' -0.60 ‘ -0,60 0.88 D
(1.94) . (1.72) (3.63) < |
.375 -0.92 ~0.48 0.40 1,46 3
(1.85) (1.10) (0.94) (1.31) ;
. 500 -1.16 6.00 0.08 1.52 3.48 5 o :
(1.78) (1.36) (1.49) (1.45) (1.42) e
.625 0.20 0.12 1.28 2,24 o :
(1.39) (1.27) (1.22) (3.24) 8 |
; .750 \ 0.44 0.60 2.12 o ;
5 {1.39) (1.20) a.11) L, |
‘ 873 1.28 1,48 ol
- (i.46) (1.58) )
. s 1,000 0.92 R
b~ QO ' (1.90). 45
ERIC e e S - i




Means and Standard Devistions (in Parentheses) of Subjects' Ratinge

Tabie

5

in the Four Conditiona of Experiment &

p(B/T) - p(8/T)

p(B) -1.00 ~0.75 ~0.50 ~0.25 0.00 +0.25 40,50 40,75 +1.00
\ Line
125 ~1.93 -0,78
. (1.97) (2.27)
.250 ¢ -0.78 -0.55 1.15
(1.84) (1,72) (1.77)
.375 ~0.98 ~0.45 0.70 2,13
(1.93) (1.73) (1.99) (1.60)
.500 ~1,28 -0.25 0.05 1.58 3.45
: (1.95) (1.32) (1.53) (1.53) (1.16)
625 0.45 0.25 1,23 2,25
(1. 84) (1.32) (1.33) (1.32)
.750 0.55 0.55 1.60
(1.99) . (1.72) (L.77
.875 0,60 1.83
(2.30) , . (1.686)
1.060 0.68
(2.08)
Line-Interval
125 ~2.33 -0.33
{1.52) (2.04)
.250 ~2.10 ' ~0,58 1.48
(1.69) (1.46) (1.38)
.375 ~-1,801, * 0,69 1.28 2,60
(1.93) (1.26) (0.89) (1.02)
.500 -2.55 -0.80 0.63 ‘ 1.70 3.80
(1.48) (1.31) (1.07) (0.95) - (0.64)
625 ~0,15 0.23 . 1.15 2.70
(1.73) (1.15)° (1.11) (0.81)
.750 0.63 0.63 2.13
{1.20) {(1.09) (1.05)
.875 0,80 2.08
(1.68) (1.49)
1.000 0.20 4%
(1.42)

%4
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Tasbie 5 (continued) .

\| , p(B/T) - p(B/TF) ) -
N p(B) ~1.00 -0.75 0. 50 -0.25 0.00 +0.25 +0.50 +0.75 +1.00
’ Line~-Table o '
.125 -1.90 ~0.70 _
(1.39) {1.91)
250 -1.60 . ~0.63 0.58
(2.31) (1.43) “w  (1.50)
.375 - -2.48 -1.30 0.50 2.20
' (1.60) (1.27) (1.10) (1.49)
.500 ~2.28 ~0.88 0.20 1.63 3.68
: (1.79) e (1.35) {0.90) (1.70) - (0.98)
. .625 -0.73 0.08 1.23 2.70
(1.57) (1.23) (1.21) (1.38)
750 , -0.05 0.43 2.08
) : (1.52) (1.28) (1.44) ]
.875 \ 0.33 1.68
P (1.54) (1.47)
1.000 - ‘ 0.20
y {1.40) >
Table !
175 | ~2.03 20.25 5
(1.42) (1.76) g
.250 - -1.90 -0.38 0.68 &
| (1.76) (1.35) (1.79) 5
.375 -2.20 ~1.20 0.53 1.93 -
(1.4%) (1.31) (1.40) (1.99) 8
.500 ~3.00 e -1.73 - -0.03 1.65 3.10 g
(1L.67) (1.28) (0.4 (1.35) (1.77) B
.625 ~1.83 ~0.70 1.20 2.78 .
(1.72) (1.10) (1.03) (0.88) N9
.70 -0.53 0.58 . 1.98 o
(1.76) (0.92) (1.35) . g
.875 -0.43 1.58 &
(1.56) (1.20) »
1.000 0.35 B
. (1.26) e
e B et e i o T —— . — ———— — . o
; _ 49 @
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Figure Captions
‘Figure 1. The 24 different response-outcome pr.blems on the coordinates
p(B/T) and p(B/T). The top portion locates the nine different response-
-outcome contingen ies, p(B/T) =~ p(Bff), on the -unit square; the botEpm portion
iocates the eight different outcome probabilities, p(B). See text for addi- -
,tional explanation.
Figure 2.~ Contingency-judgment functions (left) and probability-judgmua%

o
1,
functions (right) in the within~ and ber-*e-a-subjects parts of Experim2nt 1.

Figure 3. Concingency—judgm%nt functions (left) and probgbility—judgmen;
functions (right) under the time line and swmmary table formats of Egperiment
. :

Figure 4. Contingency-judgment frnetions (left) and probability-judgment
functions (right) under the broken and unbroken time line cunditions of Experi-
ment 3. |

Figure 5.  Contingency-judgment functions (left) and probability-judgment

functions (right) under the four experimental conditions of Experiment 4.
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