T e A sy e e A i

- ~Judging EthtJEavafiétiﬁﬁé'_ o
10
limitations, In addition, subjects will be aséed to identify the best
rule among our set of proposed strategies.

Subjects for this experiment will be male and female college students,
since our past research suggests that this age group should provide sub-
stantial numbers of a versus b, sum of diagonals and conditional probability
judges: Sex of subject will be considered as a factor in che design in
light of ¢~mmon findings of sex differences in math skills among-adolescents

and adules (e.g., Maccoby & Jacklin, 1974),

Method

Subjects

Subjects in che experiment were scudencs in an introductory psychology
class who participated in ghe experiment as one option in fulfillmentc of a
" course requirement. Subjects ranged in agé from 18‘to 32 yearg, with a'mean age
of 19.42, sixty-two female and 54 male students participaced.
Problems

Subjects judged a set of 12 covariation problems, structured so that each
of four judgment rules would produce a distinctive judgment pattern on a problem
set. Table la lists ghi actual problems used. The 12 problems include tﬁree
problems for each of the four strategy types. One noncontingent and two
contingent relationships are included for each strategy problem type.

Twelve different problem concents were developed, each of which
consisced of a sar of observations picturing one of two staces for tweo
potentially related everyday events. Threae prob}ems pictured bakery products
which either rose or fell in association With the presence or absence of

veast, baking powder, or a '"special ingredient." 1In three other problems,

plants were pictured as healthy or sick as a possible function of the presence
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Rationale

. A much neglected area of research in mathematical reasoniné‘is
that of children's understanding of statistical concepts. Statistical
problems, however, do stand as prime areas for application of mathematical
training. In particular, statistics are necéssary for identdfying
predictability'in an envirouasent where relationships ate freauently
probabilistic (x is more likely when y is present) rather than deterministic
(x always occur when y is present). Problems such as these are common
in identifying regularities in scientific phenomena, and in everyday
contexts as well. In this respect, statistics provide a key link
between basic mathgmatical concepts and central aspects of scientific =
and everyday problem solving. .

As an area for application of mathematical training, research on
statistical reasoning may also be informative about children's ability
to apply their mathematical skills appropriately. Central to probabilistic
reasoning is understanding of ragios and fractions. Since a prebability
is a ratip between two frequencies, probability assegssment requires
that a person be able to identify the relevant frequencies and calculate
the ratio between them. Thus, researcn in statistical reasoning
should prove profitable in understqndinguchildren's acquisition of
basic skills as well as their ability to use those skills in applied
settings. .

Reasoning such as this underlies the call of several educators
for development of training programs to Iimprove childrer.'s understanding
of statistical concepts (e.g., Harvey, 1975; Cambridge Conference on
the Correlation of Science and Math in the Schools, 1969). Research
ip this area 1s critical for developing and testing such curricula in
probability and statistics (e.g.. Shepler. 1969; Kurtz & Karplus,

1979; Ojeman, Maxey, & Snider, 1965 a & b) for children in the elementary
through high school years.

The focus of existing research in this area has been on children's
probability judgments. Early work by Piaget and Inhelder (1975)
indicated that full understanding of probability was realized by
adolescence. Subsequent work by other investigators iudicates that
younger children evidence some preliminary concepts of probability
(e.g., Fischbein, 1975; Yost, Siegel, & Andrews, 1962; Goldberg,

1966}, and that training is effective in improving their judgments
(Ojeman, Maxey, & Snider, 1965 a & b; Shepler, 1969; Dunlap., 1980).

A statistical judgment more common in causal reasoning builds on
probability. assessments of this sort. An individual Investigating the
relationship between potential cause x and effect ¥ would compare the
likelihood of x occurring when y is present P(x/y) with the likelihood
that x occurs without ¥y P(x/¥). The two events are independent if B
these conditional probabilities are equal; nonindependence is indicated
by any difference. The comparison i{g made.to identify contingency »r
covariation between events, Scientific procedure and statlstical .
analyses testify to. the key role of covariation analvses in ptofessional
practice. Although not sufficient for causal inference, covariaticn
is a necessary condition between cause and event. Many psychologlsts
farther assert that everyday causal judgment is similarly based on a
covariation analysis (e.g., Michotte. 19¢3; Inhelder & Piaget, 1958;

Kellevy, 196?.; Heider, 1958). That is. peuple search for ltikelv
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explanations of everyday events by identifving event covariaes. Thus, -
competence at covariation judgment may determine 2 person’s adequacy at
identifying real world cause-effect' relationships.

Unfortunately, research investigating people s competence at judging
covariations between events has resulied in a mdze of contradictory
results. ,In theybasic paradigm, subJects are presented with data instances
illustrating one mﬁf two event states (e.g., presence or absence) for
each of two events. The subject's task is to identify the direction
and/or strength of the relationship between the events. Inhelder and
Piaget (1958) and Seggie and Endersby (1972) each found accuracy to be
the norm among adelescent and adult subjects identifying such relationships.
Others (e&.g., Niemark, 1975; Smedslund, 1963;.Jenkins & Ward, 1965; Adi,
Karplus, Lawson, & Pulos, 1970) have found full Eompetence to be rare
among populations comparable in age and expertise A

While Che evidence indicates that covariation judgments ara often
erroneous, those judgments may be rule—governed nonetheless. Specifically,
subjects may evaluate relationshtips according to a variety of rules; ,
each of' which should produce a characteristic performance pattern. Fours
rules are proposed as possible judgmept strategies. The rules are discussed
in terms of possible relationships between two events (A and B), each of
which occurs in one of two states (1l and 2). Possible combinationg of
those event states are illustrated in Table 1. .

. Least sophis&;ggggﬂ of the proposed strategies is judgment according
to the frequency which the target events cooecur (A,B , cell a in
Table 1), failing to consider joint event nonoccurrences ( s contingency
table cell d) in defining the relationship. A subject using ghis strategy
would identify a positive relationship between A, and B if cell a
frequency was the latgest of the contingency tabie cells, a negative
relationship if it was the smallest (cell a strategy). Thig strategy is
identified by Inhelder and Piaget (1958) as common among younger adolescents.
Smedslund (1963) suggests that the strategy is typical among adults as
well. The strategy does consider some relevant information and may
result in better-than-chance pérformance. However, the rule is a limited
one, and would be especially hmisieading when there is a lafge'difference '
between frequencies -in contingency table cells a and d.

A much improved approach would be the strategy def ined by Inhelder 3
and Piaget (1958) as characteristic of formal operational thinking.
Specifically, covariation would be defined by comparing frequencizs of
events confirming (cells a and d) ‘and disconfirming (cells b and c) the
relationship. Thus, the rule 'would compare the sums of the diagonal
cells in the contingency tabléb(Sum of diagonals strategy). Jenkins and
Ward (1965), however, suggest that this strategy has its limits as wellyl
Specifically, the rule is an effective index only when the two statessof
at least one of the variables occur equally often. Otherwise, a correlation
may be indicated when, in fact, independence is the case.

Instead, Jeakins and Ward (1965) suggest that covariation is more
appropriately evaluated by comparing the probability of event A, given
event B, P(A,/B ) with the brobability of A, given that BZ has occurred
P(A /B }. Tgis 15 equivalent to a comparison of the frequency ratio in

b
Tahle 1 cells "‘”‘Wlth tnat in cells Parwp By definition, 1ndependence
is indicated by équivalence hetween tkeae conditional probabilities;’
non~independence is indicated by any difference (conditional probability
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stratsgy). This is the most sophisticated of our proposed strategies
and. should résult in accurate judgment of any contingency problen.

. Thus, four alterndtive Strategies were proposed to.account for
subjects' judgment patterns. According to the analysis a subject s
error rate should depend on the-particular correglation problem he or she
is judging. Problems could be identified which would be accurately
judged by all four -strategles. Alternatively, error rates may be high
on problems solved only by the more general strategies.

< This analysis suggests a _powerful tool for identifying strategies
actually used in covariation judgment. pSince different rules produce
. \\\\\different judgments, covariation problems might’ be identified ywhich
buld differentiate between those ruleq. 1In fact, careful structuring
Of a problem set would allow us to identify the specific stradtegy a
o Subject is using. ¢ ,
A set of such problems is illustrated in Table 2a. Problems are
structured hierarcuically such that call a probleyévare correctly solved
by all strategies; a versus b problems are correctly solved by a versus .
b, sum of diagonals and conditional probability strategies. Sum of
diagonal problems will be accurately judged by sum of diagonal and
dofiditional probability strategies. Conditional probability problems -
would bg correctly solved by the conditional probability strategy alone.
Solution accpracy is indexed by the direction of the judge& relationship
(i.e., Al more likely given B, 9» OT nO difference). A ’subject's
solution pattern on the set o} prnblems indicates the strategy used.
Problems on the first row of Table 2a jllustrate judgments predicted by
dach of the proposed rules All problems in the row 1n&nba:e relationships
i in which A, 4s more likely given B, than given B However, an individual
using the cell a strategy would ju&ge only the f%rst problem as such a
relationship (cell a is the largest of the cells). A person using the a
‘ » versus b strategy would accurately Judge the first two problems in the
row, but would say that A, given B is ‘as likely as Al given B2 in the
third problem (4-4), and %hat A wgs less likely given B, thean B, in
the last problem (2-12). The sim of diagonals rule woulé result"in the
correct judgment of the first three problems, but would say that A, was
as likely to occur with B, as with B on the last problem (2410}~ (}2+0)
A subject using the condiéional probability rule should accurately judge
alg of the first row problems. An individual's solution pattern on the
problem get would index the strategy he or she is using. Table 2b
identifies the solution pattern congruent with each strategy type. The

- probabilicty of matching these judgment patterns by chance alome is .1l
3 ' for cell g, .04 for a versus b, .0l for sum of diagonal and .005 for the
conditfonal probability patte¥h.

In two experiments, Shaklee and Tuckgr (1980) employed this diagnostic
approach to identify judgment rules of 10th grade and college subjects.
Subjects judged relationships in three ptoblems for each proposed 8trategy
k type. Each problem consisted of 24 instances in which event states were
defined for two events. Problems were set in contexts of everyday
events (e.g., cake rises or falls at high or low temperature; plants
healthy or not healthy which do or do not receive plant food). Subjects'
performance indicated general conformity to the strategy set. Congruence
with the cell a strategy pattern was frequent among the high schocl
{ subjects (17%) but rare in tte college sample (1%). Response patterns
matched that of the a versus b strategy for 197 of the college sample
(use of this strategy was not tested among the high school sobjects)‘
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Judgment patterns were congruent with the conditional probability strategy

for 17% of the high school subjects and 29% of the college sample. 1In i

each experiment, the modal response pattern conformed to that of the* sum

‘ of diagonals rule (34% of?the college subjects, 41% of the high school

subjects). Thus, overwhelmingly, subjects demonstrated at least some -

sophistication about appropriate covariation judgment. However; the

optimal judgmeRt rule was used by a minority of subjects in the two

samples. ’ .
Thesa initial investigatlons Jemonstrate the general success of

our rule diagnostic approach. Subject judgment patterng indicated

strong intraindividual consistency in rule use. Furthermore, the varie:y

of rules evident in these results suggest that characterization of group v

judgment by any single rule would be inappropriate. As with all rule

modeling, congruence with a rule pattern requires caytidus interpretation.

. That is, a solution paftern conforming to one of the predicted patterns

could be the product of an alternative .rule which pruduces judgments

isomorphic with the proposed rule. Howgver, congruence with a given

pattern does clearly identify the other proposed models as poor ¢haracterizations’

of the judgment rule. At the same time ?obtained.judgment patterns

severely limit the ‘pool of viable alternative models. ‘
This. rule index offers an informative method for the study of deqelopment £

in judgments of. event contingencies Part cularly useful is the possibility

of identifying specific judgment rules whic& might be precursors of more

Me

~

mature judgment competence. - The steps in olr strategy hierarchy may
reprgsent a developing sequence of Increasingly sophisticatedsrule use.

. In fact, two-of our proposed strategies, cellia and a versus b, are
‘specifically identified by Inhelder 4and Piaget, (1958} as characteristic
of younger adolescents. The two 1nvestigators\suggestg§ that younger
subjects would fail to appreciate the relevence\of joint nonoccurrences
of the target events, (contingency table cell d) ' in defining relationships.
between event states, our cell a strategy. It wds also QP%gested that
these subjects might compare this frequency of QVEﬁk coocguirences with'
the frequency with which one of the events occurs S without the other one -
(contingency table cell b), our a versus b strabegy. The sum of.diagonals
strategy was believed to devblop in later adolesc nce, a. the formal
operational stage of developmert. Our rule dlagn tic apprdach should
allow us to track such shifts in strategy use.

Shaklee and Mims (1981) tested college subjects and children in
: _ 4th, 7th, and 10th grade on ‘the diagnostic problem set. Again, results
: indicated a close congruence between actual and predicted judgment
; patterns. A significant developméntal tr¥end demonstrated shifts toward
- the use of increasingly accurate rules between the 4th to 10th grade age . ~

span. College subjefts' judgments' were not significantly different from

those of 10th gradegs. Judgment patterns matched the a versus b strategy

for sizable groups of subjects at all ages (21% of the college subjects,

23% of 10th graders, 25% of 7th graders,.29% of 4th graders). Sum of
: diagonals patterns were rare among 4th graders (17%), but common among
: the older subjects (38% of college subjects, 50% of 10th graders, 507 of

7th graders). Conditicnal probability judgment patterns were rare until
‘the 10tH, grade {0% of 4th graders, 4% of 7th graders, 27% of LOth graders.

* and®38% &f college subjects). Few pecple at any age level evidenced cell )
. ' a judgment patterns. :

i . 5 . + ’




‘two?), while other subjects were asked about thé likelihood of an outcome

3 i

3,

Relets of this developmental study suggest that developmei"lt of
covariition judgment may Ye best conceptualized as a serieg of approximations
to optimal rule.use. Early rules may afford better-than-chance performance
although they are restricted in utility. With increaeing age, subjects
shift to more generally accurate rules. However, even amdng mature
subjects, optimal rule use is evidenced by a mincrity of subjects. ., v
A final question of concern is the stability of judgment patterns ’
acros$~judgm nt conditions. Qur research indicates that close congruence
between subjgbts’' judgments and those predicted by our rules is maintained
across a variety of conditions. In past work, we've varied the form in
which the frequency information was presented, using individual daté?
instances pictured'on 5 x 8 cards (Experiment 1, Shaklee & Tucker, -
1980), and sets of data lnstances pictured in a 2 x 2 table, (sécond
experiment, Shaklee & Tucker, 1980; Shaklee & Mims, 1981). Most recently -
with collage subjects we've presenced the frequency infermation in '
numerical form. In all cases 85%-90% of subject records conformed to
one of the proposed rules. Additionally, we've manipulated quesnion
form (Shaklee & Tucker, 1980, experiment 2) fn testing rule use. In,one
experiment, some subjetts were asked about the association betweeff the" 3
evenrs {e. g ‘does plant health' tend to be associated with getting pldht N
foodl not getting plant food, or is there no relationship between the -

”-

given the two possible states of the other variable (e.g., rvere plants -
who pot plant food more likely, less likely, or equally likely to get
well/ as plants who received no plant food). Subjects' judgments indicated
that accuracy was higher in the latter response condition, but judgments
were £qually likelv to match the rule patterns in the two conditions. ‘
Finally, we conducted a pair of experiments to test rule use of
college students making contincency judgments under memory load conditions
(Shaklee & Mims, 1982). Sin.e everyday covariation judgment must rely
on recall of past frequency information, we were interested in rule use.’
under more comparable conditions. Frequency informatlon was presented
in slides, each of which showed one combination of event states on the
two variables. The instances in a given covariation problem were shpwm
sequentially to subjects. In one condition, subjects ctabulated frequencies
as the glides are shown. In a memory condition, they estimated. the
frequencies after all of the instances had bazen shown. All subjects .
were asked to judge the contingency between the events once the slide
sequence was shown. Subjects in the memory condition were significantly
poorer at frequency estimates and also used simpler, less accurate Tudles
than subjects in the no-memory condition. In 2 second experiment,
subjects "asked to remember distractor inforgation in addition to the .
event frequency Information showed more inaccurate estimatés of event ¢
frequency information and Gse of simpler judgment strategies than subjects <
in a condition comparable to our prior memory condition. These two .
exper iments indicate that covariation judgments under memory load conditions
are substantially worse than those of subjects free of such memory
demands.
»In sum, the data from several studies indicates that a cargefully
structured problem set can be profitably used to indicate strategies
underlying judgments og covariations between events. Such judgments are -
particularly 1nteﬂEst1ng since they build so directly on the basic
mathematical understanding of ratios and fractions. That is, people

S
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* assessment in causal judgment, the evidence suggests that naivk caugal

y /bursist for the majority of people @yen at the' college years.

Maxey, & Snider, 1965a & b; Shepler, 1969; Dunlap, 1980). Since covariation

making covariation judgments should be comparing two conditional prababilities’,
each of which is a ratio between two freqbencies. Quf evidence inditates.
that substantial-use of such a stﬁategy doesn’'t occur until the 10th
grade, and then by.only & minority of thg subjects. This evidende is
congruent with other research indicating that problems in application of
ratio concepts are common among adults as well as.children (Karplus & '
Peterson, 1970; Kurtz & Karplus, 1973; Capon & Kuhn, 1979). M
Our results have further implications for gtatistical reasoning as
a key link between math and science. Given the key role of covariation ~#~ .

judgment may suffer from serious biases. That i, use of less-than~ L
optimal+judgment rules may result' in erroneous perceptions of relationships
between attually independent events, or failure to notg relationships
between events which are, in fact, related. The data further indica:ze

that judgment'prob%ems may begin at 4th grade, when,%pildren begin to
evidence reliable strategy use. Such limited rules should be particulariy
problematic as childfen enfer the more advanced scientific training
programs of junior.high and high schocl. Children may make progress in
rule use during those adolescent years, but Bigsed judgment patterns

most subjects testgd, those strategies may be™Fubject to remediation.

In fact, one of ou¥ | revious experiments (Shaklea & Tucker, 12§0)-
indicates thag training may indeed improve performante. This experiment
incorporated tqutypes of training: concept training and sort instructions.
Half of the,subﬁéfts in thié experiment began their. sessions with a ‘

While the evi%gnce clearly idenkifies strategy limitations among

discussion of event vovariation$, citing covatriates common to everyday
lifg .and clarifying variariéns in direction and strength of relationship.
Comparison subjects received no such #nstruation. Crossed with this
manlpulauion were instructions to sort the data instances (presented as
decks of 5 x B-cards) into a 2 x 2 matrix. Comparison subjects werk not
so iastructeld. Although sort instructions had no.significant effect
(half of the subjects knew to sort the data without being instructed to i
do so), ¢ neept training did significantly Iimprove judgment accuracy ﬁ
While the eVidence indicates that training may be effective in mediating
*cov@riation Judgment; the flnaing i$ somewhat general. More informative
would be an approach which devalqps interveﬂtions specific to strategy *
levels.

Further evidence of the potqgtial effectiveness of training such -
judgments comes from related work in probability judgment. Research by
several investigators indicates that training improves probability ;
judgments among children from lst grade through 6th™grade (Ojeman,

judgment is a comparison between probabilities, this research bolstered
our expectaticn that training would be effective in improving rule use
in covariation judgment as Well,

Grant.§upported Research

This program of research included 2 sequence of eXperiments designed
to examiﬁe the effects of training on covariation judgment. That series
began with studies to identify subjects’ own understandings of their
rules and sources of individual differences in rule use. The remaining
experiments focus on qQueszions about the trainabillty of those ludgments.
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Since all'eiperiments employed the same rule analytic approach, the .
strategy index will first be described in detail. Discussion of specific
experiments will follow.

.
L4 [t
- " . ’

Rple Analytic Instrument

.
- b

Problems. Each subject's judgment strategy is identified through .,

his or her solution to 12 different govariation problems. eacﬁ“set in

the ‘context.of everyday events. Twelue different problem coptents were
developed, each of which consists of a“set of observations pieturing one
of two states for two potentially. related everyday events. Three problems _ A
picture bakery Productsthﬁich either rose or fell in association with {

the presence or absence of yeast, baking powder, or "special ingredient.f{
In three othér prvblems, plants are pictured as healthy or sick as a
possible function oﬁ_presence or absence of plant food, bug spray, or

"special plant medicine.”. In three problems people (or animals) are

pictured as gick or healthy as a possible function of presenceror absence < .
of a shot, liquid medicine, or a pill., The remaining thtee problems W

picture'a possible association between space creatures' moods (happy/sad} S
and the presence or &bsence of one of three weatﬁer conditions {snow, N

\

fog, or rain)’
For each problem, data instances are pichred in a 2 x 2 table.
Example frequenciés used are listed in Tables 2a and 3. Tapled frequeqfles
indicate one noncontingent and two contingent relationships for each .
strﬂtegy problem type. Directicn of lelationship (A, more likely given |
or no difference} is counterbalanced across subjeets for each ™ :
p%oblem content. 7 . ! ? *
Each problem is introduced with a paragraph describing a context Jin
which several observations were made on two potentially reldted variables.

e

4
Subjects are asked to look at the pictured information and identify the ' \\\'
relative likelihood of one of the events when the second event was
either present or absent., 6 An exampie problem: 3 R .

’ . . .
Spacemen from Earth landed on another planet and' found
creatures called the block-heads. -They wanted to see what S
block~heads were like, so they watéhed them closely., Eve.y
b Saturday Ehey would look® outside. to _check the wgather and e
’ see. how the block—headp were doing. Sometimes it was
snowing and sométimes it was not.. Sometimes the block-heads
ware happy and sometimes they were not. In the picture
you will see how many‘times each of .these tnings happened - . v |
together. . The picture indicates that when it was snowing
block~heads were: ° . S

3 N } .

{circle oaé€) a) more likely to be happy than N :
b) just as likely to be happy as b . ‘g
c) less likely to be happy than ) ]
when it was not snowing. . o N

+
.

A similar paragraph and response form was developed for each‘problem

content. 1In each case, subjects indicate whether A, given Bl was more
likely, just as likely? or less likely #han %1 give BZ.
* 9 LY
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Problems are gro*ped in blocks including a problem of each of the,
four strategy types. Ovder of problems within blocks is random, The
three problem blocks are then sequenced in one of two orders and stapled
together to form a problem booklet. _

I~“tructions. Instructions introduce the concept of covariation in
the context of "things which tend to go together." Real world examples
are given of positive relationships (il.e., tall people are more likely
to be_heavy than short people), negative relationships (i.e., it ig less
likely to rain when the sun is shining than when it is cloudy), and
unrelated evencs (i.2., a green truck is just as likely to rum out of
gas as a red truck). Subjects are told that they will do some problems
about hypothetical events that may or may not tend to occur together. A
sample problem is used to explain stimulus materials and problem format.
Subjects progress through the problems at their own pace and are encouraged
toc use scratch paper if needed.

Scoring. An individual subject's performance on the four problem

\.strategy types determines his or her rule categorization. Subjects are
said to have passed criterion for any given problem strategy type if
they accurately judge at least 'two of the three problems of that type.
Table 2b lists the judgment patterns congruent with each of the proposed
strategies. Subjects comparing conditional probabilities should pass
c¢riterion on all problem mwvmm. Subjects using the sum of diagonals
strategy should fail dn conditional proababllity problems alone. Subjects
comparing cell a and b frequencies should judge cell a and a versus b
problems correctly, but fail sum of diagonal and conditional probability
problems. The cell a strategy should result in correct judgment on cell
a problems alone. The probability of meeting each of thése criteria by
chance alone is .1l for cell a, .04 for a versus b, .01 for sum of
diagonal, and .005 for the conditional probability strategy. People who
pass no criteria are labeled strategy 0. Records matching none of these .
patterns are labeled unclassifiable. Since problems are struc ed
hierarchically (see Table 2b) subject's solution patterns should conform
to a Guttman scale, Past evidence in our own research has indicated
.MHOmm nozmwcwsnm to the Guttman patt2rn (coefficient of reproducability
= .93 - .97). ) . {7
Experiment 1: Methods of Assessing Judgment Strategies
(See Appendix A fgr a detailed description of this experiment)

Thus far, we've developed our own characterization of children's
rule use based on their performance on our problem set. We further
evaldate those rules on the basis of the generality of their solution
accuracy. A useful supplement to our own categorization and evaluation
"of these schemes would be information about each subject's own understanding
and evaluatgon of his or her rule use.

The most direct approach to such information would be to interview
the subjects about the strategies they're using. Interview responses
could then be compared to performance patterns to note the degree of )
congruence between the two. Subjects’ verbalizations may or may not
match _heir performance patterns. In fact, a variety Jf research in
psychology suggests“that subjects' explanations about their judgitent
rules frequegtly do not match actual performance patterns. In development
research in particular, young children's poor verbal skills may hinder
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their account of systematic judgment bases, Thus, verbal accounts
frequently underestimate judgment competence -in research with children
(Brainerd, 1973; Bullock & Gelman, 1979; Goldberg, 1966). Research with
adults, on the other hand, indicates that subjects' explanations often
overestimate judgment sophistication. BRoth expert and nonexpert

judges (Goldberg, 1968; Nisbett & Wilson, 1977) describe themselves as
using complex rules that bear little resemblance to the more simple
patterns of their actual performance.

In order to investigate rhese relationships college subjects yere
tested with the rule analytic problem set described above, After each
covariation judgment, subjects were asked to rate their confidence in
the accuracy of their judgments, Once the problem set was completed,
subjects were asked to explain how they solved the last problem in the
set (stated strategy), to choose which of our proposed four rules was
most like theirs (model choice), and to identify which of the four rules
was the best one (best strategy). Each subject was tested and interviewed
individually,.

Results showed that problem difficulty level differed as a function
of problem type, with mean accuracy decreasing as one moves up the
problem hierarchy irom cell a through conditional probability problen
types (see Table 2, Appendix A for means). This pattern of problem
difficulty replicates that seen in all of our previous studies,

Subjects' confidence in their judgment accuracy also decreased as problem
difficulty increased, indicating that subjects show at least some insight
into the lirits of their judgment rules. Miles were more accurate than
females in covariation judgment, although there were no sex differences
in confidence ratings.

- Judgment-based strategy classifications were determined as described .
above, Most frequently occurring were judgment patterns congruent with
a versus b and conditional probability rules (36.2% and 31.9% of the
samples respectively). Cell-a and sum of diagonals classifications were
less common (5.2% and 15.5% respectively). Males showed use of more
sophisticated strategies than females (see' Table 3, Appendix A) in a
pattern parallel to that found for judgment accuracy.

Subjects' interview responses were compared to judgment-based rule
classifications. Correlations were significant between Jjudgment-based
and both stated strategy (r = .58) and model choice {r = ,45) measures.
However, examination of subject classifications shows that Jjudgment-
explanation agreement wag substantially higheg, for conditional probability
subjects (97%) than for the other strategy grwdps (24% for other groups
combined), suggesting that some subjects knew more about what they were
doing rhan others, Subject's choices of the best rule were found to be
reliably more sophisticated than their descriptions of their own strategy
(by model choice measure}. ’

Overall, these results suggest that self-report may be a weak data-
base for research on covariation judgment. In particular, self-report
may be a poor method for diagnosing sources of error in covariation
judement. Qur finding of strategy classification differences in self-
report accuracy are somewhat ironic from an educational point of view.
That is, the students best able to report their problem solution methods
would be tho. who are most accurate in judgment and, hence, need help
the l:2ast.

Experiment 2: Predictors of Rule Use Among College Students

Our consistent evidence throughout all of our work indicates that
most subjects of a given age use a systematic rule, but that those
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different rules vary substantially in sophistication and likely accuracy.
We undertook a second major study with college students to try to identify
sources of these individual differences in rule use. As a problden in -
applied mathematics, we expected that sophistication of strategy use may
be related to background, aptitude, and/or.interest in math. Subjects in
this experiment made covariation judgments on the 12 problem sets
described preriously, then responded to several questions about their
math background and interest (see Appendix B for complete list of questions).
Questionnaire items were grouped into summary variables, including
mathematics background (questions i, 3, B and 17), advisors’' attitudes
toward the subject's participation in math courses (questions 6 and 11),
the subject's self-rated mathematical ability (questions 2, 4 and 9),
interest in mathematics (question 14), and perceived usefulness of
mathematics (question 15). In addition,, subjects' ACT scor-: were
obtained as potential predictors. Table 1 in Appendix B lists the
intercorrelations between these variables and subject's overall judgment
accuracy and strategy use. We were quite surprised to see that nome of
these variables were reliably related to covariation judgment. In view
of the large sample size (97 females, 89 males) we regard low power to
be an unlikely account of these null effects. Rather, these findings . _
suggest that users of less accurate rules have the math background and
competence for more advanced rule use. Even our most advanced rule may
require math ability simple enough to be in the competence of nearly all
college level students (i.e., comparison of two ratlos). Those judges, .
however, may differ in their ability to apply that knowledge to the
judgment at hand.
We also took this opportunity toe further H=<mmnﬁmmnm our previous
findings of sex differences in rule use. Again, we found that males
were reliably more accurate than females in covariation judgment and
that they tended to use more advanced judgment rules. Males also m
reported more exten: e math backgrounds than females. This suggested
that the sex difference in strategy use may be a function of differential
math training. However, we found that the sex differences in covariation
judgment were presevved even when math background was used as a covariate.

Experiment 3: Modifying Procedure For Use With Younger Subjects
(See Appendix C, Experiment 1, for detailed discussion of this study)

Our previous developmental study (Shaklee & Mims, 1981) was generally
successful in characterizing systematic strategy use by subjects at the
various ages tested. The one exception to this claim is the fourth
grade sample, where nearly half of the children were not categorizable
as using any of our proposed strategies. These unsystematic strategy
users were labeled Strategy O (failed to pass any problem types: 217 of
the sample) or unclassifiable (passed strategy types in an unpredicted
pattern: 25% of the sample). Given such high rates of unsystematic
judgment we must consider the poecsibility that these children were
simply confused by the procedure. Stimuli and terminology suitable for
the older children in the study may have been over the heads of these
youngest subjects. If so, the fourth graders may not have been able to
demonstrate the strategies within their competencies.

In view of this concern, we modified the procedure considerably to
make it more appropriate for use with vounger children. Our modifications
centered on two major aspects. First, we wondered if these voung children
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were confused by the tables indicating event frequencies. As a result,
we expanded cur introduction of the tahled information on two practice i
problems, discussing the contents of each tahble cell and checking comprehendion
by asking the children to point to table cells with particular event-

state pairings. We also wondered if our covariation judgment question
was excessively complex Syrtactically. Thus, in our revised procedure,

we modified the question to read (using the blockhead problem cited B
earlier): ;
The picéture indicates that blockheads were more likely to be happy: .

a) when it was snowing i

b) when it was not saowing
¢} no difference

These modifications were made to make our problems more comprehemsible
to younger children. It turns out that we outdid ourselves in this
respect. Testing a new sample of children, nearly all of our subjects
were classifiable by one of our rules in the fourth grade, and a majority
of children showed systematlc rule use iirithe second and tnird grades.
Overwhelmingly, these subjects were classified as using the a versus b
rule (see Table, 3, Appendix C). Thu<s, thes. resultg indlcate that
systematic rule use is clearly within the competence of fourth grade
children, and is also common among second and third grade children. In
light of these findings this modified procedure was deemed more appropriate
for use with subjects in the elementary school years.

Experiment 4* Eliciting Reliable Rule Use
{See Appendix C, Experiment 2 for detailed discussion of this experiment)

Our modified procedure indicates that reliable rule use is common
at an earlier age than our previous evidence indicated, but we still see
that judgments are frequentl; unsystematic among second grade children.
As a result, we were concerned sbout the origins of systematic rule us
in judgiag covariation between events. Training paradigms are commonly
used by psychologists to identify sources of developmental trends. If
one can identify a training approach which leads an‘individuval to show
reliable rule use. contents of that tralning approach may indicate key
aspects of knowledge that result in the natural acquisition of the rule.
Of covrse, successful training indicates onlv one sufficient model of .
the natural developmental procass. The real life transition mayv follow
some alternative sufficient process,

We turned our atterntion to identifying origins of reliable rule use
among first and second grade children. We chose not to train children
in use of the cell a rule since it so rarély occurred naturally, Instead,
we developed training programs designed th elicit use of the a versus b
rule. r

Qur training approacn stemmed from our suspicion that the judgment
question itcelf focused children's attention on cells a and b of the
contingency table. Askad ff rlants are/more likely to be healrhy when
they get bug spray or when they donr't get bug spray, a subject may look
at those two event conjunctions {i.e,, healthy plants-bug spray; healthy
plants-no bug spray). We thought of *hi; a8 a problem of attention
direction, This was the reasoning beliind our Attention only condi;ion,
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where, on a set of & training problems, the experimenter asked the
subject to point to the event combinations mvmnwmnanH< mentioned in the
question and to count the number ¢f cases in each ¢f the two cells.
Subjects then made their covariation judgment. Subjects had mastered
this technique by the end »f the training problens.
A subject may also fail to use the a versus b rule because he or
she misses the comparative aspect cf the ncmmnwou i.e,, which is more
likely. A second group “of subjects were given the Attentien wsmnncnn»osm
on the training problems and, in addition, were specifically askéd which®
of the two cells had more cases in it. Subjzcts then made their covariation

judgments, Subjects also masterad this technique by the end of the
training problems. This group is the Attention-~plucs-more training
group.

A final group is a no-training contro} group, who judged the same 6
problems but were given no special instructioms.

Subjects included children in first and second grade. All subjects
were pretested to establish initial rule use. Unclassifiable, Strategy
0 and cell a judges were included,in the paradigm. Subjects were randouly
assigned to on of the three conditions.

Subject f:tigue prevented an immediate posttest of training effects.
However, all subjects did return a week later for a delayed posttest,
Subject's performancé at that time is illustrated in Table 5 of Appendix
C. Rates of improvement were at the same low level for Attention-only
and control subjects. This failure of Attention-only instructions may
implv that subjects at 'this age already know how to find the relevant
cel..,. However, the Attention-plus-more training did result in reliable
improvement at thedelayed posttest. Thus, we see that the comparative
aspect of the judgment may be a key obstacle to natural use of this
gimple rule by young Subjects.

Experiment 5: Eliciting Sum of Diagonals Rule Use

Having discovered that young children can use the a versus b rule,
we next attempted to elicit use of more advanced rules from older
subjects, Our first approach was to train subjects to use the sum of
diagonals strategy. This strategy is built on the notion that some
event combinations confirm a particular relationship between events and
that some combinations disconfirm that rule. For example, if bug spray
is good for plants, we should see many cases of healthy plants with bug
spray and unhealthy plants withou: bug spray. Healthy plants without
bug spray and c::mmwr:w plants with bug spray would be exceptions to the
relationship. Sum of diagonals training taught subjects that cells a
and d were good examples of a pusitive relationship and that cells b and
¢ were exceptions to the rule. Subjects learned that the reverse was
true for negative relationships. Subjects practiced pointing to the
cells with good examples and those with exceptions to the rule on each
of 6 training problems. Subjects also counted the number of cases in
cells a and b and in cells b and ¢ for the training problems. These
subjects then made their covariation judguents. A group of control
subjects made covariation judgments on the same problems without the
benefit of training. Training effects were measured in an immedfate
posttest and in a delaved test one week later. Subjects in the experiment
were 4th, 5th, 7th and 8th grade children whose pretest performance
showe’ use of cell a and a versus b rules.
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The results of this training experiment afﬁ shown in Appendix D,

Table 2. Note that unclass:fiable posttest subjects were not included

in the analyses. Trained subjects were significantly more likely to
show use of the sum of diagonals rule both at the immediate and at the
delayed posttest. This evidence indicates thdt subjects can indeed show
improved rule use with a relatively simple training procedure. These
training procedures were similarly effective among the younger and older
subjects in the sample. Our training in confirming and disconfirming
cases not only yielded better accuracy, but those judgmerts also conformed
to the pattern predicted by the sum of diagonals rule., This suggests
that this ®easoning may well underly rhe natural acquisition of this
rule in children's development. At a minimum, these trairming effects
identify one sufficient model of this developmental process,

Experiment 6: Eliciting Use of the Conditional Probability Rule -

Although all of our proposed rules may produce better-than-chance
accuracy in covariation judgment, the conditional probability rule will
correctly fudge any covariation relationship, As a result, it is a
matter of considerable educational significance tc investigate the
trainability of this rule. 1In view of the low incidence of. use of this
optimal ‘rule apr all ages tested, we should be especially motivated to
find ways to improve judgment accuracy,

Our evidence thus far indicates that the conditional probability
rule is the most difficult rule to train subjeccs to use. The subject
population for this study has included seventh and eighth grade children
who pretest as using the a versus b or sum of diagonals rules. Our
first training approach simply taught subjects to identify the components
of the relevant conditional probabilities. For example, on a problem
about the effects of special plant food subjects were ashad ro point to
the plants that got special food and count how many were there. They
were then asked how wmany of these were healthy. In the same way, they
pointed to the plants that did not get special food and noted how many
were healthy. They then answered the covariation judgment question for
the problem. Subjects were corrected if they made errors in identifying
the components of the conditional probabilities, but received no feedback
as to the accuracy of their covariation judgment. This procedura was
repeated for 6 training problems. We call this condition Components
training. Our evidence shows that subjects who received this training
were no more likely to show use of the conditional probability rule than
no~training control subjects at efther immediate or delayed (one week)
pesttest, The training was similarly ineffective for subjects who
pretested as using efther the a versus b or sum of diagonals rules.

In view of these results, we amplified our training ro make it much
more explicit about how to combine the components of the conditional
probability into two ratios, and how to make comparisonsfbetween them.
Subjects then made their covariation judgments for the problem. Incorrect
responses at any point were corrected including the covariation judgment
itself. This procedure was repeated for & training problems. We call
this cendition the Ratio-~comparison conditon. apain, subjects were
juniox high students who pretested as using the a versus b or sum of
diagonals rules, Results of this study show that sum of diagonals
subjects given Ratio-comparison training are no better than control
subjects in judgment at immediate or delayed (one week) posttest.
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However, < versus b subjects do show reliable improvement compared to
no-training contrels. it is ironic for conditional probability training _
to bz effeceide for a versus b but not sum of diagonals subjects.

However, examination of the data offers a ready explanation. That is,

training of a versus b subjects was as likely to elicit use of the sum

of diagonals rule as the conditional probability rule. Of course, | .
subjects who pretest at sum of diagonals rule use would not be considered

to have improved if they posttest as using the sum of diagonals rule.

Since our "comditional pyobability"” training seems to be as effective in
eliciting use of sum of diagonals as conditional probability rule, a
versus b subjects are more likely to show improvement as a result of the
nnmwswwm. .

We remain surprised that the conditional probability rule is so
resistant to trazining. Junior high school subjects are acquainted with
fractions and one might expect that comparisons of ratios would be
within their competencies. However, teachers do report that fractions
are a difficult subject for wany students at this age. In fact, other
studies find that people show problems in cemparing ratios through the
adult years, (e.g., Capon & Kuhn, 1979; Kurtz'§ Karplus, 1979). However,
we continue to believe that people can be traiged to use the conditional
probability strategy and wonder if we aren’t ommunmstm the mathematical
competencies of junlor high school children. As a result, we intend to
try our Ratio~comparison training with college age subjects.

Qther related research ' ~—

During the period of grant support we have been involved with a
couple of other projects relevant to the issue of covariation judgment.
In this section, we would like to describe those studies briefly.

Thus far, our covariation judgment work has focused on judgment
strategy as a determinant of judgment accuracy. However, other aspects
of the .judgment context may contribute to relative accuracy as well. In
particular, we pursued a series of studies on the processing of event
frequency information as a source of problems in covariation judgment.

CQur past paradigm has uwnnmuma event-state pairings in a 2 x 2 table,

thus minimizing the opportunity for error in assessing the frequencies

of each outcome pcir. However, other information formgts which occur in
real life settings may produce more errors in judging events. In particular,
event-state pairings occur with equal salience in our tabled format but

may not be equally salient in the real world. For example, the case

where two events are present (AB) may be more readily noted than a case

in which the two events are absent (AB). If this were the case, & judge

may reach an mnnosmmtm conclusion about the event pairings which have
occurred, rasulting {n judgment errors by even the best of decision # .
rules. 4 _

To test these ideas, we developed a paradigm in which a response
(tapping a wire in a radio)~outcome (radio buzzes) relationship was
represented in a time line (see Appendix E for a detailed description of
this work). Although information about all event-state pairs was available
in this format, this representation did seem to preserve the relative
salience of event-state pairs that would occur with real world events
(i.e., intervals with taps or buzzes more salient than those with neither
tap notr buzz)., Judgments in the time line representaticn were reliably
more blased (especially for negative contingencies) than those in either
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a tabled or breken time line format. These studies suggested to us that
conclusions abQut event sequences wmay vary as a function of stimulus
presentation conditions and may contribute to relative accuracy of
covariation judgment. :

Most recently, we've been looking at information sampling strategias
used by sublects to test covariation and/or causal relationship. Our "\
past research has presented subjects with information about the relative
occurrences of events and asked them to da?w a conclusion about the i~
depicted relationship. However, if subjects themselves wish to test a
hypothesis about an event relationship, what information would they .
seek?

A common pattern found in related research is a tendency to restrict
one's sample to only a subset of the potentially relevant information
(e.g., Shaklee & Fischhoff, 1982). 1In our case, a subject asked whether
an ovtcome is a$sociated with one of Lwo event states night prefer to
sample information about one of those event states, thereby gathering
less information about the other event-state.

Such a sampling bias would have differential impact on judgment
accuracy with sach of our covariation judgment rules. For instance, the
sum of diagonals rule is an accurate estimate of a relationship only
when the two alternative states 3f at least one of the two events occurs *
equally often. The problem is easiest o demonstrate if the rule is
reconceptualized in terms of its mathematical equivalent, (a-£)-(b-d).

Thus, an individual compares the differince between the cells in the

first column bf a contingency table with the difference between cells in
the second column. Those differences are only comparable estimates of
likelihood if the column totals are equal; otherwise, the same sized
difference represents a larger proportion of total instances for the
minority event than for the malority event. The problem becowes mdre :
extreme as the difference in column totals increases, making the sum of
diagonals rule an increasingly inaccurate estimate of differential
likelihood. The a versus rule has the same weakness in addition to

other problems. The conditional Probability rule is the only strategy

that will support accurate judgments with biascd sampling. However,

even a conditional probability rule will not handle the most extreme of
sampling biases. That is, if an individual only gathers data under one
event state and never samples information about the alternative state,
covariation judgment cannot be at better than.a chance level of accuracy.
Such an individual will only know one of the two probabilities relevant

te the comparison. Through preferential sampling of alternative states,
people may actlally generate difficult covariaiion problems from relationships
that would otherwise he simple to evaluate.

We've developed a paradigm for investigating information search
strategies used in testing hypotheses aboul events. Subjects were
presented with a large envelope containing the universe of ohservations
about two potentially related events on another planet. The large
envelope was introduced with a des¢ription of a potential relationship
between the behavior of some space creature {e.g., sleep/awake) and time
of day (daytime/nighttime). It contained two smaller envelopes, each of
which contained observations of the creature's behavior under one of the
conditions. Thus, subjects had one envelope of davtime observations and
one envelppe of nighttime observations. Each observation was pictured
on a 3" x Su-cﬁrd in the envelope. Subjects were to select a total of

o
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24 observations from g:: two envelopes in such a way as to best test a

hypothesis about the nts. Each hypothesis stated an association
between the time of day and one behavioral state (e.g., being awake is
associlted with nighttime). Sutjects recorded their 24 o"servations on a
record sheet, and concludeq that the hypothesis was ejther true ot

false. SubJects judged 3 such problems, including a positive, negative, ”
and a .ero relationship. These subjects also judged our strategy diagnostic
problem set. Our intiial szmple included third grade, seventh grade, :
and college subjects. We defined a subject as biased in sampling if the
mean absolute diffetences in-samples of the two event states across the
three problems was greater than or equal to 8. (The range of these

means could be from 0~24.) Sampling tendencies indicate that biased
sampling was common at all ages tested (50% of 3rd graders, 37% of 7th
graders, 32% of college subjects.) When one looks closer at the nature

of the sampling bf%s, the overwhelming majority of cases are those in
which subjects sampled solely from one envelope (day or night), ignoring
information about the alternative event state. As noted earlier, this

is an extent of bias that even the conditional probability strategy

cannot accurately evaluate. One cannot compare two conditional probabilties
with no information about one of those probabilities. Accuracy cannot

be at better than chance levels under these circumstances. In overview,
this information Sampling paradigm does show substantial differential
sampling among subjects from third grade through college age. 1In view

of the extremity of the bias, sampling patterns such as these would be
devastating to accuracy of covariation and causal Judgments alike.

Overview of findings

NIE support has allowed us to investigate a variety of -questions
about a common form of statistical reasoning, Ebvariation judgment. Qur
past work had indicated that use of systematic but simple rules began in
the fourth grade and that’ subjects used more sophisticated rules with
increasing age. Our recent research supplements this research in several
important ways.

First, we found that a modified testing procedure results in srontaneous
use of systematic rules at an earlier age (i.e., 2nd-4th grade) than our
" previous study wouldr indicate. In addition, we found that @ simple
training procedure would reliably elicit use of the a vexrsus b rule in
the first and second grades. This would suggest to us that elementary
school children have important competencies in understanding probabilistic
relationships and may indicate that science or math demonstrations of
probabilistic relationshlps would be suitable for children in the early
primary grades.

Secondly, we find that a more advanced rule {(sum of diagonals)-can
be acquired in the later elementary school grades with a simple training
procedure. Contents of that procedure ma¥ suggest approaches which
should be similarly effective in improving judgments about event covariations
in classroom demonstrations in these school years. However, we find
that the conditional probability rule is not easily trained in junior
high children by the methods Wwe tried. One interpretation of this
finding -yould be that training in use of this optimal rule anight be
better delayed until the high school, or even college vears. However, .
our evidence also indicates the importance of training students in these

18




advanced rules. That is, our past research indicates that many subjects
don't spontaneously progress beyond use of the simplest, least accurate
rules even in a college population.

Finally, our related research cffers us evidence on non-strategic
sources of covariation judgment errors. One study series shows that
errors in tabulating event frequencies may be an important source of
judgment bias. A second paradigm shows that subjects may loock at only a
subset of the information relevant to making a covariation judgment.

Each of these problems would result in inaccurate judgments of event
relationships by even the best of decision rules. These findings identify
other aspects of information processing that may need to be incorporated
into curricula designed to improve judgments of probabilistic relationships
be tween events.
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Past research indicates poor agreement about strategies peoﬁT& use to
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assess covariation between events. This research investigates mathod K

* of assessment as one possible source of this low conseasus. A sat of = - v
‘ _ . : o \
problems was developed in such & way that different judgment rules would %
. F ' R -,
produce different decisions about the relationships between eveats. ™ :

’ B .

6;11ege subjects judged these problems, then were asked to exﬁlain kh?ir
judgment strategy. In addition, they}we;e shown model strategies and:"

asked to choose the onc like their own strategy and the model that.would *
be the best strategy. Subjects whose judgments indicated use of the most‘ .
sophisticated strategy were quite.accurate in reporting their judgment

rules. Subjects using the less accurate rules most commonly reported .

. *

using strategies which could not -have produced the obtained §attern of . -

B
. ‘e

problem solutions. These.findings suggest that‘selfﬁfgport is a‘weak . ,

. basis for conclusions about sources of error in covariation judgment.
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Staciscical conceﬁts represent one Prime area for applicacion of
mathematical training. In pavticular, statistics are necessary for
idencifying predictability in an enviromment where relationships are
frequently probabi%}stic (y is more likely when % is present) rather
than deterministic (y always occurs éheﬁ x is present). Probleme such
as these are common in ideﬁtifying regularities in scientific phenomena,
and in everyday contexts as well. In this respect, statistics Provide
a key link between basic mathematical concepts and cemtral aspects of
scientific and everyday problem solving. As an area for application of

/
mathematical training, research on statistical reasoning may also be’

informative about childrem's and adulec's abilities to apply cheir machematical
*skills appropriacely,

*

The focus of existing research in this area has been' on
probability judgments %e.g., Piaget & Inhelder, 1975; Fischbein, 1973
Yost, Siegel & Andrews, 1962)., A statistical judgment common to reasoning
[ about cause-effect relationships builds on probability assessments of this sort.

‘An individeal inve.tigating ghe relationship between potential cause X

and effect y would compare the likelihood of y occurring when x is present

F(y/x) with che likelihood that ¥ occurs without x P(y/%). The two events
are independent if these conditional probabilities are equal; nonindependence
is indicated by any difference. The comparison is made to identify
contingency or covariatiogﬁ?étgeen events., Scientific procedure and

' statistical analyses testify 4o the key role of osvariation amalysis in
professional praccice. Altho&gh not suffiiient for causal inference,
covarﬁation is a necessary condition betw;en causes and events. Thus,

covariation analysis may identify the set of possible causes of an event.
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Many psychologists further assert that everyda§ causal judgment is similarly
based on a covariation analysis (e.g.; Michotte, 1963; Inhelder & g;;aet,
1958; Kelley, 1967; Heider, 1958). " That is, people search for likely:

A
explanations of everyday events by identifying event covariates. Thus,

competence in covari;zion judgment may determine a person's adequacy iz
identifying real world cause—effect relationships.
"In fact, a variety of investigators have found that adclescent'and
adrlt subjects show little competence in identifying event cavariations
(Niemark, 1975; Smedslund, 1963:; Jenkins & Ward, 1965; Adi,.Karplus. Lawson, , ¢
& Pulos, 1978). While the evidence indicates that covarfation-judgments
are often erroneous, those judgments.may be rule-governed.néneéheless.
Several differeit rules have been proposed by past investigators as
possible judgment strategies. These rules are discussad in terms of possible
relationsnips bectween two events (A and B), each of which occurs in one
of two states (1 and 2).
Least sophisticated of the proposed strategies is judgment according

>

to the frequency with which the target events cooccur (AIB » cell a in a

1
traditionally labeled contingency table) failing to consider the other
event~state pairings (Ale, AZBl’ AZBZ) in defining the Felationship. 4
subject using this strategy would identify a positive relationship between

Al and B1 if cell a freguency were the largest of Lhe contingency table cells,

a negative relationship if it were the smallest (cell a strategy). ' This

strategy is identilied by Inhelder and Piaget (1958) as common among younger
adolescents. Smedslund (1963) and Nisbett and Ross (1980} suggest that the

strategy is typical among adults as well. The strategy does comnsider some
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relevant information and may result in better-than-chance performance.
However, the rule considers only 2 limited portion of the information
that deﬁ;nes the re}ationship and wouid result in erroneous judgment of

many relationships.

-

Fl

A second possible approach would compare rhe number ©of times target
events Al and B1 cosccur with rhe times Al nccurs with 32 {comparison of
frequencies in contingency table cells a and b; strategy a versus b). This
strategy is also identified by Inhelder and Piaget (1958) as a precursor of
Eﬁtur Judgmenc. Again this strategy considers some of the relevant information
and may resqlt in accurate Judgment of many event contingencies. However,
failure to consider frequencies in cells ¢ and d (event combinations AéBl
and AZBZ) would be a particularly costly error when the direction of rhat
frequency difference is the same as the difference be:weeﬁ cells a and b.

A much improved approach would be the strategy defined by Inhelder
and Piaget (1938) as characteristic of formal operational thinking.
Specificatly, covariation would be defined by comparing frequencies of
events confirming (cells a and d) aﬁé disconfirming (cells b amd ¢} the
relationship. Thus, the rule would compare rhe sums of the diagonal cells
in a contingency takble (sum of diagonals strategy). Jenkins and Ward
(1963), however, point out tha: éhis strategy has its limits as well.
Specifically, the rule is an effective index only when the two states of
at least one of the ;ariables occur equally often. Otherwise, a correlarion
nay be i;dicated when, in fact, indépendence is the case.

Instead, Jenkins and Ward (19653) suggest that covariation is more ,

appropriately evaluated by comparing the probabzllcy of event A given

fan
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eve-nr: B, P(.;;lz’Bl) with the probability of A, given that B, has occurred )
P(AiﬁBz). This is equivalent to a comparison of the frequency ratio in
contingency table cells 3%3 with that in cells E%E‘ By definition,
‘independence is indicated bf equivalence between these conditional
probabilities; nonindependence ic indicated by any difference {conditional
probability strategy). This strategy should result in accurate judgment
of any contingency problem.

Thus, four alternctive strategies have been proposed ro account for
subjects’ judgment pactterns. ;any 0f these rules were proposed on the
basis of subjects® explanatlons of thei: judgments. For exahple, Smedslund's
(1963) cell a strategy is based on the reports of over half of his sample
thar they judged the relation of symptom A and diagnosis F according to the
numbar of AF pairings. Adi, Karplus, Lawson, and Pulos (1978) simiiarlyp
categorized subjects according te cheir explanations. In chis case, however,
no subjects were classified as using 2 cell a strategy. Rather, subjects
described themselwves a-«. using various comhinations of two to four of che.
contingency table cells. Thus, two samples of subjects offer considerably
different explaratisns vf their judgment strategies.' Two features of chese

\

studies make it hard to reconcile these differences. First, the two reports offer
lictle information on the way rhe explana.ions were elici£ed. We might expect thif
different questions would result in different responses. Secondly, neither

of the fnvestigators raport the level of agreement with which subject

responses yere categorized, so we know litzle about the reiiability of che
categorizatioa schemes. ‘

Howevers a more serious Problem is g=levant to any explanation-based

strategy analysis. - That is, such 4an approach js predicated on the assumption
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t-at subjects are able and willing to accurztely describe their bases of
judgment. 1In fact, a variety of research in psychology suggests that this
assumption may not be justified. TIn developmental resqarch in particular,
veung children's poor verbal skiils may hinder their account of systematic
judgment bases. Thus, verbal accounts frequently underestimate judgpent
competence in research with children (e.g., Brainerd, 1973; Bulleck, Gelman,
& Baillargeon, in p~2ss; Goldberg, 1966). Research with adults, on the
other hand, i;dicates that subjects’ explanations often overestimate judgment
sophistication. Both expert and nonexpert judges (e.g., Goldberg, 1968;
Nisbett & Wilson, 1977) describe themselves as using complex rules that bear
little resemblence to the simpler patterns of their actual performance.
Ericsson and Simon (1980) note that relative accuracy of verbal reports may .
depend on the condifions under whiog the information is gathered. These
findings would suggest that explanation-based analyses of judgment strategies
sh -uld oe treated with caution.

An alternative approach would be to analyze judgment strategies on
th: basis of subject's actual performance patterns (Ward & Jenkins, 1965;
Jenkins & Ward, 1963; Shaklee & Tucker, 1980). That is, four difierent
rules have been proposed to account for subjects' judgments of event
covariations. Since different }ules produce different judgments.,
covariation problems could be identified which would differentiate between
those rules. In fact, careful structuring of a problem set should allow
us to identify the specific strategy a subject is using. )

A zet of such problems is illustré@éﬂ in Table la. Problems are
strictured hierarchically such that cell 2 problems are correctly solved

by all strategies; Strategy a versus b problems are correctly solved by

a varsus o, sum Of diagonals,and conditional probability strategies. Sum

31 . -
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of diagonal problems yill be accurately judged by sum of diagonal and
conditional probability strategies. Conditional probability problems
would be cerrvectly solved by the conditional probability strategy alone.
Solution accuracy is indexed by the direction of the judged rel;tionship
(i.e., Al more likely given Bl’ BZ’ or no difference). A subject's
solution pattern on the set of problems ipndicates the strategy used.
Problems on the first row of Table la illustrate judgments predicted by
each of the proposed ryles, all problems in the row indicate relationships
in which Al is more likely given Bl than given BZ' However, an individual
using the cell a strategy would judge only the first problem as such a
relationship (cell a is the largest of the cells), A person using the a
versus b strategy would accurately judge the first two problem; in the row,
but would say that 41 given B1 is as likely as Al given 82 in the third .
problem (2-Z), and that Al was less likely given B1 than B2 in the last
problem (2-12). The sum o& diagonals rule would result in the correct
judgment of the first three problems, but would Say tﬁat Al was as likely
-to oceur with Bl as with B2 on the last problem (2+10) - (12+0), A subjeet
using the conditional probability rule should accurately judge all of the
<first row problems. Table 1b identifies the solution pattern ¢ongruent
with each sgrategy type. The probabilicy of wmatehing these judgment patterns
by chance alone ‘s ,1l for cell a, .04 for a versus b, .0l for sum of
diagonal, and .005 for the donditional probabiliéy pattern.

In two experiments, Shaklee and Tucker (1980) employed this diagnostic
approach go identify judgment rules of 10th grade and college students.

Subjects judged relationships in three prbblems for each proposed strategy

type. Each problem consisted of 24 instanczs in which evenkt states were
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defined for two events. Problems were set in contexts of averyday eveats
{e.g., cake rises or falls with or without '"special ingredient," plants
healthy or not healchy which do or do not receive planc food). Subjeces'
performance indicated general conformicy to the strategy set. Congruence
with the cell a strategy pattern was frequent among the high school subjects
(17%2) hue rafe in the college sample (l%). Response patterns mgpched that
of the a versus b strategy for 18% of the college sample (usé of this
strategy was not tested among che high school subjects). Judgment patterns
were congruent wicth the conditional probability stracegy for 17% of che high
school subjects and 33% of the college sample. In each experiment, che modal
response pattern conformed to that of the sum of diagonals rule (35% of the
college subjects», 41% of the high schoel s;bjeCCS). Subsequent studies
demonstrated that children use increasingly sophiscicated rules with
increasing age in the 4th grade to college age span (Shaklee & Mims, 1981),
and that adulets tend to use simpler raies as the de~ision eavironment
becomes more complex (Shaklee & Mims, i982).-

In sum, the data from sevef;l studies indicate that a carefully

structured problem set can be profitably used to indicate strategies under~

+

lying judg_ents of covariations becrween.events. Subjects in these experiments
demonstféted at least some sophiscicacion about appropriate covariation
jdggmenc, however, the oprimal judgment rule was used by a winority of subjects.
Such judgments are particularly inceresting since they build so direcely on

the basic mathematical underscanding of ratios and fractioms. That is, people
making covariation judgments should be comparing two condictiomal prbbabiliciés.
each of which is 2 ratio between two Ereqyencies. Our evidence indicates

that substantial use of gsuch a stvategy does not occur until the }0th grade,

and then by only a minority of subjects. This evidence is congruent with

33
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"adequacy of the rules they use. Those using less sophisticated rules may
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other research indicating that problems in application of ratio concepts are
common among adults as well as children (Karplus & Peterson, 1970; Kurtz &
Karpluss 1979: Capon & Kuhn, 1979).
. o .
In addicion, these findings conflict with the past interview-based

strategy analyses. In particular, Smedslund's (1963) only commonly
reported strategy, cell a, is rarely seen in the performance patterns gf
our subjects. In light of this conflict, a direct comparison of explanation
and judgment-based stractegy analyses would be profitable. By this approzch,
subjects would be asked to complete a diagnostic problem ‘'set, then explain
their judgment bases. Comparison of classification by the tw; methods might
show areas of systematic disagreement. In addition, interview responses
offér new information in evaluating our juagmenc-based analysis. That is,
;ubjeccs may describe themselves as using rules which may differ from any
of our proposed rules, but which would produce a judgment pattern on the
problem set congruent with that of one of our rules. Finally, we learn
something about subjects’ insight into their own reasoning. Such under=
standing of subjects' own impressions about their task solutions would be
particularly important in any attempts to improve judgment competence.
That is, training may be maximally efﬁective.when it is oriented toward

the individual’s own understanding of his or her rule use.

A second interest in this study is in subjects’ evaluations of the

6; may not be aware of rulé limits. * This study will measure judgments of
rule adequacy by asking subjects to give confidence ratings as they make
thé?r judgments in the problem set. Subjects who are }ess confident of

errépeous responses than of correct'responses must be aware of their rule

. N
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limications. In addition, subjects will be asked to identify the best
rule among our set of proposed strategies.

Subjects for this experiment will be male and female college students,
since our past research suggests that this age group should provide sub-
stantial numbers of a versus b, sum of diagonals and conditional probability
judges: Sex of subject will be considered as a factor in the design in
light of ¢-mmon findings of sex differences in math skills among'adolescents
and adults (e.g., Maccoby & Jacklin, 1974).

Method

Subjects

‘ Subjects in rhe experiment were students in an imtroductory psychology
class who participated in the experiment as one option in fulfillment of a
* course requiremant. Subjects ranged in agé from 18*to 32 vears, with a'wmean agé
of 19.42. Sixty-rwo female and 54 male students participated.

Eroblems

Subjects judged a set of 12 covariation problems, structured so that each
of four judgment rules would produce a distincetive judgment pattern on a problem
set, Table la lists éhg actual problems ysed. The 12 problems jinclude tﬁree
problems for each of th; four strategy types. One noncontingent and two
contingent relationships are included for e2ach strategy problem type.

Twelve different problem contents were developed, each of which
consisted of a sat of observations picturing one of two states for two
potentially related everyday eveﬁts. Three Prob}ems pictured bakery products
which either rose or fell in association with the presence or agbsence of

veast, baking powder, or a "“special ingredient.," 1In three other problems,

planzs were pictured as healthy or sick as a possible function of the Presence

39
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or absence of plant food, bug spray, or a "special medicine.'
problems people or animals were pictured as sick or healthy as a possible
function'of the presence or absence of a shot, iiquid medicine, or a pill.
The remaining three problems pictured a possible association between space
creatures appearing happy or §ad in the presence or absence of one of three
weather conditions (snow, fog, or rain).

For each problem, data instances are pictured in a 2 x\Z table. In
each case, the manipulated factor (o£ environmencal event) defined the table
columns (é.g. plant food, no planc fpod in example below), and the outcomes
defined the table rows {plants healthy, not hea;thy in cthe example below).
Each problem jis introduced with a paragraph describing a context in which
seve;al observations'were made on two potentially relate}'variables.
SubjeFts were asked terlook at the pictured information and to identify
the relative likelihood of Qne of the events when the second event was
either p;esenf or absent. An’example problem f;llows:

A plant'érower had a bunch of sick plants. He gave

some of them special plant food, but some plan:s didn't .

get special food. Some of the plants got better but some

of them didn’c. 1In the picture you will see how many times

these things happened together. The picture indicates that

plants which were given special food were:'

+3 . #2 +1 0 -1 -2 -3

much somewhat a bit just a bit somewhat much
more more more as less less less
likely likely likely  likely likely likely likely

to get better than plants that weren't given special food.
On your answer sheet write the scale number that best : \\
completes the sentence. . -

In addition, after each covariation judgment subjec*s were asked to rate

their confidence as follows:
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How certain are you ln the accuracy of the above response? !
1 2 3 4 5 1 71 8 9 10
just guessing absolutely certain

The 12 problems were grouped into problem blocks, including one
problem from each strategy type. Problems within each block were arranged
in a single random s~+uence. The three problem blocks were sequenﬁed in
a ginrgle random qrder. Numbers in pareﬁtheses'to the left of the problems
in Table la indicate the position of each problem in the problem sequence.

Once the problem set was completed each subject was interviewed and
asked .the following questions about his or her judgment:

la. You've just completed several problems about the relationship

between events. Can Ypu tell how You solved them?

ib. (Experimenter turns to.the last problem-in the set - a conditional

+

probability probiem.) <Can you use this problem to show ®e how

you solved it? (strategy explanation)
2. {The participant is showm models of the strategy types while

they are described.) Can you indicate, from éhe wodels presented,

¥
the strategy you used to solve the problems? (model choice)

sfrategy)

3. Overall, which do you feel is the "best" strategy? (best

Each subject was tested anqhipterviewed individually. : -}

Instructions
1

L

Initial instructions introduced the subject to the concept of covariation

in the context of "things that go togsether”., Naturally occurring examples

were given of positive relationships (i.e., tall people are more likely to
be heévy than short peéople), negative reiationships (i.e.,, it is less likely
to rain when it is sunny than when it is cloudy), and unrelated events (i.e.,

a green truck is just ag likely to run out of gas as a red truck). Subjects

. . 87 peo
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were told that they would be given some problems about hypothetical events
that may or may not tend to occﬁr together., A sample problem involving the
occurrence of snow as it Hid or did not relate to atmospheric temperagure
was uéed to explain the stimulus materials and the problem format. Each
subject gave 1 solution to the sample problem and was Envited to ask
questions about the task. Subjects were allowed to progress through the
problems at their own pace and were encouraged £o use the scratch paper
provided if they desired.
Results

Results can be grovped according to their relevance £o two issues.
First, subjects' performances cam be characterized in terms of the accuracy
of probleﬁ solugions. Confidence ratings 6n these problems indicate subjects'
beliefs about their accuracy. Secondly, judgment strategies are idengified

—

according to subjects' solution patterns on the problem set and their
responses to the interview questions. ‘

Accuracy. Accuracy was asséssed in termsxgj/ihe direction of the
judged relationship (i.e.;.Al/Bl mores less or equally likely than Al/Bz).
Data are analyzed in terms of the number of problems correct per problem
type. Relevant means for this amalysis are reporteﬁ in iable 2. A sex by
problem, type analysis of variance shows a main effect of problem type
(_13(3,34.2) = 164,36, p < .001l) with mean accuracy of 2.38 for cell a, 2.65
for a versus b, 1.47 for sum of diagonals, and 1.21 for conditional
probabili;y problems., A main effect of sex of subject was also ;ignificant . N
(F(1,114) = 6.67, p < .0Ll), with more problems correctly solved by maies
than by féﬁales. The ;ex by-problem type interaction was also significant

- (223?3327 = 3,08, p = ,03), with the greatest sex differences in accuracy

/
for the sum of diagonals and conditional probabilicy problems (see Table 2).

N i
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ﬁ sex by problem type analysis of variance of confidénce réti;gs showed
th;t subjects had some insight into solution accuracy. This was reflected
in a significant effect of probleﬁ‘type on canfidencefratings,.wich
confidence decreasing hs problem difficulty increased (F{3,342) 25.60,
p < .001). Mean :6nfidence r;tings were 8.5 fbr cell a, 8.4 for a versus b,
7.8 for sum of diagonals, and 7.7 for conditional probabilily problems.

Confidence judgments did noc differ)by gex either as a main effect or in ,

'inéeraction with problem type.

Strategy. Each subject’'s pattern of solution accuracy on p?oblems of
the four typés was used to identify. his c¢r her judgmeht.strategy. Peéformance
patterns congruent with the four strategies are illustrated in Table lb.

A subject was said to have passed criterion.on a given proélem type if he

or she'was accurate on twd or mdre of the three problems of that type. A
conditionai probabilic; subject Ehould pass criterfon on all problem types,
sum of dlagonals judges should Pass criterion on all problem types except
the céndicional'probaﬁilicy problems. Judges using the g_versus‘é rule’
should pass criterion on cel; a and a versus b problems. C(Cell a suﬁjects
should pase cell a problems alone. Soméone who passes no criteria would

be labgled Sctritegy 0. Judgment patterns that do not match any of these
prediceced patternﬁ are classifled as “other." Classification by this method
will be referred to as the judgment-based strategy.

Distribution of these judgment-basad cléssifications is illustrated for
each of the two sexes in Table 3. These results Indicate that all subjects
passed at least one criterion, indicating that they hnderstood the stimuli

-

and had at least a simple understand‘ng of the judgment to be mwade. Most

.t
frequently occurring were judgment patterns congruent with a versus b and

Jo .
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.0of subjects in each of the strategy'classificntions. A subject strategy

Eubject strategy did interact with proﬁiem type (F(9,297) = 2.68, p < .0L)~

ﬂaﬁ ' Judging Event Covariations f

15 .
conditional probability rules (36 2% ;nd'31 9% of the samples respeetxvely)
Cell a and sum of diagonals classifications were less comm6n (5.2% and
15.5% respectively). Judgments of 13 snbjeets failed to match any of our

proposed patterns and were classified as "other". Table 3 also shows males .

as generally using more sophisticated strategies than those used by females.

+ o

The digtributions of the two sexes were compared by assigning each subject ?//
a numner corresponding to the number of problem type critaria pasged (cell /
as= 1,‘conditiPnal probability n\é). At test comparing malef and females

on strategy classification shows the sex difference in strategy use Lo be

reliable (t(lOl) = 2,60, P < 01).

A final judgmeqtéﬁased strategy analysis compares the conf{idence ratings ) ' .

by preblem-tzpe analysis of variance showed no significant difference as

a funct%on of subject judgment strategy (2(3;995 = }fS&,_ns). However, S .

In ;his interaction, subjects classified as 3 versus QJ sum of diagonals,.

and conditinnal probability judges showed'perailel decreasing confidence

as problem difficulty 1nCre§sed. However, cell a judges weare least confident

on a versus Q_preb%ems. As in tne\Previous analysis, confidence ratin;;

also showed. a main effect of problem type Q§(3,297) = 28.68, p < .001). "
Independent categorizations og subjects' strategies were based on ' :

their responses to“the intefﬁiew'questions.‘ Firse, subjects were asked

to state their strategies (question l1a) and to demonstrate that strategy

on 4 sample problem (question !b). These two responses were c0nside§ed

tngether and coded according to whether they conformed to one of our four
strategies. Two alternative responses were also common. Several subjects
described themselves as using a vaciant of the conditional probability

a
strategy which compared ratios of cell frequencies ¢ with cell frequencies

4y
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g. This si;acegy would produce the same judgments as cur conditional
probability strategy and will be labelied cell ratios. A second common
response was for a subject to say that he or she had just guessed. Responses
that did a0t match any of these categories were labelled "other™. All
responses were independently categorized by two coders. These two raters
agreed on 89% of trheir ratings. Table 4 illustrates these classifications
of subjects' explanations.

Once subjects had stated their strategies, they were shown a model

of each of the four proposed strategies and asked to identify the one which

"most closely resembled their problem solving approack. This classification

is referred to as model choice.. Frequency of choices of the various models

is shown in .Table 5. Responses not representaed in the strategy ekamples
were coded as "other'". Of these unclassifiable subjects, six said that they
used more than one rule, and the remaining subjects saié that they used some
Strategy not listed in the models.

Finally, subjects were asked to indicate the best strategy among the
four examples. This response will be labelled best strategy. Table 6 A
lists erQUepcies of subjects' choices of each of the strategies. The

4

group categorized as_ﬂéiher" includes several subjects who thought that

" two or more categories were equally good, some subjects who thought the

cell ratic strategy was hest, and some subjects who preferred some strategy -
not listed in the examples.

As in the judghent-bgsed strategy classification, a subject's straregy
classification on each of these three measures was converted to a scale
score corresponding to the level of his or her classification in the
strategy hierarchy. Since cell ratio judges should produce the same

judgmerts as condifional probabiiity rule '. s, these two rulee were grouped

4i
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together in these analyses. Subjects who said that they guessed were
given a score of 0. Comparisons betweén classification mechods were made
in terms of these scale scores. The unclassifiable subjects were not
included in these analyses.

Correlations betweaen the various strategy classifications indicate
some congruence between methods. The correlation between judgment-bas%d
strategy classification and stated strateg; is .58 (p < .001). Classification
of subiects by the two methods is illustratéed in Table 4. Compar isons
between these classification systems indicate that differences between
classifications by the two methods do not show a reliable direction
(z(94) < 1, ns). A close inspection of Table 4 shows that performance-
explanation congruence differed according t; subjects' strategy classification.
Subjects whose p.rformance patterns showed'use of a conditional probability
rule were almost nnifofmly accurate in describing their strategies (97%
of conditional probability subjects). Among the other groups combined
(excluding "other”) only 24% of the subjects described'rules congruent with

their performance patterns. A comparison of the two groups shows this {

difference to be reliable (x2 = 45,46, df =1, p < .001).

Comparison between judgment-based classification and subject's model
choice also showed reliable congruence between the two methods (r = .45,
p < .001). Table 5 shows classification of subjects by the two methods.
Comparison between the classificatisn methods shows that model choiceé were
neither reliably more nor less sophusticated than their judgment-based .trategy
classification (t(98) < 1, ns). The correlation between the strategy explanation
and nodel choice measure indicates some :sgreement between these two self-
report measures (r = .33, p < ,001) with the subject classifications neitcher

better nor worse by the two methods (t{99) < 1, ns).
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Finally, subjects’ selection of best strategy was compared to their
classifications by other merhods. Model choice and best stratagy used
the sare multiple choice method, and were thus deemed to make the best
case for comparison (see Table 6 for classification by the two methods).
Subjects' selections of bes: strategy were reliably more sophisticated
than the strategy they identified as their own (t(88) = 5.35, p < .00L).
suggesting that subjects rec&gnized a better way to solve the problems
vhen one was providad. Thelr choices.of best strategy were also mcre
sophisticated than their judgment-based strategy classifications (£(84) = 7.19,
P < .00L).
Discussion

¢{fhese results offer considerable evidence on relatiﬁg congruence
among self-report and performance-based methods of identifying strategies
underlying covariation judgments. All comparisons suggest some agreement
between methods, with correlations ranging from .45 - .58, Correlétions
at this level indicate that subjects have some insight into their judgment
bases. However, closer inspection of Tables 4 and 5 indicate that some
subjects showv considerably better insight than others. 1ln particular, )
conditional probability subjects (judgment-bésed classification) are
impressively accurate, with §7z describing a conditional probsbility (or
cell ratio) strategy in their strategy explanation, and 84% selecting that
strategy in the model choice measure., 1In sharp contrast, all other subject
groups show poor c&ngruence between the Perf;rmance-basgd and self-report
measures, with 24% agreement between judgment and explanation measures,
25% agreement betwean judgment and model‘choice.

The strength of our judgment-based ciassification systep is our abilicty

to eviluate whether a stated rule would produce the obtained judgment pattern.
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A close i%spection of Table 4 illustrates this comparison. For example,
no subject with a cell a jud:ment pattecn described him or herself as
using avcell a judgment rule. Our internretation of this differeﬁce would

be ambigudus if these subjects described rules which would produce a cell

a judgmeng pattern on the problem gset, However, this was not the case.
Half of/ylese subjects said they vere guessing, an approach vhich would
vield £ cell a pattern only 1! percent of the time (i.e., the chance
;royébility of producing the pattern). The remaining subjects with cell
E@/erformance patterns said they were using cell ratios, a strategy which
;ould result in a conditional probability judgment pattern. Sublects
showing a versus b patterns also showed Pror insifht into rule use, with
11 of 42 classifiable spbjects describing themselves as using rules-which
should produce more errors than they actually showed, and 1l subjects
describing strategies which should have produced more accurate records
than actually obtained. ‘Most of the subjects whose judgment performance
indicated sum of diagonals strategy use described strategies that would
produce conditional probability judgment patterus. Several subjects

3, a strategy which would

mimic 4 conditional probability strategy on the problem set. However, it

described themselves as comparing cells % with

is interesting to note that only one of the sublects who sald they were
using cell ratios produced a judgment pattern congruent wyith their described
rule. A&s noted earlier. self -report and Judgment pattern were congruent for
conditional probability judges. 1In thess cases we are not simply noting
relative agreement hetween performance and explanation. OQur rule diagnostic
problem set also 21lows us to sho- whether subjects' self-reported rules

would have produced :heir actual performance patterns.
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One posgibie interpretatién of poor agreement berween Judgment and

explanation might be that subjects shifted rule use at some point in the
problem set. A subject may have judged the initial problems by one
strategy, but changed strategy by the end of the-problem set, This
individual's judgments might yield a classification according to the
inirial strateéy, but he or she would be ;ccuraqF in describing use of a
different strategy éo solve the last nroblem. In fact, some of our
subjects said that, they used more than one rule in response to the model
choice question. This possibility may explain a fetw judgment-explanation
discrepancies, but our rule classification system makes it unlikely as a
general account. That is, a subject had to accurately judge at least two
of the three problems of each strategy &ype to have passed criterion on
that type. The'prob;emS‘wereblocked such that cne prob;em of each strategy
type appeared in each third of the problem sequence. A subject would have
to shift strategy after the eighth probiem of the set to have met the
criteria for his or her initial problem solution ;trategy in the judgment- !
based classification. Shifts at other points should produce judgment records
that do not conform to any of our strategy patterns, These subjects would -
be labeled "othe;" and not be included in our method comparisons. In fact,
such 1nclassifiable subjects were infrequeat in chis sample (11.2%;.

* These results show that agreement between different self-report measures
is limited as well. The correlation between subjects' strategy explanation
and model choice was a modest (though significaary ,53. Thus, the issue is ,r*«
not simply one of the validity of self-report of strategy use. Method of
obtaining that self-report affects subjecgs' responses as well.

These comparisons suggest that self-report may be a weak data~base for

research on covariation judgment. We note, however, that there may be conditions
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under which self-reports would be more accurate. Qur subjects described
thelr strategies after solving a series of problems. Ericsson and Simen
(1980) argue that features of memory and atrention might predict thar
reports would be erroneOus‘under these conditioms. In particular, subjects
must retrileve the relevant information from long term memory in order to
explain pheir judgmént'rule. Potential sources of error iﬁclude problems
in storing or retrieving the information from long term memory and incomplete
reporting of the available information. Ericsson and Simon (1980) argue
that such problems are minimized by gathering self-reports through a
think aloud rechnique in wHich subjects verbalize their reldsoning as
they solve the problem.

Although alterna;ive techniques may improve self-report accuracy,
our method is most relevant for coﬁparison with past research in this area.‘
In pa?ticular, Smedsiund (1963) and Adi and colleagues (1978) each asked
subjects to explzin rheir strategles after making several judgments about
event covariatious. OQur evidence suggests rhat self-report of less-thapn-
optimal strategles will be inaccurate under these circumstances.

Considering covariation judggent as a problem in applied mathematics,
our findings also have implications for educational assessment. That is,
self-report may be a poor method for diagnosing rhe sources of individual
student's errors in applying ratio councepts. Qur finding of strategy
clasgsification differences in self-report accuracy are somewhat ircnic from
an educational point of view. That is, the students best able to report .
thelr strategies would be rhose who ne;d help rhe least. The success of 3
program to improve these judgmen;s may well depend on the starting strategy
of the individual ipvolved. Our evidence indicates that srudent self-report

is unlikely to yield an accurate diagnosis of soyrces of judgment error.
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Qur subjects do show some insiéht inte the strengths and weaknesses
of their chosen strategigs. First, confidence ratings showed cthat subjects
were less confident of their accuracy on problems where errors were high
than on problems where arror rates were low, Secondly, twice as many
SUEjects selacted the conditional probabilicy rule as the best rule as
were classified as using the rule in problem solutions (32 percent vs.

65 percent). One might wonder why subjects would persist in using a rule
they knew was flawed. However, shifting rules requires that subjects te

able to generate a better ruI? to use. This evidence indicates that subjects
are better at racognizing good rules ﬁhaﬁ ar producing those rules &n their
own. ' .

A final consistent finding worth noting is the sex difference in
judgment accuracy and strategy use. This sex difference is nbt surprising
in cthe light of much past résearch showing males better than females in
mathemacical reasgning beginning ip junior high and continuing throughout
adulchood (Maccog;'& Jacklin, 1974). Since the conditional érobability
rule builds go direccly on comparisons of.two ratiocs, we miéht expect sax
differences in this judgment as well. Our mechod offers the addicional
advantage of identifying specific strategies employed by subjects of each
sex, Compared to males, females were especially unliﬁely to use the
conditional'probability rule (19.3 percent vs. 46.3 percent), preferring
the simpler and less accurate & versus b rule (41.9 percent vs. 29,6 percent),
This difference could have several possible sources, One likely source
iz simply that the two sexes came to the exp-riment with different training
backgrounds. Octher studies have found males and females to be substantially

different in participation in math courses by the time they get to college

(Fernema, 1977; Keeves, 1973; Hall & Shaklee, note 1, National Assessment of
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Educational Progrees, 1979). Further work would be required to assess the

role of di%:grential math training in sex differences in ¢ovariation

I
judgments.%

In oveﬁview, our results indicote that subject's self-reports of
\
' . .
covariacion izdgment rules show limited cougruence with accan judgment
5

patterns. ellf-report was an especially poor method for identiféing

sources of in%ecuracy in judgment patterns. Such effects of assessment

!

§
method offer a|ready explanation for poor agreement about strategy use
i

in past StudieQIOf covariation judgment. These results suggest that self -

}
report measures jre weak hases for drawing conclusions about Strategy use.
!

These problems wﬁth self~report in covariation judgment accord well with

other research showing poor correspondence between subjects' judgments

and their explanjtions about those judgments.
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Foftnotes

]

Partial}support fbr this research was ?rovided by NIE grant NIE-G-
80-0091. Many thanks to Renee Smith for her help in collecting this data.
Reprint requests, should bé sent to garr;e: Shaklee, Department éf Psychology,
University of Jowa, Iowa City, Iowa 5&242. ‘

lﬁe had some diff;culty defining a noncpntinggnc felationship for the
sum—of-diagonals‘probiems. The'problem we included (middle pfoblem, column
3, Table 1A) g?viates'slightly from independéqce‘(P(&llBl) - P(AIIBZ) = -.06)
. by the conditional-probability éule. A3 a result we scored responses as

correct if subjects concl;déd that AllBl was elther less likely or just as
. likely‘ég AllBZ. The\?roblem dSES discrimidate appr?griatély between the
other judgment rules. C(Cell-a and a-versus-b judges should say that AI[BI

“is mora likely than AllBZ’ sum-of~diagonal‘4 should say the two

outcomes are equally 1ikesly.
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Cell trequencles used’ fur each problem type
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(L) . 1 2
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8 B
(3) . 1__ 2
Al 6 6
Az 6 6
' 8 3
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Al 2 11
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Table 1|
Conditional 2
8 versus b Sum of Dlagonal Probabilicy
Probiems roblems Problems
B, B «B. B B, B
1 2 2 1
(6) 1 2 (2)1'_ 1 (8) 2I
Al 713 Al 21 2 Al 2112
A 2 |12 A 2118 Az 01{10 ‘
2
@ P15 7 B B an B B
51 3] 3 Al 31| 7 . A; 1
| . .
A, | 919 Ay s| 3 A p 31s
w "B oy "1 B2 m B By
{
&1 4 111 Al 8 Al‘l 121 2
]
Az 811 .AZ 8 0\ AZ 101 ©.
Strategy use and resultant patterns of problém accuracy.
Problem Strategy Type
Cell . Sumre of Condicional )
4 a4 versus b Dfagonals Probabilicy
+ + + +
+ + + 0
+ + 0 0 ™~ ]
o+ a 0 0
0 ¢ 0 0
= —
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Table 2

Mean‘iﬁi%men: Accuracy Per Problem Type

sum of
cell a a versus b diagonals
2.81 2.64 1.23
¥2.96 2.65 1.72
2.88 2.65 1.47

conditional
probability
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Table 3
Judgment-Based Scraregy Classifications
' (percentages)

sum of conditional
cell a a versus b diagonals Frobability other N
males 3.7 - 29.6 11.1 46.3 9.3 54
females 6.4 41.9 19.3 19.3 12.9 62

all 5.2 36.2 15.5 31.9 11.2 116

-
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Table 4

.

Fraguencies of Strategy Classifications by Judgment-Based

And Strategy Explanation Methods

Strategy Explanation

Judgment sum of c.adirional cell
Based guess cell @ avs b diagonals probability ratios other all
ceil a 3 0 0 0 : 0 3 0 6
a versus b 9 2 13 2 i 8 7 42
sum of
diagonals 3 0 1 1 6 6 I 1‘8
conditional
probability 0 0 0 1 35 1 0 37
other 2 0 1 0 o . 10 0 13
all 17 2 15 4 42 28 8 116
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Table 5
Frequencies of Strategy Classifications by Judgment-Based

And Model Choice Methods

Model Choice

Y Judgment ’ sum of conditional
Ql\-‘ Based guess cell a a versus b d7agomals preobability other all
cell 2 | 0 l 3 1 1 0 6
a versus b 6 4 14 7 1 1 42
L -
dgzngloflils 2 2 2 1 : 2 18
il 2 o 03 L Lo
other 1 0 1 ¥ 6 4 13
all 11 7 20 13 57 8 116

A i N ey e E e 4 Bt
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Table 6

Frequencies of Strategy Classifications by Model Choice
And Best Strategy Methods

Model Choice

Best sum of conditional
Stracegy &guess cell 2 a versus b diagonals probabiliry other all
cell a 0 1 0 13 0 0 2
2 versus b 2 0 4 1 0 0 7
sum of
diagonals ! 2 4 ! ! 0 ?
¥
cordicional
orobability 6 2 10 5 49 3 76
other 2 2 2 6 7 3 22
all 11 7 20 13 57 8 1i6
/

3

i\
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JUDGING RELATIONSHIPS BETWEEN EVEMTT SURVEY

4

p
Please answer edch of the following questions to the best of your
ability. Write your responses on the accompanying answer sheer,

1. How much math did you take during grades § and 107

2. Please estimate the quality of vour performance in these

courses?
I 2 ' 3 4 5
pcot \ averagc sxcellent

{Write the number corresponding to your esrimate on your
answer sheet for each scale of this type).

3. How much path did you take during grades 11-127

4, Please estimate the quality of your performance in these

courses! {
1 2 3 4 5
poor average excellent

5. Did you ever seek guldance from a high school counselor or
counselors regarding election of math courses? {

6. Please indicate the geneval attitude of any counselors consulted
regarding your election of math courses:

1 2 3 4 5

very neutral very
unfavorable '

. favorable




7. Please indicate the amount of influence the counselor's advice
~had on your election of math courses:

1 2 3 4 3

- - -

nene ' some influence strong influence

8. How many college mathematics and math-related semesters have
you completed thus far?

9. Please estimate the quality of your performance in these

courses: -
1 2 3 4 5
poor average excellent

10. Have you sought guidance from your college advisor regarding
your election of math courses?

11. Please indicate the attitude of wour advisor toward your electing

math courses: e
1 2 3 4 5
very neutral very
unfavorable favorable

12. Please indizate the amount of influence your advisor's recommen-
dations had on yeour election of math courses:

1 2

3

4

none some influence

strong influence

13. How many math and math-related courses do you expect to take in

the future?

14, Please indicate the zamount of interest mathematics holds for you!

———

5

P ]

neutral

interesting




15. Please estimate the usefulness of mathematical knowledge to

your future career?

1 2 3 4 5
not at all maybe extremely
useful useful useful

16, How many semesters of logic have you taken?

17. How many semesters of statistics or probability have you taken?

18, What is your major course of study?

19. How favorable is your mether's attitude toward your pursuing
a ¢ollege education?

) 2 3 4 5
very neucral very
unfavorable favorable

20. How favorable is Your father's attitude toward.your pursuing
a college education?

i 2 3 . 4 5
very neutral very

unfavorable . favorable

Thank you very much for your cooperative participation.




Table 1

Correlation coefficients and
number of observations (in parentheses)
for Questionnaire data

MATH ACC STRAT  ACT-Q ACT-C INTRST USE AQ}L
ACC .16
(186)
STRAT .04 LG 1kAk
(161)  (161)
ACT-Q 05?*** 018 015
(186)  (186)  (161)
ACT-C L28kkk 17 .16 .81k
(186)  (186)  (l61)  (186)
INTRST S LRER .13 .12 S35kkk + | 24k
(186)  (186) (161) (186)  (186)
USE J43xER 22 .20 L23KE 22 53HKx
(186)  (186)  (161) .’ (186)  (186)  (186)
ABIL L32%k% .09 .03 L3gRAE 334 58kk%x 34kk
(to%)  (104) (90)  (104)  (104)  (104) (186)
ATT .28 12 .04 .27 .15 .32% 21 .24
(54) (54)  (51)  (54) (34) (5% (54) (3D

MATH: Math background
ACC: Accuracy on covariation judgment problems
- * STRAT: Covariation ‘udgment strategy

*k E < ’gél ACT-Q: Quantitative score on ACT exam
i fekk i e :0001 ACT-C: Combined score on ACT exam

INTRST: Interest in mathematics

USE: Usefulness of mathematics

ABIL: Self-rated math ability

ATT: Counsdlor’s attitude toward math

+

6




Eliciting Systematic Rule Use in Coordination Judgment

Harriet Shaklee aud Donald Paszek

University of fowa

Running head: Covariation Judgment

Partlal support for this research was provided by NIE grant NIE-G-80-0091,
Many thanks to Ernest Jones, Renze Smith, Rick Taffe and Japet Lyness for their
help with data collection., Reprint requests should be sent to Harriet Shaklee,

Dapartment of Psychology, University of Iowa, Towa City, .Towa 52242,

Pt




o)

Covariation Judgment

i* . " 1

Abstract
Related research suggests that children may show some simple undeistanding of
event covariatious by the early elementary school years., The present experiments
use a rule analysis methodology teo investigate covariation judgments of children
in this age range. In Expe. iment }, children in second, third and fourth
grade judged covariations on 12 different covariation problems, Children's
performance patterns on the problem set showed an increase in the use of
systematlc judgment strategies in cthis age range. Systematic rule users most
commonly compared contingency table cells g_and E_in judging the event covariations,
In Experiment 2, a training paradigm was employed ko investigata possible
origins of systematic rule use. Fiﬁgt and second grade unsystematic, strategy

0 and cell-a children were either directad to attend to cells 2 and b (Attention

only}, were additicnally offered explicit instructions to note wnich of the~™
L ]

"two cells had wmore events (Attention-~plus-more) or were given no training

(control). Posttest performance showed that the Attention-plus-more condition
was the only trearment to re;iab%y elicit a-vaersus~b rule use, It is concluded
that simple covariation judgment rules can be used by children in the early

-

elementary.scheool vears,

* 3
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Covariation Judgment: Systematic Rule Use in the Early Years

Interest in :hildren's caﬁsal reasoning has burgeoned in recent years
(2.g., Siegler, 1976; Bullock, CGelman & Baillargeon;\1982). A numbetr of
theorists have suggested that identificatian of cdause~effect relatipnships is
grounded in covariation judgment (e.g., Inhelder & Piaget,”1958; Kelley, 1972).
That is, people search for causes of events by finding event covariates. In
fact, a few investigations indicate that children understand this link from an
early age. TFor example, PiVitto and McArthur,(l978) found that ¢hildren as
young as_finﬁt grade use summarized covariation infsrmation in explaining people's

i
behavior. Siegler and Liebert (1975), however, found that childrep were not

-

influenced by event co;Lriation until 8 or 9 yéars of age in t study of

Etbchildren's explanations of physicél events. Evidence of the/earliest use of
event covariatiﬁn in causal reasoning is provided by Shultz n& Mendelson (1975),
who found that 3 and 4 year old clfildren showed a prgference‘qu‘covariaces

when choosing causes of events. Although the age trends differ in these studies,

the} concur in suggascing that'preference for consistent covariates is an early

developing pattern in childreP's explanations of events.
Given this evidence, understanding deﬁelopment in covariation judgment

would b@’;ritical to understanding children's causal reasoning, ﬁowever,

investigations of children's abilities to make covariation judgmentssare'rare

indeed. These few stulies which do exist show a degree of consensus on how

children might judge event relationships (Tnhelder & Piaget, 1958; Adi, Karplus,

Lawson & Pulos, 12}8; Shaklee & Mims. 1981). Tn the basic paradigm investigators
~~0ffered subjects information on rhe frequency éf cooceurrence of alternatcive

cvent states Of twc potentially related variables (for example, plants hea’chy

or not healthy; plant food present or absent). . Subjects were asked to identify

the dicectior and/or strength of the relationship between the events. In each

-
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experiment, subjects' covariation judgments and/or explanations of the
judgme&ts led the investigators to identify systematic but inaccurate rules

»

which were precursors to the use of ﬁore mathematically sophistihated rules,

‘ Inhelder and Piaget (1953) proposed two simple rules of covariation
judgment. In the first, an individual would judge a2 relationship accordinglco
the frequency with which target event states cooccur (e.g., healthy plants

which are given plant food in the example above, cell a of a tradictionally

labeled coutingency table. See Table 1). A subject usiug this strategy woufd . ' -

Insert Table 1 here

identify a positive relationship between events if the cell a frequency were é

the largeét of the contingency table#cells, and a negative relationship {f it

were the smallest (cell-a strategy). Inhelder and Pilaget (1958) identified

this strategy as common among younger adolescents. Smedslund (1963) and

Misbett and Ross (1980) thought the strategy might tyﬁify adult reasoning as well.
Also proposed by inhelder and Piaget (1958) was a second simple approach

comparing the nuymber of times ch; target o.tcome occurs with the supposed

cause {or covariate) with the number of times it occurs'without thaﬁ cause

(for exauple, healthy plants with plant food vs, healthy plants without plant

food). This would compare continébncy table cells a and E_(strategy a-versus-b),

This strategy was identified by Inhelder and Piaget (1958) as typical of

young adolescents and Was found by other investigators to be common among high

school subjects as well (Adi, Karplus, Lawson and Pulos, 1978).
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inhelder and Piaget (1958) proposad a third strafegy as characteristic

s of formal op;rational thinking. That is, subjects would compare frequencies
of events confirming (cells a and d) and disconfirming (cells b and ¢) @
relationship of a particular direction. This rule would cémpare the sums of
diagonal cells in the contingency table (sum of diagonals strategy).

Finally, Jenkins andiWard (1965) propose that covariation is most accurately

assessed by comparing the conditional probabilities of an event occurring
given each of the alternative states of the other variable (e.g., hlant health/planc

. food vs. plant health/no plant food). ¢This would compare the frequéncy ratio

{conditional prebability

-
. . a s
in contingency table cells - : with that in cells
A g

—

b+4
strategy, .

This analysis of possible rules may allow diagnosis of strategies actually
employed by children ¢f various ages. 7That is, different rules should pr-duce
different judgments on carefully constructed covaristion broblems. 4 sec of

q ! such problems is illustrated in Tables 22 and 2b. Sclution accuracy is indexed

™ Tasert Tables 2a and 2b here

E -

by the direction of the judged relatioaship (i.e. A1 more likely given By, By,

: or no difference). Problems are structured hierarchically such that cell-a
problems are correctly solved by all strategies, a-versus-b probleme are
accurately solved by all strategies except cell-a. Sum-of-diagonals problems
are accurately “ndged by sum—of-diagonals and conditicpal probability strategies

' and conditiona rability problems are accurately jfudged by rthe conditional

probabilicy rul one {iee Table 3}, The prcbability of matching rhese
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.Insert Table 3 here
{

judgment patterns by chance aione is ,11 for ceil-g, .04 for a-versu >, .0l
for sum of diagonals, and .005 for the conditional probabilit} pattern.

Shaklee and Mims {1981) used this rule diagnostic approach to study
covarlation judgment strategies used by subjects from 4th grade through coiiege
age. Subjects’ judg;ent patterns in that age span showed a strong developmental
trend, with the a-versus-b strategy evidenced by substantial numbers of subjects
beginning in the fourth grade (29%), and sum of diagon;ls the modal strategy at
7th and 10th grade 8503 of subjects}. Conditional-probabilicy pattems were
produced by many subjects at the 10th grade (27%) but were still used by a
minority of subjects even in the college years (38%). Thus, this evidence
supports previous investigators' suggésuions thaf children may use simpler,
less accurate rules as precursors Lo pature reasoéing. However, thase results
deviated from previcus conclusions in two notable ways. First, the commonly
proposed cell-a judgment pattern was rare among subjects at any of the ages,
tested {0~-8%). In addition, the level of mature reasoning most ofren fell short

of the optimal judgment strategy.

IR PATLEN)

These results further contrast with findings in the causal reasoning
research where use of covariation informatior. was seen in causal judgment
anyvwhere from presch»ol to 8-9 years of age. Shaklee and Mims (1921), on
the other hand, find’that nearly half of fourth graders showed no systematic
bases of covariation judgment. & look at the causal rrasoning research indicates
that these studies offered cnildren a relatively ea§y task of covariation judgment.
DiVicto and McArchur (1978), for cxample, summarized _he covariatica informarion

tor the subjects, allowing children to use the inferpation in causal judgment

when they might not be able 1o derive thzt information for themselves,
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In the remaining studies (Shultz & Mendelson, 1975; Siegler & Lisbert, 1675),
the target event and its possiple causes were either perfectly contingent
or completely independent. Studies of covariation judgw :nt, on the other hand,
commonly ask for judgments about less-than-perfect relationships. This analyzis
would indicate that young children may evidence a véry simple understanding of
covariation which does not hold up well when judging relationships of intermediate
strength.

A final related paradigm must also be considered in understanding -hildren’s
covariation judgment. That is, one commonly employed test of probability
judgment is one in which a child is shown two piles of marbles composed of
different proportions of marbles of twe colors. The subjest is asked to
indicate the pile fi.m which he or sn. would rather make a blind choice in
order to obtain the marblzs of a particular color. The judgment is firmally
comparable to a covariation judgment, where a subject decidas if a given outcome
is more likely under conditicn Al or Az. Siegler's (1981)'rule analysis of
children's performance in this paradigm shows systematic rule use by a narrow
majority of 5 year olds with most of those children using a rule comparable to
the a-versus-b rule in covariation judgment research. By 8-9 years of -age
a substantial majority of children were using systematic judgment rules,
with & comparison of conditional probabilities the mcdal response pattern in
Experiment 1, a-versus—-b the dominantly used rule in Experiment 2. Each
experiment found a comparison of conditional probabilities to be the most
common rule among 12 year olds and adults.

Thus, in contrast Lo covariation Judgment research, Siegler found that systematic
rule use in a related judgment occurs at an earlier age, culminating in use of the

optimal rule byv early adolescerce. Siegler's (1981) findings may suggest that Shaklee

71
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and Mims (1981) provide 2 comservative estimate of children's acquisition of
systematic bases of covariation judgmenp. Causal reasoning research also
indicates that some simple understanding »f event covariation way be :een by

the early elemencary school years. Possible resolution of these differences

may begin with a careful look at the covariation judgment paradigm. The reliable
strategy use evidenced by older subjects clearly indicates that theyY understood
the experimental stimuli and procedures. However, among the fourth grade

sample, 25% of the subjects produced unclassifiable response patterns, %nd

an additicnal 21% passed no strategy criteria at all. This hig™ & e of L
unsystezatic responseg may indicate that a substantial group of these chii&hen

e
were confused by the paradigm and thus, unable to demonstrate sys:emaciE rules

which may be in their repertoires. If this were the case, 2 simplifieﬂ approach
should be developed to test these younger subjects.

We address the question of early covariation Judgment in twec ways.
Experiment 1 employs 2 simplified pafadigm to examine the develorment of
covariation judgment rule use among young elementary school children. @nce
these normative trends are establisfed our second stﬁdy investigates sources of this
shift to systematic rule use, In Experiment 2, we test information components which
may be sufficient ¢o elicit re.iable rule use among young children.

Experiment |
Simplitication 65 our previous experimentél procedure was accomplished in

two major ways, First, we sers concerned that younger subjects might not

understand the scimuli represented in the 2 x 2 table. As a result, a gew
introducticn expanded the discussion of the contents of the table, doxing the
subject €2 pelnt to examples of each of the four possible combinations of
event states in the table.

Secondlv, we suspeccted that our previous question feormat might be ovvrerly
complex for ghe vounger children., The previous question asked {1n the plaat

fond example discussed above),
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When theyv got speclal food, plants were

a) more ligely to be healthy than
b) just as likely to be healthy as
c) less likely to be healthy than
when they didn't get special food.
A reformulated question offered simpler syntax:
Plants were more likely to ger better if
a) they got the special fooé
b) they did not get the special food
¢) no difference
We expected that this simplified questionm would be more appropriate
Lo the language competen&ig; of younger subjects. Experiment I also included
two different problem sets in angicipation of our needs in the subsequent study.
Methed
Subjects
Subjects in the experiment were respondents to an advertisement in a small
town newspaper offering.payment to second, third and fourth grade children for
participating in a psychology experiment. The resultant sample included 37 second
graders, 1§ third graders, and 17 fourth graders.
Problems
Subjects judged one of two sets of 12 covariation problems, each structured to
produce a distinctive pattern of solution accuracy by each of the four proposed judgment
rul=s. In one set of problems, cell frequencies totaled 36 for each problem (set 24),
in tha other set, cell frequencies toraled 36 for each problem (set 36). Except for
these frequency differeances, tha two problem gers were identical in other respects.
Tables la amd 2b show the actual problem frequencies used for the problems in ezch of
the two sets. The 12 problems in each -et included three problems for each of the four
sirategy tvpes. uJne noncontingent (middle row Tables 29 and 2b) and two contingent

relacionships (top and boctom rows Tables Za and 2b, P(AI!BL) - P(A|!B2) = (.40 vo .50)

|5 79
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were included for each problem strategy type. Table 3 shows the pattern of solution

accuracy congruent with each of the proposed rules.

Each problem was set in a concrete context of two everyday events wivich
may or ﬁay net be related. Each individual event pairing was ifllustrated with
a small picture showing the state of the two variables (é.g., plant sick or
healthy/plant food present or absent). Three problems pictured bakery products
which either rose or fell in association with the presence or absence of
yeast, baking powder, or a "special ingredient”. In three other problems,
plants were pictured as healthy or sick as a possible function of the presence
or absence of plant food, bug spray, or a "special medicine'. In three problems
people or animals weré%pictured as sick or healthy as a possible
function of the presence pr absence of a shot, liquid medicine, or a pill. The
three remaining problems pictured a possible association batween space
creatures appearing happy. oxr sad in the presence or absence of one of three
weather conditions {snow, fog, or sunshine}.

For each problem, data instances were organized in a 2 x 2 table., 1In

" each case, the manipulated factor (or envirommental event) defined the table

columns {e.g., plant food, no plant food in example below), and the outcomes
defined the table rows (e.g., plants healthy, not healthy in the example
below). Each problem was introduced with a paragraph describing a context in
which several observations were made on two potentially related variables,
S;bjects wers asked te look ar the pictured information aﬂd to identify the
relative likelihood of one of the events when the second event was eifther

present or absent. An example problem follows:

74
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A planc grower had a bunch of sick plants. He gave some of them special

plant food, but some plants didn’t get special food. Some of the :1ant§

got berter but some of them didan't. In the picture you will see how many

times these things happened together. The picture shows that the plants

wéée more likely to get better if:

' 4, they got the special food.

B. they did not get the special food.
C. no difference (they were just as likely to get better with food

as without the food). f

The 12 problems were grouped into problem blocks, including one problem
from each strategy type. Problems within each block were arranged in a single
random sequence. The three problem blocks were sequenced in a single random
order. Numbers in parentheses to the left of the problems in TaBles 2a and 2b
indicate the position of each problem in the problem sequence. )
Procedure

Each subject was tested individually. Introductory instructions introduced
the subject ro the concept of covariation In the context of "things that go
together”. Naturally occurring examples were given of positive relationships
(i.e., tall people are more likely to be heavy than short people), negative
relationships (i.e., it is less likely to rain when it is sunny cthan when it
ig ¢loudy), and unrelated events (i.e., a green truck is just as likely te run
out of gas as a red truck). Subjects were told that they wouid be given some
problems about hypothetical events that may or may not tend to go together.

Two sampie problems were used to ¢larify rhe information In the 2 x 2 rable.

The first sample problem was read to the subject. The subject was told thas
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pictures in the cells showed the occcurrence or nonoccurrence of the two events
in the story. The experimenter then pointed out that each cell represented a
different combination of the two_ possible events and stated what these were.
The subject was asked teo peoint to cells correspondi;g to specific combinations
of events“given by the experimenter. The experimenter explained that each
picture in éhe cells represented one occurrence of a partizular combination
of events, so that the number of pictures in each cell represented the number
of times that combination occurred. The experimenter then read .he covariation
question to the subject and asked him or her to answer it based on the events
pictured in the ctable. 1t was emphasized that subjects should answer the
questions based on what lLad occurred in each story problem and should avoid
basing answers on knowledge of common everyday occurrences {(for example,
that it is more likely to snow when it is cold, regardless of cell frequencies).
Each subject gave a solution to the problem and repéated the procedure on
the second sample problem. Subjects were encouraged to ask any questions
they might have about the task.

The subject then proceeded to the 12 problem set. Each of the problems
in the set were rvead to the subject by the experimenter. Subjects were allowed
te answer the problems at their own pace,

Results

Qur main interest in this study was to establish trends in strategy
use among these younger subjects. As a result, the analyses in this study use
subjeet strategy classificarion as the dependenﬁévariable of interest,
Subjects were classified for strategy use according to the methed llletrated

in Table 3. A subject was said to have "passed” a given problem type if he or

she was accurate ou two or more of the three problems of a giyen problem type,

T TR
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A subject who met this criterion on all problem types would be classified as
a conditional probability rule user, subjec-s who passed criteria on all types
except the conditional probability problems were labeled sum-of-diagonals
judges. A-versus-b judges should pass the cell-a and a-versus-b probleﬁs,
but not the_other problem types, cell-a rule users should pass criterion on
cell-a problems alone. Subjects who passed no problem types were labéled

Strategy 0; &ll other judgment patterns were categorized as unclassifiable,

Table 4 shows the rule classifications of subjects in each of the three grades,

Insert Table 4 here

The modal classification at each of the grades was a-versus-b, with very few

subjects showing evidence 0f use of more sophisticated rules and a few subjects

at each grade wirth cell-a rule judgment patterns. Many subjects in the second

and third grades made ju@gmenté that were not claspifiable by any of our rules.

Effects of grade level and problem set were examined by assigning subjects a

score according to che number of problem type criteria passed. Thus, Strategy

G subjects were assigned a score of 0, conditional probability subjects a

score of 4, Unq{?ssifiable subjects could not be clearly ranked in this way

and were excluded from these analyses. Dara fron the remaining subjects were

analyzed in an analysis of variance with subject's grade (2, 3, or 4) and

problem set (24 or 36) as factors. These analyses showed a significant effect

of grade, ¥ (2,51) = 3.30, p < .05, with third and fourth gradexrs similar to

each other, and classified as using more advanced rules than the 2nd graders

(buncan's muitiple raange test, p < .03). Problem set effects were not significant

J———
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Discussion

Related research in causal reasoning and probability judgment indicated that
child;en might show some simple undierstanding of event covariation by early clesentary
school. This experiman; found that a majority of children do show systematic rule use
in covariation judgment by the second grade. Significant age ¢~ ends also show an
increase in systematic rule use with age in the second to fourth grade age span. Rule
categorizations in this age range show a substantial decline in unclassifiable and
Strategy 0 subjects with increasing age and an increase in a-versus-b rule use.
Bowever, use of more advanced rules was rare ;t all ages tested.

Comparison with Shaklee and Mims (1981) indicates that subjects did indeed
show earlier competencies 'with our revised procedure. Nearly all fourth graders
were classifiable by one of our proposed rules in the present experimgnt and
2 majority of children showed systemacic rule use in the second and third grades.
Overwhelmingly, these children were classified as using the a-versus-b rule. The
low freqﬁéncy of more sophisticated strategies i35 comparable to that seen in
our prior research. Also, simjilar to our past results is rhe low rate of
usage of the cell-a strategy. This is especially interesting, given that it is
ti'e most common ©of the pfoposed judgm;nt strategies and was even said to be
the modal strategy among adults (Smedslund, 1963; Nisbett & Ross, 1981).
Our evidence finds this strategy to be rare among children.as young as second grade.

¥

These results would indicate that our prior procedures may have been
unnecessarily confusing ro you..ger subjects. Our prior and present procedures
were not systematically ¢omparedlin this paradigm, nor did we compare aspects
of che changed procedure (e.g., instruction vs. questinn format) in a facrorial
design., As a reswlt, we can offer liétle information abont what aspects of
the prior procedurs may have been a preblem., . However, it is ¢lear that we

have developed a procedure suitable for use with young children, These findings

)
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indicate that children as ;oung as second grade use simple but systematic rples
in judging event relatjonchips.

age trends in this paradigm show origins.of rule use in covariation
judgment ar age levels comparable to that of researchers in causal and probabilistic !
reasoning. However, in gpe respeét, these results differ from Siegler's .
(1981) data on children's probability judgmeats. In those experiments, substantial
numbers of ciildren used the conditional probability rule by 8-9 years. 1In )
fact, a comparison of conditional probarilities was the modal response pattern in this
age group 1o gne of his experiments. In contrast, none ¢f the subjects jin
this experiment was classified as using the conditional probabi%ity tule and only a
few used the sum of diagonals rule. Ouy past research (Shaklee & Tucker,
1979; Shaklee & Mims, 1982) found the conditional probability rule to bé used
by only a minority c¢f subjects even at adulthood. Thus, comparability between
these paradigms in ce?ms of early rule use is not ﬁatched by performance
similarity in the later years. Expressing a judgment‘in terms of marbles in
piles elicits more advanced rule use than a question asking for a comparable
decision in terms of covariations between potentially related events. One
difference may be that our problems are set in contexts of 2vents that are
readily interpreted as causally related. Adi and colleagues (19?8) found tl
subjects used simpler, iess accurate rules In evaluating cause—effect relationships
than in making covariation judgments on analogous problems. Evidence such
as this may indicate that covariation judgment in a causal context lags behind
the same judgment about non-causal relationships.

Our evidence of systematic rule use at an early age is intriguing, but

equivalently interesting are the unsystematic judgments of so many age peers.
k .

i

That is, QC-SECOHd and third 8rades a majoricy‘of children are classified by

one of our rules (337 snd bl respecrively), buet a subsrantial minority in
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each grade produge unsystematic judgment patterns (19% and 397 respectively)
or pass no problem type critevia (Strategy 0 = 22% of second graders).
Inspection of individuali subjects’ judgﬁen: patterns failed to identify any alternative
strategic bases of these responses. Thus some children are uns&stematic in :
rule use at the same age as other children begin to show use of simple
judément strategies. What did these rule users know that allowed them to judge
the problems in a systematic fashion? Several factors may differentiate these
rule users from their unsystematic age peers,

One possibility may be':hat unsystematic subjects are not using the tabled
frequencies at all, but rather are judging the event covariations on the basis
of their prior expectations about the e;ent relatiqnships. For example, such

children may decide that plantgsare more likely to be he&dyhy wién the}y get

plant food based on their real world experience, regardl of the event

frequencies in the problems they are asked to judge. Ouk instructions already
caution subjects against making expectancy-based judgmentsfbut those instructions
may be readily forgottenm as the subject solves the pryb ems,

Expectancy-based judgments may be a source of unclassifiable response
patterns, but what leads others of these young subjects to adopt an a~versus=b rule?
We susp?cted that the judgment question itself m;y direct children's attention
to cellls a and b of the contingency table. Asked if plants are more likely to
be healthy when they get plant food or when they do mot get plant food, z
subject may look at these two event conjunctions {i.e.,, healthy plants-plant food,
healthy plants-no plant food), A subjects must also attend to the comparative
i?pect of the question in order to employ the a-versus—b rule. Mastery of either
th" ttention direction or comparative aspects of the judgment (or both) may be
key competencies underlying the shift to a—veréus~b rule use at these early

ages.

&
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These are plausible sources of development in cevariation judgment, but
their roles in the origins of systematic rule use have Qet to be demonstrated.
An approach often epplpyed to model 2 naturally occurring developmental rrend
is a training paradigm. That is, one might identify a training program which
teaches ndn—rule'users the knowledge said to differentiate those subjects from
rule-based age peers. Contents of a successful training procedure identigy.at

least one sufficient mode% to account for the natural transition to systematic

® *

\ -

rule use, : L ,

Experiment 2

We propose to use this tfaiﬁing §tra£ng'in Experimené 2 té inveétigate'the
origins of systematic rule use in jﬁdéing event covariation. Results of

Experimgn£ L indicated that reliable rule us=2 was'élready becoming common in the

secofld grade sample. Thus, Experiment 2 was an atfempt tO train first and second

grade’ children to use the a-versus-b gule. We chose not to train children in use

-

of the cell-a rule since it so rarely occurred naturally.

.

If young children's judgments are unsystematic because they ar: expectation-based,
this problem would best be treated by drawing cqildren’s attention to the
frequency information in the tables., Thus, oﬁe training procedure directéd
children's attention to the frequencies involved in the a-versus-b rule, i.e.,

3
cells a and b. This was the reasoning behind the Attention-only condition, where,

~

on a set of & training problems, the experimenter asked the subject to point
to the event combinations specifically mentioned in the question and to count
the number of cases in each of the two cells. Subjects then made their covariation

judgment.

As suggested previously, a subject may also fail to use the a-versus-b

rule because he or she misses the comparative aspect of the question i.e.,, which is

ﬂ:g.lr'?.. Oy

e

movre likelv. & second group of subjects were given the Attention instructions on
mete '

i

5,

g

the trawning problems and, in additiun, were specifically asked which of the two

81
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cells had more cases in it. Subjects then made their covariatjon judgments. This

" group is the Actention-plus-more training group.

-y . \? .
A final group is a no-training control group, who judged the same >
A

problems but were given no special {anstruccions.
N .

.

All subjects were pretested to establish initial rule use. Unclassifianle,

P
2

. x-(} -
Strategy 0 and cell-a judges were ingldded in the paradigm. Subjects were
., , .
randomly assigned to one of the three conditidéns. Training effeCt? were ‘measured

in a posttest given about a week after the training session. In view of their

comparability in Experiment 1, -problem set 24 and set~36 Yere problems in this

. .

experiment. '

Mechcd

Subjects ' ‘ . ’ ‘ ,
1 ‘. : i , .
Subjects vere respondents to ads iA a small tbwn nevspaper offering-first
|

and second graders pa?&ght for participation in a bsycholoé} experiment. TForty-
nine subjects participated in the pretest session'of the experimenq; However,
13 su§jects were dropped from the Experiment becauseath;ir pretest strategy
indicate at they were already ;;ing the a—vérégs—b (9 subjects) or & more

ﬁ_ﬁidvanced stfategy'(3 sum-of-diagonals subjects, 1 conditional-probabilicy

subject). The remaining 36 subjects (18 males and 18 females) included 13

*
v

unclassifiable, 17 Strategy 0, and 6 cell-a subjects. Mean age of these
subjects was 7 years-6 wonths (range 6 years-10 months to 8 years-0 months).

Precest

]

Problems and instructions on the pretest were identical to those described
in Experiment i. Half of the subjects were given problem set 24 for the
pretest and set 36 for posttest, the remaining.subjects were grven the problen

) .

setg in the reverse seguence, ¥

Pace the problem set was complected, the experimenter determined the
L]

i subject's judgment strategy in the manner described in Experiment 1.

L
8,{:

.
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Trainiag

Si1x new problems were developed for trainiag. These problems used cell

freque~cies and contents which were different from those ueed in the two test
sets. Subjects classified as cell-a, Scrategy 0, or unclassifiable were

randomly 2ssigned to one of three training conditions (12 subjects per condition).

Attention-Unlv. This tralning was designed to direct subject's attention

to the two event pairings specifically mentioned in the question {i.e., cells
a and b). Verbatim instructions for thislcondition were as f.llows (portions
were re-phrased if necessary): |

In doing these problems, you may have had a cextain way of deciding which

answer you thourht was tight. For example, ;ou may¥ have thought that

certain boxes and the pictures in them were important and other boxes
A

were not lmpertant in answering the question. Or you may have compared
certain boxes with eaca other. If one thing happened more than another
thing, it may have been more likely te happen. Now we are going tc see
if there uight be anoth2r way te solve these problems that may be better
than the way you used. We will try to decid2 yhich boxes and the pictures
in th.. are important in deciding which answer is right. I want you to
think hare auww about a good way to answer }hese problems. T'll ask you
some ques.:on. to help figure out a way Lo decide what answer is right.
(The first problem and question were read to the c¢hild.)

If we wanted to decide which answer is right, it is important to loock at
eachk answer and find good examples or pic:ures&that ma show that thing
happening. For example, lert us suppose we wanted to see if answer a
might be the right auswer. :nrwer A 331vs {(2.2., the bugs a.e more likely
vQ cra | on the leaves when {r i3 =supny ou;). Could you show me which
bei or plctures are good examples of that? Which pictures show wher2 the

(bugs crawl on the leaves yhen it is sunny ecut)?

8o
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(Subjects should peint to cell a, and were corrected if they did not.
When subjects did point Lo cell a:}
Right. Can you tell me why? So these pictures show the (bugs crawling
on the leaves when it is sunny out). This is 2n important box to look at
in deciding if answer A is right. And how many times did thar happen?
3o there are good examples of answer A.
(The experimentar alsc poirted to otqer celle, asked »r pointed oyt why
f

I

they were not good examples.)
Now let us look at answer B, because that could also be the right answer.
(The same procedure was repeated. Subjects should point to cell b. The
experimenter selected answer A and answer B to be discussed first with
approximately equal fregquencies. The discussion was then summarized.)
Okay, so that p~9us that if we wanted to see if (question with answer A
is read) tnis box (cell a) and the pictures .n it would be important to
look at. /nad we see that it happened ;__#__times. If-we wanted to see
if (question with answer B is read) this box (cell b} and the pictures in
it would be important to look atr. And we see that this happened
times. It IS alsc possible that answer C is correct, that it didn't make
any difference (if it was sunny or not, the bugs were just as likely ro
crawl on the leaves)
The govariation judgment question was then read to the subject and he or
she made a response.

Attantion=-plus=-more. This training conaition was designed to ermphasiza

L' r comparative aspect of the question, i.e., which outcome was mure likely? The training
builds on the Afrtentioa-only training described earlier. Subjects in this condition
heard a.. «f the instructlons in the Attention-only training, and were then

asxed o maKe 1 .rect cor irison of cell 2 and cell b frequencies ("Which of

S A S e i g B ol o o e e g i e P m———
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these two things happensd more?"). The experimerter then read the
covariation judgment question to the subject and he -r she made a response.

Control. Subjects in this condition judged the same problems as subjects
in the other groups, but were offered 11 training instructions.

In each training condition, the procedure described was repeated on the
six training problems, Feedback (positive or negative) was not provided
following the subject's answers to the covariation judgment question,

Posttest

Subject fatigue prevented an immediate posttest of training effects.
However, all subjects did return approximately one week latsr for a delayed
posttest. This posttest was administered ﬁy a second experimenter who was
blind to the training condition of the subject. The experimenter first
reviewed the stimuius marerials and probliem format by presenting one of the
vample problems used in session 1. Following this, the second problem set was
administered in the same manner as in session j. Suhjests yere tested on
the oroblem set (24 or 36) nct judged in the pretest session. following
complerion of the problem set, subjects were trold the purpcse of the experiment
and its potential relevance to everyday causal reasoning.

Resules

The Tirst ipdication of the relative success of the training methods
was children's periormance on the 6 training problems. Subjects respondsd in
the manner predicied by the a-versus-~b rule oa 43.1% of the problems in the
COnC ur Broup, 72.25 of the problems in the Attention-only group, and
Q7 .Y 3f tne oroblens wn the Attzaticn-~plus-more group. An overall amalysis

of variance indicates these differences to be relfable, T (2.33) = 18.81,

B , . - .
Lo po- L0b. Pairwiie comparisons indicate thaf guch training group s sivniticantly

dit’erent trxm eich of the other groups (Duncan's mulcinle ranpge test, - 05},

F l{llC 8o
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Effacts of the tyaining procedure are most clearly assessed by comparisen
of the postrest perfcrmance of subtjects in t: - training and counurol conditions.
These effa2cts will be analyzed boch in terms of the accuracswy of subjects on
the varicus prodlem types and in terms of their posttest stracegv classifications.

For each subject, posttest ‘. Jdgmenl accuracy was assessed in Usrms of the
percentage of correct judgments for each of the 4 problem types. These data
were «<nalyed in an analysis of varlance including problem tyre (4 levels) and
subject’s training condirion (3 lavels) as factors. This analysis indicated a significant
main effect of problem type, F (3,99 = 17.22, .p < .00l, and a significant
interaction between problem type and training condition, ¥ (£€,99) = 5.78, p <.00!.

As the means indicate in Table 5, Attention-plus-more subjects were

Insert Table 5 here

substantially more accurate on cell-a and a-versus-b problems than on sum of
dfagonals and condirional probabilicy prob{ems. Attentiorn-only and control subjects’
performance were similarly poor across problem types. The m#rin effect of
training condition was not significant.

Pretes: and postiest stracegy :lassifications were compared for zach

sublecs to note training effesta. Judgment was said to have Improved if a

subject was classified as using the a-versus-b, sum of diagonals, or condicicnal

] probabil.ty strategy at peosttest. Table 6 i1ndicates the frequencies of improvement
-
; insert Toabile 5 here
E - ~ e —————— L
l
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an overall «’ shows these training effzcrs to be signiiicancly different
Setween conditions {((* = 11,02, df = 2, » < .0l). As indicated in the table.
rates Of lmprovement gere at similarly low levels (25¥) in the control and
srrzntion-only conditions compared with substantial rates of Improvement (83))
among Attantion-plus-more subjects.

Discussion

These resulrs offer clear evidence of the differential effectiveness of
our various training condirions. Fi;St, spontaneous improvement from test
¢ retest was rare among subjects in the control condﬁtion. This would
suzgest rhat these young subject's problems were not simply lack of gamiliarity
with the problems.

Improvement rates were equally low in the Attencion~only condition. This
null - <% indicates that simply directing attention to cells a and b is not
sufficrent to ellcit a-versus-b rule use among these children. The fzilure of
Attention-only idstructions may imply that subjects at this age already know
how to find the cells mentioned i{n the question. T1f this were the case

control and Attention~only subjects would be essenrially equivalent in knowliedge

atate at postiest. One vould also expezct that the Attentisn—only training wo _d

xS

ficiext vo vvercome any tendency to make expectation-based judzments.

be su
That 3. children’s arrention w3s repeatedly direcred te the infosmation in

e tapie calls, Toieed, the thildren's improved perfcrmance on the training

Fraocieds 3u.2¢50s tic € the training was successful in eli¢yLing frequency-based

Jadertens o Howewe s, tooee wofer td were net maintained at the posttest one

WRAe laleT. o L oLursc, anv [Dorffect t 0 it 1o st onte alternative intsrpretation.
eifoT T, T Ainent LT, wonditien wm cThave sumply been leffoltive

1T bl oo, H Fen 3w —aweed e £,0r S 0td have heen s .21ent o oeliear
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However, the Attention-plus~more training did result in reliable improvement
at the p- rtest., This finding indicates that the comparative aspect of rhe
judgment may be & key obstacle to natural use of this simple rule by voung
subjects. Alcthough they may koow that two &ells of the table are relevant,
apparently subjects this young cannot spontangously derive a way to combine
that information to make a single judgment. Our training in the "more" rule
apparently offers them that informarion. ince this training builds on the
informacion offered in the Attention-only condition, this effect may hinge on
the combined influence of the atteation direction and comparative aspect; of
the question. Jnfortunately a "More-only” condition is logically impossible.
One cannot talk about comparing cells withcut designating which cells are to be
compared. The fact that these train‘ng effects hela over a one week delay
period indicates the reliability of knowledge the children acquired.

Finally, it is worth noting :he specificity of our training effects. That
15, all children vwho improved in strategy use showed use of the a-versus-b
strategy. This aspect of the resulrs indicates that subjects were not simply
learning to be systematic in judgmenl bases. Rather, they acquired cne
specific judzment rule. On this problem set, use of the a-versus-b rule did
not lead ro an overall improvement in judgment accuracy. This is by desizn
of the prubiem set. That 1Is, a-versus-bd judges shculd be correct on cell-a
ard a~versus-v problems but incortect on the sum of diagonals and conditional

problams. Thus, the successful Attention-plus-more training actuallv results

in worse petiowmance ¢f hal® of the problems compared to the other two condit:icns.

Thaerse ftraining effecrts offer one suff.cient model of the aatural procers

11 ajei s the a-versus-b mule. That is, subjects whose attontion was

oo eils o oand b oond whe were Inatructed to compare the two celis
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showed a-versus-b rule use. Thus, these two krnowiedge components may be the
source of children's natural shifts to a-versus-b rule uyse. Of course, a
sufficient process i; not alwayf a2 necessary one. That is, children may
spontaneousiy discover the rule through yet another sufficient process.

These training effects may also be ap;reciated in a broader context.
That is, research in causal reasoning indicates that some simple understanding of
event covariation may begin in early elementary school (Shultz & Mendelson
1975; Sieéler & Liebert, 1974). Siegler's (1981) work in probability judgmenE
shows similar age trends in children's use of simple rules in comparing
probabilities. This evidence indicates that thcse competencies may be shown

at an even earlier age with a brief training procedure. It may be interesting

to see if these improveme! ¢ in covariation judgment would influence children’s

*
a

causal reasoning as well, This way be a domain in which to test children's
ability to apply statistical concepts appropriately to related juigments.

Whether children could learn to use a more complex rule with appropriate
tralning is a question for future research. However, the level of math
involved in our other rules may preclude their use in early elementary school.
The sum of diagonals rule requires a comparison of two sums, the conditional
probabillty rule compares two ratios. These advanced arithmetic competencies
are likelv to be outside of the capacity of such young children.

In overview, these two studies offer mew information about ceovariation

Judgment in the early elementary school years. Toat is, many childven .

]
il

spontanecusly show use of the a~versus-b rule as early as second grade.
Children as vouly as tirst grade can bé Caugnt Lo use this simple rule if
sffeved tne ralevant mnformation. This training evidence affers one -ufficiens

mrdel of the natural acqurisitavon of 3 swmple ruie for judning rels onship.

butyeen evenrs.
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Footncte :

lije had some diffighlty defining a nr~contingent reiationship for the
sum of diagonals problems. The probiem we included (middle problem, column
3, Tables 2a and 2b) deviates slightly from independence (P(AllBl) -
P(Al!BZ) = ;.06, set 24, —-.03 set 36) by th; conditional probabilicy rule.
As a result we sccred responses as correct if subjects concluded chat AIIBI
wa~ either less likely or just as likely as Al!BZ. The probfém does discriminate
appropriacelx between the other judgment rules. Cell-a and a-versus-b judges ”
should say thact AllBl is more likely than Alle, sum of diagonal judges should

say the two outcomes are equally lilely.




Table 1

Contingency Table Cell Labels
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Al a b
Az C d
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Table 2
A) Cell frequencies used for problems in problem set 24. ‘
) Conditional
Cell 3 a versus b Sum of Diagonal Probability
Problems Problems Problems Problems
an B By 6y B1 By 2 81 B2 sy B1 B2 :
:‘sl 11 2 Al 7 3 Al 2 2 Al 2] 12 |
Az 4 7 A2 2|12 A2 2 EE_ Az 0l io
(3) Bl ?2 (9) Bl i?,2 (7 Bl i?v2 (12) Bl B
A, 6 6 a1 313 a9 7 aj f L] s
A, 61 6 A, 91 9 A, 51 3 A, 3115
\
(3 Bl 32 (4) B1 B, (10) By 32 (1) B, B2
|
Al 2i1 i AI 4 {11 AI 8 AI 12 2
A, 7] 4 : Ay, | 811 Al 8] o a4, | to| o
Cell frequencies used.for problems in problem set 36.
Conditional
Cell a a versus b Sum ¢f Diagonal Probabilicy
Problems Problens Problems Problems g
(11 B1 By (6) B, B, (2 B, B2 (8) B, B, é
A, 16 ] 4 SEIE a | «] 4 a | 3]s E
A, 6|10 Ay, | 7|16 A, 4 (24 A, 015 ;
E
(3) B B2 (9) B B2 .. (7 B, B, (12) B, B2 :
| f “
A 9| ol a1 5| s af1z] 9 ALY 2f 7 1
s ol 9 A, [13]13 Al 9] 6 3, | 6] 2t %
(3 E&1 B: (4) Bl 32 (iom i?p1 32 (1) 81 }32 .:
A 3 :s,‘ Al | 5118 Al (18] s '
o . o
AZ i ?J A2 9 3 A2 11 3 A2 15 0
94
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Table 3
Strategy Classification Criteria
3
Strategy use and resultant patterns of problem accuracy.
(+ = accurate, 0 = inaccurate)
* Problem Strategy Type
Celil Sum of Conditional
’ a aversus b Diagomals Probability
Conditional
Probability =+ + + +
Sum of
Diagonals + * * 0
Subject
Strategy 2 versus b . + + 0 0
Type ‘ -
- Cell a + 0 0 . 0

' Strategy 0 G - 0 -0 0
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. Table 4 -
: Experim ut/l L -
Rule classifications of wubieets by trade {percentages) )
R 1 . ' . . !
. Strategy Clussification . !
Grade ! :
Uu{_hl..ns- ‘T:Ium of . Candrtlonal ’ -
ifiable Strat«gy 0 (e¢ll-a u=versus-b Diagonals trobability N 1’
2 19 LA 16 40 .3 0 37
R .
3 39 Y 11 44 6 0 13
\\\ +
4 6 N - 18. 71 6 0 |2
b 1
E - . - 4/
g
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g
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Table 3
Experiment 2
Mean percent corre:t for each prqblem type
Problem Type
Conditional
Cell-a a=versus=b Sum of Diagonals Probabilicy
83.3 80.6 8.3 ; 5.5
55.4 44.3 27.8 33.3
52.8 38.8 44.4 24.8
63.8 54.6 26.8 21.2

-
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¥

Effects of a-versue-b training on pusttest performance

Control

Attention
Culy

Attention
plus more

Totaf

Didn't
Improved Improve
3 ki
3 ¢ 9
+7
10 2
16 20
/S

Total

12

12

12

36




Training for ?hproved Covariation Judgment

Haryiet Shaklee, Laurie Hgll, and- Don Paszek

- University of Iewa

Paper presented to the Psychonomics Sociaty, November, 1982, Minneapolis, Minnesoza.

This cesearch tas supported by a National Institute of Edﬁtcacion Grant G-8G-0091
avarded co the first author. Many chanks £o Paul Holt and Nancy Qatken for !
assistance in data collection.

9o

V- [ - e . - - - . . e e e — — e i e mmm e mmmesa® s e s me e o mas om ooen o — =



ERIC

Aruitoxt provided by Eic:

s

& variety of theorists have suggested that covariation judgment may

\

be a key element in causal reasoning. That is, people may find likely

causes of zn event bY searching for covariates of that event, "If causal

: LB o . . : -
and covariation judgment are interlinked in this way, thea #ccuracy of

[

. . 4
covariation judgwent may set an upper limit to an individual's competence

* »
at causzl reasoning.

Evidence from our owprinvestigations indicates Ehat people show .,
wide individual differences in competence at covariation judgment, In
particular, a'héjority‘of adults employ rules Shich may lead to better .
than chance aécu;acy, but which result in systematic erroxs on same -
event relationships, We've focused our investigation on four strategies
which might account for subjects’ judgmen? patterms. Each of these
strategies will be discussed in terms of the fQﬁr cells of a2 2 x 2

i

contingency table, labeled cells a, b, ¢, and d in a left to right, top
n .

to bottom sequence. One commonly Proposed strategy is ‘te judge a relationship
according to the number of times the térget event states co-occur, cell-

a of the contingency table, We term this strategy the cell-a strategy.’ .
A séﬁond approach might compare t“e number of times the target event

occurs with igs supposed cause wirh the number of times that event

occurs without that possible cause. This strategy would compare frequencies
in contingency tablg_cells a and b, a strategy we call a—~versus-b, A

third strategy migﬁt compare the number of events confirming a relation?hip
of target event and supposed cause wich the-number of events which would
disconfirm such a relationship. This strategy would compare the suym of
frequencies in cells a and. d with that of cells b + ¢, a straregy we

rerm sum of diagonals ((a +d) - b + ¢)). Finrally, a marhematically

sophisticated approach would ccmpare the probability of target even.

10u
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given the supposed cause with the probabiiicy of the eve.at when that

cause was absent. We call this strategy the conditional probabilfz;:

strategy and is the only one of our strategies which w%}l always produce
?torrect judgments of evth covariations. ‘

"Thus, we pPropose four different judgment rules varying ip complexity

and likely accuracy. Since differént rules should produce different

T * PR

judgments, we céﬁ construct 4 problem set where éachssolution strategy
produces a unique golution pattern. A sample of such pggblems i's illustrated
in Table la. Problems.are structured hiera;cﬁically such that cell-a
problems are accurately judged by all rules a—versus-b‘problems should
bé-correctly judged by all but cell-a judgeé. Sum-oi~diagcnals pr%blems
should be accurately judged by sum~of-diagonals and conditional-probability.

e

problens should be accuréﬁély judged by the conditional probability

rule, alome. Accuracy of judgnment is indexed by the direcgzon of the ‘
judged relationship. For example,-a-versus"b Sudges should judge the
conditional_probability problem in Tahle la as a case in which 4&,!is
less likely given Bl’ than. given By (2-12). Sum of diagonals judges
should judge the t;o events as unrelated (2 +.10 =0 + lé) and conditional
probability judges should see A; as more likely_given B; than given B,
(2/2 ws. 12/22). A subjects' strategy is indexed by the accuracy pattern
on a 12 problem set, including 3.pg%plems of each of the problem strategy
type. Table Ib indicates judgmeﬂt accuracy predicted by each of the
proposed rules. Subjects who pass nc problem types are labeled Strategy ’
0. All other patterns not represented in the tzble would be labeled
unclassifiable. We've looked at rule use in this way in several experiméﬁts

involving subjectégfrom 4th grade through college age. Problems in

these experiments are set in the contexr of concrete events wnich ~ould

104
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be related. Frequency informaticn .is represented in pictorial format in

a 2 x 2 table. Subjects arz asked about the relative likelihood of an

.

outcome ;given the two alternative states of the other variables,

- !
»

Our past evidence indicates a strong developmental tvend in the 4th
K v

grade to college age SPan. The modal strategy at 4th grad®was the a-
. ! i +

3 -

versus-b rule, although Strategy O and unclassifiable judges were also

.

commnon. The sum of diagonals rule was used by a substantial group of
‘subjects in dur Ith and 10th grade samples.: The conditional probability
rule Was used by a substantial minority of subjects in tenth grade and
college. The cell-s rule was rare.at all ages tested.” Th&s, subjects

used increasingly éagﬁiéticate&Jrules with increasing age. However, the .

optimal conditional prchability rule was used By a minority of subjects ¢

even-at college age. :

» -

Having discovered these developmental trends, our current efforts

are trying to account for chose trends. That is, what knowledge qifferences
between these .age groups may be implicated in the differences‘in rule

use. A common apprﬁach to the problem is to develop a training method

which is effective in eliciting use of more advanced rules. Contents of

.

those effective interventions allow us to identify one sufficient account

of naturally occurring .developmental treads. Effective training progra;s
may also be of pragmatic value in improving covariation judgment.

Qur first concern was with the many fourth graders who didn't match
any of our proposed rules. Given the number of such subjects, we have
to consider the possibility th;t these children were confused by some
aspect of our method and were unable to demonstrate their tru2 compRtencies,

Qur approach was to elaborate our instruitions to insure that the children

understcod the tabled stimuli and to reformuiate the covariation question .

-
3
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in a syntax more appropriate for younger children. f}
These modificativns were made to make our problems more combrehensible
. . “ .

to younger children, It :uxns out that we gytdid ourselves in this
s i - . -

ey

resﬁec:., Testing a new sample of children, nearly all of our subjects

Llassifiable by one of our ruleéﬁin the fourth grade, and a majoricy

. r -

of chitdren showed systematic rule use in the/second and third grades.

I

Overﬁhel gly, these subjeéts were qlassﬁf' d as using the a-versus-b

rule. Unclassifiable and Strategy O'judgmen: pa::erns'w?ye predominant
among first and sécond grade children. As 2 result, this‘population was
the tarééf age for an attempt to elicit yse of a simple judgment nile. -
Thus, the first.eprriment 1'11 descrébe is an attempt to train 7 °year
old subject;'to use the a;versus—b rule, We opted no:.co train children
in use d&f the ce€ll-a rule since it §0 rarely occurred naturally,

Qur training ;pproach stemméd from our S.~picion that the judgment

'

question itself focused children’s attention om ¢ells 2 and b of the
contingency table. Aéked if plants are more likely to be heglt@y when
they get bug spray or when they don't get bug Spray, a subject may look
at those two event conjunctions (i.e. healthy plants-bug spr;y; heaithy
plan:s—no'bug spray). We thought of rhis as a problém of atrencion
direction. This was the reasoning behind our attention only condition,

where, on a set of 6 trainiung problems, the experimenter asked.the

. -
subject to point to the eyent combinations specifically menticned in the

» -~ ¥

question and to count the number of cases in each of the two cells.

Subjects then made their covariation judgment. Subjects had mastered

.

this technique by the end of the training. proublems.
A subject may also fail to use the a-versus-b rule secause he or
she misses the comparison aspect of the questiorn i.e., which is more

4
likely. A secona group of subjects were given the Attention instructions

10,
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on the trzining problems and, in addition, were specifically asked which

- }
of the two cells had more cases in it. Subjects then made their covariation
judgmenecs. Subjects also mastered this technique by the end of the

training problems. This group is the Attention-plus-More training group.

A final group is a no training control group, who judged the same 6 - .

-problems{but were given no special instructions.

A1l subjects were pret?sted to establish iﬁitial rule use. Unclassifiable,
Strategy 0 and cell-a judges weras included in the paradigm, Shbjects
were rando;ly assigned to one of the tnree conditions.

Subject fatigue prevented an igmediate p%;ttestlof'training effects. -
However, 3l] subjects did return a week later for a delayed posttest,
Subject's performance ar that time is iklustrated in Table 2 of your
handout. As you can see, rates of improvement were at the same loy level =
for Attentién—only and control subjects., This faiiure of Attentioﬁ-oniy«
inst;ﬁctions may imply that sub,ects at this agé already know how to
find the relevant cells. However, the Attention-plus-More traininé did
result in reliable improvement at the delayed posttest. Thus, we see i
that the comparative aspect of the Judgment ﬁay be a key OSEtgcle to
natural use of this simple rule'by young subjeéts.

Baving discovered that young ghildren could use this simple rule:
we nex:.attempted to elicitc use of more advanced rules from older subjects.

!

OQur first approach was to train subjects to use rhe sum—-of-diagonals .
strategy. This strateg; is built on the notion that s;me évent combinations

confirm a parficular relarionship between events and that some combinations
disconfirm that rule. For example, if bug spray is goqd for plants, we :
should ser many cases of healthy plants with bug spray and unhealghy

fl

plants without bug spray. Healthy plants without bug spray and unhealthy

104




plants*with bug spray would be exceptions to the relaticnship. Sum-of-

diagonals training taught subjecag that cells a + d were good examples

of a positive relationship and that cells b + ¢ ﬁere exceptions to the

rule Subjects learned thai the reverse was true for negative relatienships.

Subjects practiced pointing to the cells with good exauples and those
. ; r ! -
with exceptions Lo the rule ofh esach of 6 training problems. SublYects

also counted the number of cases in cells a + b and in cells b + ¢ for

the traininé problems. fThese susjects then made their covariation

judgments. A group of cantrol subjgcts made covariaticn judgments on

the same broblems without the benefit of training. Traiming e}fects

were measured in an immediate pﬁstteﬁt and in a delhyed test one week .
later. Subjects in the experiment were 4th, 5th, ?th and 8th grade

children whoge pretest pérformance showed use of cell-a and a-versus-b

rules.

£

The results of this training‘experlment are shown in Table 3. Hote

that unclassifiable posttest sub;ects ware not included in the ana%?ses.
Trained subjects were s:gniflcancly more likely cto sh&a use of the sum—

of-diagonals rule both at the immediate and at the delaYed posttest.

L4

Th.is evidence indicates that subjects can indeed show improved rule use

with a relatively simple training pfochure. These training procedures

-

wele similarly effective among the younger and plder subjects in the,

sample. Our training in confirming and disconfirming cases nat only

yielded better acéuracy, but those judgments also conformed to the

pattern predicted by the sum-of-dlagonals rule. This suggests that this
reasoqiqg may well underly the natural acquisition of this vule in O

1childrenfs 3evelopment1 At a minimum, these training effects identify

-
F

one sufficient model of this developmental procass. -
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e
S

v Qur Einal‘eféorts at training are looking at what it takes to
. ;licit use of ghe optimal condiéional proﬁgbility,rule among junior high
aged sﬁbjects. Thus far .it looks like our training efforts are éﬁpcessful.
This set of training studies suggests thatqsubjects at ail ages may show )
problems in co%ﬁriat%}n Judgment b&tﬁkha: thbse problems.are not irremedié%le:
Our evidence suggests that relatively simple training efforts caﬁ'eligit ;%

use of more sophisticated and more é@&urate judémeut rules.
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~ : © Table 2
* é Zffects of a-versus-b Training on Deléyed Posttest
»
} ~ performance of 7 year old children

}- Didn't

Improved . Improve Total
» Comtrol . 3 s 9 , 12 ‘

" . . " N
Ac:en}:ion 3 9 12
Onl

y IS
: P '
Attention 10 2 . Jd2
pIlus more
Total .10 20 36

2 = 11.02, df = 2, p.< .OL.
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Table 3
Effects of Sum-of-Diagonals Training _
on Immediate and Delayed Posttest
performance on 4th-8th grade children
. Immediate Posttest Delayed Posttest
k, ‘ Didn't Didn't
Improved  Twprove Unclaisifiable Improved Improve Unclassifiable N
Control ? 17 2 5 14 4 23
Training 13 ) 8 21 6 2 29
Total 19 23 10 26 20 6 52
‘
2 2

x = 9.87,df = 1, p < .01
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’ Judging Response-Cutcome Relations

1

Abstragt
A series of four experiments investigaced college.students' judgmentcs of
interevent contingea;y. Subjects were asked to judge tha effect of a discrete
response (tapping a wire) on the occurrence of a brief outcome (a radio's
buzzing). Pairings of the pessible event-state combinations {(response-—out-
come, resSponse-no outcome, N0 responss jutcome, NO response-no dutcome) were
presented in a summary table (Experiments 2 and 4), in an unbroken time line
kExperiments 1, 2, and 4), or in a broken time lipe format (Experiment 3).
Subjects judged the extent to which the response caused the outcome or pre-
vented it from occurring. Across all methods of information presentation,
judgments weras a positive function of response-outcome cofitingency and outcome
probability. In the unbroken time line condition, judgments of negative
resporse—outcome contingencies were less extreme than judgments of equivalent
rositive contingencies. This asymmetry was-smaller in the broken time line
condition and in those conditions where subjects were encouraged ro segment an
unbroken time line into discrete response-outcome units. Finally, judgments
?f psgitive and negative relationships were generally symmetrical in the
summary table condition. Relative to the two time line portrayals, summarty
table judgments were also less influenced by the overall probability of ouvt-
come occurrence. These judgment differences among format condiiions suggest
that, depending on the method of information presentation, sut’ects differently
parctition event Sequences intz discrete event pairings. The segmenting of

continuous event Streams may be an important factor in the accuracy of every-

day judgments of interevent contingency.
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And now remains,‘
That we find out the cause of this effect, \
Or rather say the cause of chis defect,
For this effect dafective comes by cause.
W. Shakespeare; Hamlet, II, 1i o
Students of behavior both before and after Shakespeare have been interested
in causal perception. Most noteworthy was D. Hume (1739) who propose& a Set
of condicioas which were conducive to cause-effect impressions. Hume's
insights inte the psychology of causation have helped to shape the direction
of subgsequent iesearch and theory in the area.
Alsc lmportant have been discussions of caysal perception from compara-
tive and developmental perspec:ives. C. L. Morgan (1893, 1894) concluded on
the baeis of extremely limfted evidence that human adults, but not children
and anlmals, can perceive the relatiocnship between events. More sYstematic
deta led Inhelder and Piaget (1958) to propose a stagewise unfolding of the
human’s conception of intereven: correlation or contimgency és the individual
developabfrom child to adult.
Subsaquent investizations into che perception of interevent relations
have not Yielded evidence that is consistently favorable to the developmental
and evolutiona:y speculations of Morgan and of Inhelder ;nd Plage. Nor is
the evidence particularly supportive of modern theories, which posit a
vivrtual identiry between humans' and animals' perceptions and the actual
intereveatr conilingencies :ha; prevail in their environments (e.g., Heiderﬂ
1958; Kellay, 1967; Mackintosh, 1974; Rescorla;;: 1978). ‘
In the basic human judgmernt paradigm, subjects are given information
abouv. the frequency of pairin;s of alternative states (e.g., presence and
absence) of two events (e.g., plant food and plant health); they can :heﬁ be
asked to judge the direction and magnitude of tne relationship between the
events., In ma~y of these expurimencs, adults do not accurately Judge t#e
correlation between two binarv variables (see Crocker, 1981 for a review).
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Despite these negative rasults, other work has been more suciessful in
showing that adults can accurately judge interevent relations under some
circumstances (e2.g., Allan & Je?kins, 1980; Alloy & Abramson, 1979; Seggile,
1975; Seggie & Endersby, 1972; Shaklee & Tucker, 1980). Nevartheless, many -
factors have been suggested over the past 20 years which may contribute to
distortions in the perception of correlation.

Investigators have found that the accuracy of correlational judgments
depends on the sign of the relationship being judged. In parzicular, Erlick
and Mills (1967) feund that subjects Judéed negative correlations as closer to
zers than positive correlations o} equal magnitudes. Also common 1s the
result that subjects find contingencies of zero to be especially difficulc to
identify. For example, Segglie (1975) reported that subjects were accurate in
their judgments of contingent relationships, but were error-prone in judging

- noncontingent relationships (also see Allan, 1980; Allan & Jenkins, 1980).
Alloy and Abramsou (1379) replicated this 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 the nature of the relationshi) that will hold. In Ségglc's

F

1975 study, for example, subjacts judged whether or not hospitalizing a victim
of a tropical diseasc would improve the chances of recovery. Erlick and
Mills' (1967) subjecte judged the relationship between the gquantity of a
particular food a person ate and whether the person felt better or worse.
People who believe in the merics of medica} science or hearty eating would be
likely to expect each to improGe general well being. This expectation could
produce a bilas to report rela¥ionships as positive, resulring in errors in

judging negatively related and independent events.

ils
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Evidence of such an expectation effect was found in the research of
Chapman and Chapman (1967 3 & b), where subjects judged there to be a positive
relationsitip between semantically-associated ¢linical signs and symptoms in
stimuli that gccually presented the sign and symptom as independens, or even
negatively relaced._ This illusory correlation effect przved to be highly
reskstant %o a variéty of attempts to reduce it, inciuding exposing subjects
to the stimuli several times and offering them a $20 reward for accuracy.,
Similar expectancy effacts may be‘a reason for gome past findings of differen-
tial accuracy as a function of relationship direc:ion.l Any atceﬁpt to examine
the effect of relationship direc:ion‘should then be conducted in & context in
which -prior expeétacions are minimal.

A seéond common finding in past research is thact judgments of interevent
correlations are biased by the relative frequencies of ché event strtes of the
variables involved. For example, Jenkins and Ward (1955) asked subjects how
much control tHeir resvonses (push}ng Button 1 or 2) had over the frequency
with which a score light appeared. Subjects' judgments of control were most
strongly correlated with the number of times the score light occurred, regard-
less of whether that outcome was actually influenced by their choice of buttons,
Allan and Jenkins (1980) found that this bias was reduced, but not eliminated
when subjects had a singi: button to press Or not to pfess, compared to Jenkins
and Ward's cwo~button condition (also see Alloy & Abramson, 1979). The findings

of these investigations jindicate that the probability of the outcome is a s

second possible confound to be controiled or manipulated in asséssing contin-
gency judgment,
A final recurrent f£inding in past research is that the accuracy *of judging

interevent contingency depend. on how the event frequency information is

presented, Two common formats present this information efither as a series of

E]
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lrdividual event-state combinations {(e.g., Alloy & Abramson, 1979; Shaklee &

Mims, 1982; Ward § Jenkins, 19635) or as a summsry table (e.g.’, Seggie, 1975;

’
Smedslund, 1963; Ward & Jenkins, 1965). Experiments which have compared the

two presentation fofmats have found accuracy to be higher when the freque;cy
information is summarized in chle formac. '

0f course, the serial and ‘summary formats differ inm & variety of ways.
Most obvious i& the added memory demand involved in the trial~by-trial presén—
cation of informatiom; thus, subjects who add.a\scrdng memory load to an
already complex judgment process may compromise accuracy to simplify an over-
whelming task. Shaklee and Mims (1982) relied upo;‘such a memory account in
incerprecing their judgment findings. Ward and Jenkih§ (1965), however,
argﬁed that, while imporcant, memory load camnot fully account for the judg-
ment difference between serial and summary formats, Rather, they PrOPOSig
chat che serial presentation of stimulué information may lead subjects to
organize the information differently from those who'view the game information
in a pabled formar. In suﬁ%ort of this point, Ward and Jenkins note that
subjects in their experiments who were shown tabled information after serial
presentation used less appropriate judgment strategies than those who saw only
the tabled informatica. oIf information is organized differently under the two
condicions, then this may lead subjects ro make differen: judgments of inE?r-
event relationships. 'Althbugh thls reasoning is plausible, past paradigms
have confounded presentati&? format with memory load; the comtributions of P
memory and organization effépts in past research canmot then be separaﬁed.
The issue is best addressed by comparing use of serial and summary érequency
information in conditions alike 'in memory load. k

The present study thus compared serial and summary formats in a shtting

free of memory demands, while alsec ising a nroblem for which subjects should

11
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have litrle blas as to the nature of the interevent relation.

The basic

situation involved troubleshooting a malfvnctioning tadio.

s

While this situ—
ation is far less dramatic than Polonius' efforts tc determine the reason for

Hamlet's odd behavior, it iS5 nonetheless representative of everyday instances
‘6

L

of causal reasoning.

Subjects were told that an individual was trying to find the cause of an
intermittent buzz (B) by occasionally tapping (T) ou a wire inside the radio.
The results of the troubleshooting were ther given to the subject, who was
asked to judge the degree to which tapping affected the radio's buzzing: from
"causes the gcund to occur"” to "has no effect on the sound” to "érgvents the
sound from occurring." This context hé; the virtue of being ome in which
subjects should no. have a strong expectation ;bout the nature of the response-
ougcome relationshipaltapping a wire should be as likely to complete as to
break a loose connection. Similarly, if the wire is not loose, tapping it
should have no effect on the buzz. |

1ding constant the probability of tapping, p(T), both the probability
of a buzz given a tap, p(5/T), and the probability of a buzz given no tap,
EﬁB/f), were systematically varied to yield 24 different troubleshooting
conditions. These conditions in turn constituted nine tap-buzz contingencies,
E(B/T} - EﬁB/iﬁ, ranging in .25-steps from -1.00 to +1.00 (see‘Allan, 1980 for
" further discussion of‘various measures ©of contingeﬁcy or correlation).

An additional feature of the 24 ;roubleshooting conditions was that they
were contrived in such a -jay that they varied not only ip the tap-buzz contin-
genacy, but also in the overali probabilitﬁ per sampling interval of the
buzzing sound, p(B). Eight different buzz probabilities were studied, ranging

in .125-gteps from .125 o 1.,000. Becausé the tap-buzz contingency and the

relative frequency of the radio’s buzzing vs its not buzzing were independent

11g

N




L]

Judging Respotdse-Qutcome Relations

7

dimensions in the present expefg%encal design, the contributions of thesg
variables to suﬁjects' jgdgments of correlation could be individually assessed.
The method of informqtion preseﬁtat%on was studied with two basic cechni-~
ques, In one, subjects were 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 other, :ﬁe
same information was given ;P a time line format, ;i:h the 24 sampling inter-
vals graphically and linearly arrayed. Such an_afrangémen: preserves the
sequential character of the criticalleven:s, while minimizing the strong

memory demands that are ordimarily placed on subjects when they are given

information in a trial-by-trial fashion. This method was originasiy suggested

by Ward and Jenkins (1965, p. 240); however, it has never beeQ‘utilized in

experimental research.

Since past work has not entaileﬁ a time line presentation of event
frequencies, our series of inves:lgations began by iookﬁﬁg at éubjecﬁs' Judg-
ments using this format alone. Experiment 1 explored the effects of tap~buzz
contingency and buzz probability on judgments of tap-buzz correlation in both

within-subjects and betweeﬁ-subjects paradigms. Experimant 2 directly com-—

*

pared the effects of the time iine and summary table methods of information
presentation. Because the second experiment disclosed that judgments did
differ under the two conditions of information presentation, Experiments 3 and
4 explored possible reasons for the judgment differences. -

Experdiment 1

The first experiment investigated the judgment of Tesponse-outcome gotre-
lation when responses and outcomes were shown to subjects in a time line
format. In one part of the ex-ariment, each subject received only 1 of 24

possible :apJLuzz conditions; in the other part, each subject received all 24

T ]nl.f )
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tap-puzz condicions. Both between- and withiﬁ-subjeccs conditions were included
in order to idencify possible influences of multiple judgments, since we hoped
to use thp more efficient within~subjects procedure in later werk. Subjects’
ratings of the regponse-cutcome relationships allowed us co~detarmineh§he

degree to which the tap~buzz contingency, 2(B/T) —'g(B/f), and the overall
probabilicy of trhe buzzing sound, p(B), influenced their behavior. To deter-

oine whether the sign of the respcnsé—outcome correlation affected subjects’

judgments, equal numbers of positive and negative contingencles yere studied.

- -
5

Method

Subjeccs. The subjecil. were participants in an incroduczory psychology .
class, whe served in the experiment as one .option for ﬁuifilling a course
requirement. A toral of 552 students served in the between-subjects part of
th; experiment and a tecal of 25 students served in che within-subjects parc.

Problems. A set of 24 problems was constructed. These problems were .
alike in chat chey all cowp~ised 24 sampling intervals. Each sampling idter-
val in turn had two components: a "response” component during which a tap
uwight or might not occur, and an "outcome” component du;ing which a buzz might
or might not occur. Each of the 48 resulting couwponents of a problem was
denoted on the subject's problem sheet as a dash; the 48 consecutive dashes
thus constituted the cime line for each problem. Taps in the response cow-
ponent of a sampling interval ware denoted by an "A" above the dashed time
line, and buzzes in the outcome coumponent of a sampling interval were denoted
by a "B" below the dashed ciwe line.

* For all 24 problems, there were 12 taps represented in che 24 possible
response components. Thus, che probability of tapping per sampling interval,
RﬂTT; was alvays .50. Problems varied in terms of the likelihood that a buzz
was represented in the outcome componencts, P(B), and the likelihood of buzzes

following taps, p(B/T), and no taps, RﬁB/f), in the response compenents.

113
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For each of the 24 problems, Table }‘?bows the numbers of sampling inter-‘
vals of each of four possible types: de-Suzz, tap-no buzz, no tap-buzz, and
no tap-no buzz. Nohe that thé number of sampling intervals with a tap is
equal to 12, which is the same as the number of sampling intervals without a
tap. Note also thaé the total number éf'sampling intervals equals‘24. And

note finally that the oumber >f sampling intervals with a buzz vardes from 3

to 24,

- Insert Table 1 about here

3

For each problem, time lines were constructed from smaller groupings that
contained eight sampling intervals. The sequence of event pairiugs was degar~
nined randomly within each eight-sample group. While eight-samp%ing groups
theoretically provide all the necessary information that is needed to distin-
guish the 24 problems, we thougﬁt it adv§n:ageb£§ to triple the amoung of a
input given to the subjects in hopes that their judgments might thereby be

improved. For example, Problem 18 in Table 1 was represen:edcas follows:

A A A A AAA A A AAA
B B .B B BBBBBE B B B

Figure 1 shows a.second method of depicting the 24 problems that were

studied. Both the top and bottom portions of the figure locate each problem
within the unit square defined by the two independent conditional probabilities,
p(B/T) and RﬁB/Es. The top Portion of the figure shows the response-outcome
contingenc~ p(B/T) - RXB/E), of each of the problems; the bottom portion

shows the likélihgod of the buzzing sound per sampling interval, p(B), for the
same problem set. There are nine vesponse-outcome contingencies and eight
probabilities of buzz pgésentation represén:ed by the 24 problems in Figure 1.

Furthermore, these two procedural dimensions are orthogonal, as can be seen by

1

. N
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the opposite sl;bis of the lines that connect the 25 problems in the t;p and
botton portioné'of the figure. From the figure it can finally be seen that
one_possible problem wasrnot included in the set. When p(3/T) =0 = R_(B;’.’f)3
p(B) = 0; little sense could thus have been made of the task by the subjects

(see next section for questiomnaire instructions).

e T
i A

~- . Insert Figure 1 about here

Lr'd

Procedure. Subjects were given problem sheets that each conteined

instructions, a time line, and a rating scale. The Instructions read as
 follows:

After buying ajnew radio, Kim finds that 1t emits a brief .
buzzing sound every so often. Kim finds this buzzing sound v ‘
annoying and decides to find its cause. Removing the back
of the radio, Kim suspects that a wire may be lovse. Kim
chooses a wire and taps on it a number of .times in order to
see {f this has any effect on the buzzing sound. 1In the
diagram below, Kim'. tapping on the wire is shown by an .y
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 Iine.

Cne of the 24 different time ‘ines then followed. Below the time line Was a

i

nine-point rating scale ranging from -4 (prevents sound from occurring) to 0

(has no effect) to +4 (causes sound to occur), Subjects were asked to circlé'

$he number that best corresponded to their answer to the question, "If you

were Kim, what would yoJ conclude was the effect of tapping on the wire?" -

In the between-subjects part of the experimenz, only 1 of the 24 problenm
sheats was given to each subject. \1n the within~subjects part of the experi-
ment, esch subjeet received all 24 problem sheets, with the orger of the

sheets randomly determined fo each subject. The 24 problem gsheets were

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

v M e e s mmr ekl i 4 s A WS AT A AT Flrn | rars mL W Ak ik Lar i et st T M o e e Sy o —— e — - r————— 4




——

. T . "Judging Response-Qutcome Relaciohs

A - 1l

The aim of this experiment: iz ta see how pesple judge

the relationship between tleir actions-and the consequences

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

basic problem 1is pos&d: What 1s che relation between Kim's
tapping on the wire of a malfunctioning radio and the
accurrence of a brief buzzing sound that the radio dccastionally
emits. ?ﬁe 24 sheets differ only in the parcicular refhézonship
between Kim's tapping and rhe occurrence of the sound. For
each of the 24 sheets, please rate the degreée toﬂwhich Kim s
tapping affects the rate of the radis's buzzing, “from prevenc
the sound from occurring" to “causes the sound to occur."” As
you go through the 24 problems, you'll soon see that the problems

differ from'one another to varying degrees. You may sametimes .
want to look back to prior problems; you may eyen want to change

. prior responses. This is OK. It is more impdrtant to work

through the problems carefully and methodically than‘to give

quick and offhand reactions. Indeed, rhe materials are paper= -
aﬁpped together s0 that you can sort through the many sheets

and orgdnize them any way you wish.

3
S

Results - . ‘ ™~

»
. . A IR
*

Table 2 shows the means and standard deviations of Bubjects' judgmenﬁsilf
for the 24 problems in both the between- and within-subjects parts of the
experimenc. - Each of che 24 problems is located in the tane'by chelfoor-
dinates p(B/T) =~ R(hff) and p(B). Tn general, subjects’ rating scores were

posttive functions éf both R(B/?) - R(B/iﬁ and R(é}.

.. .” l
' ; P - f
%, [n.ert Table 2 about here :
; L ) ‘
Figure 2 graphically por.rays subjects' rating scores as separate funmc-

—— \-_-__-'
tions of p(B/T) - p(B/T) and _(B) in each part of the experimenr. Analysis of

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

£

My,
Ins, r¢ Figure 2 about here »

-

The left panel of Figure 2 diéplays subject§' ratings as a function of

p(B/T) - p(B/T). The posit.iv. diagonal in che Eigure shows “he responses of a

r
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hypothetical judge whose rééponses correspond_in a linear fashion to fhe
i

+

aGtual response-outcome concingencies and who aiso employs thg full racing
scale. In the betwewzn— and wlthin-subjects‘parts of the experiment,lsubieCté'
judgments were veliable linear funccions of p(B/T) - QFB/?), £(3, 528) =
l39.l?3 P < .00l, and g(l, 24)!= 714.76, p < .001, r;spectively; however, the

- ¥
slopes of thoses functions were clearly less than that of our hypothetical -

+

b

lineer observer. The becween- and wichh~subjec:s functions also had reliable J

13

quadratic components, F(l, 328)'- 11.28, p = .001, and F(1, 24) = 28;07f'

-

~

P < .001,-respecﬁively; this trend appears to be due to the negative segments
of the functions having shalluwer slopes chan th? pqsitive segments. %inally,
in the within-sﬁbjec:s part o1 the experiment, the contingency-rating functién
had a reli;ble cubic component, Eﬁl, 24) = 13,96, p = .063; this trend apﬁears
to be due to the functio; having an inverted §_shape..'Although the overall

form of tﬁe between-subjects rfunction was similar, it did not have a reliable

cubit component.’ “ \

The right panel of Figure 2 displéys subjects’' ratings as a function of
vt

p(B). 1In the within-subjects part of the experiment, ratingé were a positive |

linear function of p(B), F(L, 24) = 32.63, p < .00L. In the between-subjects

Ay

part of the experiment, the linear trend only app¥oached significance, F{l,

528) = 2.90, p = .089,

-~ !

To asse3s the relative contributibns of p(B/T) - R(B/?) and p(B) to sub-
jects' judgment scores, the percentage of problem variance accounted for by
these factors was determined through the cubic component of each; beyond the

cubic compouent, no significant variance remained for either part of the

experiment. In the betwecn-subjects part of the experiment, R(B/T) - R(B/?)

.accounted for 86.47% of the total variance and p(B) accounted for 3.21%; in

the within-subjects part of the experiment, the corresponding sCores wers

71.87% and 24.10%. . . ,
. , 12
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Discusgsion

Subjects' judgmen of contingencies in che time line format showed
sgVeral incerescing\tréﬁaé that were generally comparable in the within- and
between-subjects parts of the experime =. These results also accord well with
past paradigms using different presentation f?rmats. Firsc, judgments of
response-outcome %orrelacion were @ reliable function of the contingency
between che tapping of a wire and the occurrence uf a brief buzzing sound.
Subjects' ratings ‘?se as the tap-buzz contingency, p(B/T) - R(B/f), increased
from negative to '—posicive lvalues. Thus, subjects clearly showed some sophis-
tication about appropriate bases of contingency judgment.

The relative accuracy of subjects’' ‘udgments is, however, another issuef
Mean judgments indicaced that subjects rated noncontingent relationships close
to zero, but ratings of several negaciv? relationshivs hovered close to zero
as well, wWhile subjects were asked to iace both the degree and the sign of a
correlation, the clearest evidence of accuracy here was the rated direction of
the relationship. Subjects’ judgments should alsc have been ordered according
to the strength of the correlation. While this was gemerally true, the ratings
yielded qontingency judgments that were poorer than ideal. Indeed, the quad-
ratic coumponent of the judgment funccion ind;!.caces that subjects did not treac
posictive and negative relationships symmetrically; contingencies of the same
absolute value were rated as stronger for positive than for nezgative rela-
tionshipa. The foru of this difference in racings of relatilonship strengech
clogsely 1esembles that found .n prior research by Erlick and Mills (1967},

Tr2 second main {inding vas rhat judgments of correlation were reliably
influenced by the likelilicod of the buzzirgg sound, p{(B). This bias is com-

parable to that found in othé: sctudies in which the judgment of contingency

depended on the likelihood thut the ocutcome occurred (Allan & Jenkins, 1980;

12,
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Alloy & Abramson, 1979: Jenkins & Ward, 1963). These prior studies most con-
vincingly demonstrated a blas effect of p(B) with respense-vutcome contin-
gencies of zero; Allanm and Jenkins' (1980) investigation further suggested
that the bias effect could arise under posltive contingencies. The present
report confirms the above trends and alsoufhows that the effect of R(ﬁakon .

~judgments holds under negative response-outcome contingencies as well {see

; that ratings tend to increas« from top to bottom within most columns of Table
2). . .

Experiment 2 .

- The vesults of the time line portravals in Experiment 1 were comparable
in many ways to thase of past paradigm;. However, subjects who view informa-
tion in a particular format may treat the information in a manner épecific to
that forma:; that is,iiybjects' a::engiOR to information may depend on the way
the information 18 presented. The organization or integration of attended

3 information may vary with stimulus format as well. We propose three ways in E
which the time line and the more familiar summary table format may produce

different judgments. i

N 3

First, tabled presentation of event frequency information offers the
subjects tallies of the frequencies of each type of e;gnt-s:ace combination.
Our time line presentation {like past serial presentation techniques) requires
the subjects to generate such tallies on their own. Subjects given time line
information may guess rather tham count those frequencies, resulting in esti-
wation errors. This logic suggests that judzments with time line presentgtion
will be generally less accurate than judgments with tabled presentation and
that such differential accuracy will he re}a:ively constant across positive,
negative, and noncontingent relationships. The resultant judgment function

should he relatively flat across all contingencies cohpared to that of tabled

inrormation.
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A second possible source of difference is the fact that the summary table
presents the event-state combinations in a form of comparable salience. In
contrast, each type of evént pairing has a unique representation in the time
line formar (i.e., AB, A:’ -B, ~=), As a result, sqg: types of event pairings
may be wore ;alient than others. In particular, the interval pairs with two
event absences (~~) may be less prominent than those with one or both events
present. This featrre may also have been true oflpast serial presennatién
paradigms. If so, subjects should underestimate the frequency of no tap-no
buzz pairings. Since the denominator of the conditiomal probability, R(Bff),
wouldﬁ;hen be smaller than would be accurate, this would result in an estimate
of 2}3/55 that is too high. This in tum should result in a blas to judge

4
contingencies as being more mnegative in the time linF format than the same
contingenciles 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 series A~-B. The tabled format would represent this as one occurrence
of tap-no buzg and one of no tap-buzz. However, a subject given the time line
presentation may well consider this seriés to be a single pairing of tap~buzz.
This tendency would lead to an ;nderestima:ion of the frequeﬁcies of event
palrings tap-no buzz and no tap-buzz and an overestimation of the frequency of
tap-buz; pairings. These errors wou;ﬁ vield an inflated numerator for QIB/T)
and 2 smaller than accurate numerator for R(B/f). These biases shogld
result in judgments of cdhtingencfes being more positive in the time line than
in the summar§ table forga:. This problem of event segmenting should not have
been true of past discrete trial presentations, where each glide or card /
defined an event~outcome pairing. Howeve;, the problem may be true of event

processing in real time, when z2vent continuz must be defined as discrete

events.
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Thus, each of three revasons for Judgment 2ifferences in the two informa-

tion Presentatiou conditions ;;uld result in é unique péﬁtegn ot iQQQQEHE"
outcones. Whether any of these differences will materialize is an empirical
quesﬁion. Experiment 2 addresged this issue by comparing judgments under the
time line format employed in Experiment 1 with judgments of the same protlbms’
presented in the summary table format used in past investigations (e.g.,
Smedslund, 1963; Ward & Jenkins, 1963). Since judgments were SO comparable in
the between- and within-subjects parts of Experiment 1, subjects in Experiment
2 judged all 24 problems, v
Method

Subjects. The subjects were 34 undergraduate research participants.

Problems. ‘The samc 24 problems were used here as in Experiment 1.
Problems in the time line format were typed ou a single sheet of paper with
the nine-point Tating scale to the right of each problem. Problems in the "
summary gable format were typed on another sheet of paper similar to Table 1,
except that the four types of sampling intervals were vertically arrayed;
isentical rating scales were located beneath each problem. FProblems were
pregenced in a sifingle random sequence for.the time line format and in a
different random Sequence for :he_table formac.

Procedure, During the fir;t portion of the experimencal session, sub-
jects were givan an instruction sheet describing the troubleshooting problems Y
on the actached sheet of paper. For half of the subjects the problems were in
the time line format, and for the other half che problems were in the summary
tahle format. During the second half of the session, subjects worked problems
In the format nor workqd in the first haif. Instructions for time line prob-
lems were the same as.those used in Experiment 1. Inscructions for summary
table probiems were tha same, with appropriate adjustments to introduce the
table rather than the time line format. .

—y
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Results

Table 3 shows the means and standard deviations of subjects’ judgments
for the 24 problems given in the time line and summary table formats. Because
analysis of variance failed to disclose any reliable effects'attribvtable to
the order of format presentation, tkis factor is not considered in Table 3 nor
in later data aznalysis. As in Experiment !, subjects' ratings were posiéﬁve

functions of both p(B/T) ~ RﬁBfiﬁ and p(B).

Insert Table 3 about here

Figure 3 graphically depicts subjects' rating scores as separate fuync-
tions of p(B/T) ~ p(B/T) and p(B) for each method of information presentation.

Analysis of variance simultaneocusly coﬁqﬁred these two sets of functions.

Insert Figure 3 about here

The left pauel of Figure 3 portrays subjects' ratings as a function of
p(8/T) - g(B/"f). Overall, ratings were reliable linear, F(l, 32) = 51.72,
p < .001, and quadratic, F(1l, 32) = 12,90, p = .00l1, functions of tap-buzz
contingency. Additionally, there wias a reliable quadratic contingency by
format interaction, F(l, 32) = 4.97, p = .033. To pinpoint the source of this
interaction, separate analyses of variance were conducted on the time line and
summary table data. For both the time line and the summary table formats,
ratings were reliable linear functions of contingency, F(l, 33) = 36.77,
P < .001, and F(l, 33) = 44.27, p < .001, respectively. However, the quad~
ratic érend was reliable for the time line format only, F(l, 33) = 14.39, p =

.001. Thus, subjects' judgments were reliable linear functions of response-

(27 .
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outcome contingency with both methods of informarion presentation; however,
the mechod of inférmation presentation influenced those functions, with the
tabled format Supporting judgments that better approXimated those of an ideal
observer, particularly in the region of negative contingencies.
The right panel of Figure 3 illustrates subjects' ratings as a funcction

of p(B). Overall, ratings were reliable linear, F(1, 32) = 30.11, p < 001,
and quadratic, F(1, 32) = 26.68, p < .001, functions of outcome Probablility.
Additionally, there were reliable linear, F(1, 32) = 6.32, p = .017, and
quadratic, F(1, 32) = 12.99, p < .001, outdome probability by format intex-
actions. Because of these interactions, follow-up analyses were separately
performed on the time line‘and summary table data. For the time iine data,
ratings were reliable linear, F(1, 33) = 34.57, p < .001, and quadratic, F{1,
33) = 30.43, p < .001, functions of p(B); for the summary table data, the
linear trend was reliable, F(1, 23) = 5.33, p = .027, and the quadratic cregd
fell just short of statistical significance, F(1, 33) = 3.69, p = ,063. Thus ,
the method of infermation prese?ca:ion altered the influence of outcome proba-
bility oo subjects' ratings; providing the information in a time line formac
both steepemed the probability-judgment function and increased its curvature
relative to providing the same information in 2 Summary table format.

%And, regardless of tap-buzz contingency and buzz probabilicy, judgments
were\feliably higher in the time line condi}ion than in‘che'sumﬁary‘cable
condition, F(1, 32) = 5,03, p = .032,

To assess the relative contributions of response~outcome contingency and

' outcome probability to subjects' ratings, the percentage of problem variance

accounted for by each factor was determined as in Experiment 1. For the
summary cable data, p(B/T) - BﬁB/?) accounted for 81,35% of the total variance

asnd p(B) accounted for 12.58%; for the time line data, the corresponding
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scorhﬁ were 39,48% and 51.79%. Bevond the cubic component, no significant

variance remained for the summary table data. For the time line data, the

8.78% remaining variance was small, but statistically significant, F(17, 561)
= 3.23, p < .001,
Discussion

The data from subjects given the time line in this experiment replicate
the judgment patterns of subjects in the comparable condition of Experiment 1.
In addition, the results of Experiment 2 confirm prior findings (Shaklee &
Mims, 1982; Smedslund, 19633 Ward & Jenkins, 1963) that the method of infor-
mation presentation affects subjects’ judgments of response-cutcome .orrela-
tion.

The obtained judgment differences under tw; condiﬁions comparable in
memory demands suggest chat past effects cof presentation conditions may nﬁt be
solely attributed to memory. In general, subjecte' judgments were more
closely dttuned to response-outcome contingenmcy when information was given in
the summary table than when the same {nformation was given in the time line.
First, the contingency-judgment func;ion (lefc panel of Figure 3) was more
symmetrical abou; zero in the summary cable condition, suggesting that sub-
jects rated positive and negative relationships in a cowmparable fashion.
Again, Phe timé line portrayal suppotted less accurate judgments of negative
chan positive contingencies. Second, table formac judgments were less dis-—
torted by the probability of rhe buzzing sound (right panel of Figure 3). The
linear contingency by format interaction showed that the time line judgments
were steeper functions of p(B) than the summary table judgments. )

We previously reviewed three reasons why time line and summary table
formats may result in different contingency judgments. The suggestiog that

the time line will lead to more errors in estimating frequencies of event
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pairings than the summary table predictad overall poorer contingency judgment
accuracy {(i.e., a flarter, but symmerrical contingency~-judgment function) in
the rime line than in the tabled format condition. The possibility that joint
event absences (no tap-no buzz)’ﬁere less salient iﬁ,ﬁhe time line than in the
tabled presentation mode predicted a general bias to report relationships as
morge nNegative in the time lipe than in the summary table format. However,'
nelther of these difference patterns describe our resulrs. ’

Subjects in this experiment did show a tendency to judge relationships as
more posltive in the time line than in the summary table condition. This
result supports our third proposed source of'differences, that subjects may
gToup event palrings differently in the time line than the tabled format. In
particular, event serles A--B could be identified as a single tap-buzz occurrence
rather’:han a tap-no buzz and a no rap-buzz, ylelding in a blas to report
rel&tionshipp as positive., However, we should note that while ratings were
generally higher in the rige line than in the summary table condition, the
positivity blas was more promounced for naga:ive than positive contingencies.
One possible account for this finding involves the influence of context on the
grouping of even* palrings; that is, A~-B may be most likely to be judged a
tap~buzz occurrence when there are few contiguous AB pairings in the time
lype, as would be the case 1n negative contingencies.

Besides helping us to understand why different presentation formats sup-
port different judgments, tl.ese performance differences between éroups also
allow us to reject tha possibility that time line subjects' problems with

t

rating negative contingencles are due to a response blas or =o prlor expecta~

tions. Any expectatlon about the effact of tapping on the radio’s buzzing
should be the same in the two groups, but judgments of negatjve cortingencles

were distorted for time line subjects onl}. Similarly, since subjects made

13y
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judgments on the same rating scale in the two conditions, performance dif-

ferences cannct be atiributed to peculiarities in the scale iftself.

Experiment 3

The results thus far suggest that subjects may define events differently
in the time line and table formats. If this is the principal reason for the
inaccurate responses of time line subjects, then their judgments should
improve when the continuous stream of events in the time line is separated
into discrete units.

Cur third experiment further explored the problem of defining individual
sampling periods by placing a clear break between paired intervals in the time
line format. To do cﬁis, we simply added a blank space between successive
sampling intervals along the time line. As in the within-subjects part of
Experiment 1, subjects rated all 24 tap-buzz contingencles. These judéments
were comnpared co_chose obtained in Expériment 1, in which successivé sampling ‘
intervals ilmnediately followed ome another.

Method

Subjects. Another group of 25 undergraduate resgarch participants joined
the 25 who had served jin the within~subjects part of Experiment 1, and whose
data are depicted again in the Results section that follows..‘Subjects in .
these twWo groups were from the same introductory psychology course and were
tested within 3 weeks oi the same school term.

Problems, TLe problems for the new subjects were identical to those'in
Experiment 1, excepi that one blark space was in.erted éetween successiva

sampling intervals alory the time line. This format is fllustratad in a

sample item (Problem 11):

A A
B
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Procedure. The procedur:z for the new subjects given the hrol_cen time
lines was identical to that for the former SubngfB given phe unbroken time
lines in Experiment 1.
Results

Table 4 s.ows the means and standard deviations of subjects’ judgments
for the 24 problems given in the broken and the unbroken time line conditions

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

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

Ingert Table 4 about here

Figure 4 graphically illustrates subjects' rating scores as separate
functions of p(B/T) « 2jB/T§ and p(B) for each time line condition. Analysis

of variance simultanacusly compared these two sets of functions.

-

-Insert Figure 4 about here

The left Panel of Figure 4 shows subjects’ ratingé as a function of
p(B/T) - p(B/T). Overall, ratings were reliable limear, F(1, 576) = 542.75,
P < .001, quadratic, F(l, 576) = 34.32, p < .001, and cublc, F(1, 576) =

20.35, p < 001, functiongs of tap~buzz contingency. Additionally, there was a

-t

reliable linear contingency by time line 1nteractio;, F(1, 576) = 5.08, p =
.025, and a pear significant quadratic contingency by time line 1nter':actv,
F(1, 576) = 3.18; p = .075. Therefore, separate analyses of variance 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

line gfoups, ratings were reliable linear functioms, F(1, 24) = 83.74, p < .001,
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and F(1, 24) = 74.76, p < .00l, respectavely; quadratic functions, F(L, 24) =
7.17, 2= .013, and F(1, 24) = 28.07, p < .001, respectively; and cubic func-
tions oE contingéécy, FQ, 24) = 24.83, p < ®01, and F(1, 24) = 10.96, p =
.dﬁB, respectivel}. Thus, although the contingency—rat;ng‘functlons were

al +

similar, judgments of contingency were more strongly differenciated for sub-

jects in the broken time line éroup; this greater differentiation was generally

're notable for negative than for pqsitiﬁg contingencies. R
The right panel of Figure &4 portrays subjects' ratings as a function’ of
p(B). Overall, r&tings\were reliable limear, F(1, 576) = 139.87, p < X001,
and quadratiec, F(l, 576) = 25.33, p < .001, functions of outcome Probability.
Additionslly, there was a reliable quadratic outcome probability by time line
interaction, F(1l, 576) = 6.18, p = ,013, Separate analyses of varilance were
therefore conducted on the data from the tw& time line g8roups. For both the
group given the broken time line and cﬁe group given the unbroken time line,

ratings were reliable linear functions of p(B), F(1, 24) = 20.62, p < .001,

and F(L, 24) = 32.63, p < .001, respectively. However, the quadratic trend

wag reliaple for the broken time line group only, F(1, 24) = 24.01, p < .0OL.

Thus, the probability-rating functions of the two time line gxoups were
aimilariy sloped, altgough the function for the broken time line appeared to
turn downward at high outcome probabilities more than the function for the
unbroken tiwme line, i

To assess the relative contributions of response~outcome contingency and
outcome proﬁability to subjects' judgments, the percentage af variance accounted
for by each factor was determined as in Experiments 1 and 2. For the bgoken
time line group, p(B/T) = p(B/T) accounted éor 77.31% of the total problem

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

corresponding scores were 71.37% and 24.10%.
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Discussion

U -
We introduced the broken time line format in Experiment 3 to partition

the time-line continuum'intg discre::'sampling intervals, The Esﬁflts of the
experiment 1n&1ca:e chat this manipulation had an effect on judgments of the
problem set, Subjects‘judging brbken t£§e lines‘showed greater differenci-
ation in their racings as a funcetion the.scheduled contingency than sub-
jects judging)unbroken E&ﬁe lznes. “This increasad differentiition was generally
more promineﬁ:.for negacive than for positive relationships, a2 difference
which was also crue of subjects qugiag tabled information in Experimenc 2.
Thus, the results of subjecég who viewed the broken time J%Pes duplicate
in some respects the behavior of subjects judging on cthe basgig of tabled
informacion, Our abilicy to increase the accuracy of contcingency judgments
by this manipulation enhances confi&ence in ou£ interpretacion chat subjects
made errors in 1dén:ifyin8 disc;e:e event pairings in the con:inuo cime
lines. The similaricy of judgments of tabled and broken time line information
suggests that one function of the table may be to Separate a gtream of events

L

into coherent unics. Such unics may be more readily classed according tod the
type of event pairing and chus may be mofe accurately igporporated inte a
concingency judgment.

While breaking the flow ¢f the time line inrc discrete sampliqg intervals
yielded judgmenty more similar to those made with summary table presenta:ion,
inspection of Figures 3 and 4 shows that the judgments obtained under these
two conditions ;ere not identical. Contingency~judgmeant funcrtions. uader the
broken time line format were less symmetrical about zero than under the
suhmary table for;at, and probabilicy-racing functions were steeper in the
former conditcion cthan in the laccer, -Ihu;, other factors may well concributé

te the differences™in coacingeﬁcy judgments obtained with the time line and

summaTy table Pormats in Experiment 2.
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Experiment 4

Thus far,.our leading interpretation of the problems created by a con-
tinuous repgesentation of events is that people have difficulty breaking che
stream into discrete umrits. An alternative approach ;0 tegting this account
might be to teach people to paise the timerline into the component units, If .
such training produces judgment functions like those found in our broken time .
line and table formats, such findiﬁfs woulé}further supﬁort this as{the source
of judgment differences. A second function of the table mentioned earlier

,mightnbe'to.offer subJeCC§ numerical ;ummaries of the information éb;ut the
four event combinations. This summarized inforﬁation may be mor; readily
incorporated into a decision rule in judging event covariations. In this way,
judgment accuracy might be further enhanced if subjects were asked to codnt
the occurrences of each event-state combin;tion and note these freﬁuencies
in a table. By this process, subj®cts gjould effectively convert a time line
into a table format. - ' : L e

Our fourth and final experiment used each of these approaches, One group
of sublects was presented with the 24 problems jin our original cime line
format, but were taught to bgeak the line ingo resp;nse—outcome interyals
(line-interval). A secorfd group received these’ instructions and were also
asked to count the freguencies of each evenr—-state pairing and write Chose
frequencies in a‘table (Iine—tablei. Time line and table groups using our
original instructions served a; comparison conditions for ghese manipulations.
Improved judgment by line-interval subjects compared to time line subjects
would further implicate line segmenting as a factor in contingency judgment,
Further improvement< by line-~table Subjects would suggest that summary infor-
@acion is also .. ‘mportant funcrion of the tabled format., Because.we found v

seXx differences in ~ontingency judgment jip related work of ours (Shaklee &

o Hall, in press), sex was included as a facgor in this ekperiment.

135

O LT L T ot eV —




Judging Response-Qutcome Relac}ons

_)f . - 26

Method

r

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 contingencies for this experiment were the same as

1
those- in the previous experiments. Format of problems in the time line and

. table representations was the same as that used in Expeciments 1 and 2.

Procedure,. The introduction to the croubleshaoting problems was identci-

cal to that used in the previous studiaes, except that the problem represénta-

tion was explained in ,one of f our ways:\

. A
Line: These instructions were the same-as those used in Experiments 1 -
"and 2.
Line-Interval: These problems were represented in a time line like that »

used in Experments 1 and 2, but in this case subjects were specifically

LU .
instructed how to break the time line intg response-outcome intervals. In-

structions were as follows:

Each dash on the time line représenés one unit of time.
Time units come im palrs, with the first an opportunity
for a response (Tap or No Tap) and the second an opportunity
for an outcome (Buzz or No Buzz). Thus, pairs of successive
intervals can be of four types: Tap-Buzz, Tap-No Buzz, No
Tap-Buzz, No Tap—¥o Buzz. For each of the time lines, please
rate the :degree to whichaKim s tapping affects the rate of -
che radio's buzzing, from "pnevencs the sound from occurring”
to "causes the sound to occur.” \

Line~Table: ‘Problems and instructions were identical to those in the

Line-Interval conditiun, except that each#problem was accompanied by a blank

1

table labeled as in the Previous table condition of Experiment 2. Subjects

ware instructed to complete the table before making their judgment. iInstruc~

tions were as follows:

-  Each dash on the time line represanL§ one unit of time.
Time unics comé in palrs, with theé first an opportunity for
a response (Tap or No Tap) and the second an opportunity for

D ¥ 1> S
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i)

an cutcome (Buzz or No Buzz), Thus, pailrs of succeasive
intervals can be of four types: Tap-Buzz, Tap-No Buzz, No
Tap-Buzz, No Tap-No Buzz. For each time line, please count
the frequency of each of these four types of interval pairs.
Entex those frequenciles in the table to the right of the time
line. Once you have completed the table, please rate the
degree to which Kim's tapping affects the rate of the radio's
buzzing, from "prevents the sound from occurring" to "causes
the gound to occur."

Table: Problems and instructions in this condition were identical to
those in Experiment 2. J

In each condition, the information offered iu the instructions was shown
on a\sample problem illustrating each type of re;ponse?ouccome pairing.
Subjects\were invited to ask any questions they might have, after which they

-

proceeded at their own pace through the problem set: i A
Results
Means and standard deviatiops of subjects' judgments for the 24 problems
in each judgment condition are shown in Table 5. Figure § ;lluacrace; sub~
. | jects' judgments of the nine contingencims, p(B/T) - 213/55, and the eight

' probabilities of buzzing sound, p(B), for the four judgment conditions. These
functions were aimglcaneously compared by analysis of varlance, including sex

» of subject iﬂdljuﬁsment condition as factors. Paired follow-up analyses were

conducted on interactions, setting alpha at .025 to reduce the axperiment~wide

error rate.

Ingert Table 5 and Figure 5 about here

The overall analysis ylelded reliable linear, F(1, 152) = 8351.86, p < ,001.
quadracic F(L, 152) = 100.92, p < .00, and cubic E(1, 152) = 12.52, p < .00l
L3
trends of response-outcome contingency on subjects' judgments. As in our

pravious expariments, j. ments were a function of probl»m contingency, but
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with judgments of negative relations closer to zers than those uf positive
relations. This analysis also showed a main =ffect of judgment conditien,
F(3, 152) = 11.40, p < .001, although that effect is qualified by a contin-
gency by condition interaction, F(23, 3496) = 2.47, p < .001. As s~en in the
left portion of Figure 5, the form of this interactisn shows that judgments in
the Table condition were most symmatrical about zero, judgments in the Line
coadition were least symmetrical, and judgments in the Line-Interval and Line-
Table conditions fell between these two extremes. Follow-up énalyses compared
contingency judgment functions for selected condition Palrs. Line-Interval
and Line conditions were compared to identify the effect of the interval
segmenting instructions. This analysis showed Line~Interval subjects to he
significantly differant from Line subjects; linear trend F(}, 76) = 11.12, p =
.001, the quadratic trend approaching significance F(i, 76) = 4.92, p = .029.
Compariscon of Line~Table and Line-Interval centingency functions showed that |
tabling the frequency information had no additional effect on judgment accura<cy.
Line~Table and Table judges were compared to see if judges who tabled the
frequency information for themselves were equivalent in judgment to rhose who
judged tables provided by the experimenter. This comparison showed that
contingency judgment functions were not equivalent for the two groups, with
Line~Table and Table judges reliably diffecrent in quadratic trend, E{3}, 76) =
5.83, p = .018, but not in linear or cubic trends.

Sex differences in contingency functions were statistically significant,
with the contic.éhcy-judgment function for females flatter than that for

wales: linear trend Eﬁl, 152) = 3.94, p = .049, cubic trend F(1l, 152) = 4, 38,

p = .08, This cex affect did not interact significantly with judgment condition.

As in our pravious experiments, subjects’' judgments: were an increasing

function of the probabilicy of the buzzing sound {(see right portion of Figure
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5). Ratings showed significant linear, F(l, 152) = 210.66, p < .001, quad-
ratic, F(1, 152) = 80.90, p < .00, and cubic, F(1, 152} = 4.38, p = .034,
trends as a function of p(B). Unlike previous analyses, however, these
probability-judgment functions were not rellably affected by judgment 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) also did not differ as a
function of subjects' sex.

The re;anxve contributions of response-dutcome contingency and outcome
probability in each of the four conditions were determined as in‘che prior
experiments. For the Table group, p(B/T) - E(B/E) accounted for 89.07% of the
total problem variance and p(B) accounted for_g.ﬁ?z; for the Line-Table group,
the correspondiag scores were 80.97% and 17.02%; for the Line-Interval group,
the scores were 76.04% anc 17.61%; and for the Line group, the scoresg were
71.38% and 22.64%, In only the latter two gro.ps was the residual variance
sigﬁificant: Line-Interval residual = 6,35%, F(17, 646) = 6.72, p < .001, and
Line residual = 5,98%, F(17, 646) = 2.25, p = .003.

oince frequency judgment errors way detract from contingency judgment
sccuracy, the frequency tables generated by subjects in the Line-Table condi-
tion were examined for accuvacy. Overall, errors were suall, with mean
absolute deviations of .15, .10, .30, and 1.65 for .Tap~Buzz, Tap-Ne Buzz, WNo
Tap-Buzz, and No Tap-~No Buzz frequencies, respectively. In view of the dif-
ferential judgments of positive and negative relarionships in this condition,
frequency judgment accufacy was compared for prcblems representirg positive
and negative contingencies. Absolute deviations were averaged across table
cells for this analysis. A matched-pairs t-test showed no reliable differences
in frequency judgment errors on positive aﬁd negative contingenciles, £ﬁ39) < 1,

Discussion

ey

Experiment 4 represents a conceptual replication of our third experiment.

130
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In Experiment 3,iwe broke the time line into discrete units. In chis experi-
ment, we taught #he subjects themselves to define these intervals. The results
indicate that thL canipulacions 4in the two experiments had similar effeéts.
Line~Interval and Line-Table subjects {in Experiment &.produced contingency-
judgmenc functioks intermediace to cthose of our Line and Table subjects.
Line-Interval 3ﬂd Line~Table subjects' contingency-judgment functions were
more symmetrié;l about zero than thact of lLine subjects, although the two pew
conditionq/did not differ from each other. This failure to find addicional
improvemﬁgt by subjects who completed a frequency table indicates that the
availabilicy of summary information conctributes lictle to judgment accura;y.
However, che similazfty 7f these two functionms to that of subjects in our past
broken ctime line condition °nb.nces our confidence in the problem of event
segnenting 2s & source of error in judging negative relationships.

The finding that Line-Table judges are also less accurate than Table
judges 13 a bit of a surprise. These subjects have effectively converted time
line information into a tabled format. However, the accuracy of chac conversion
is a second question. Since any deviations in frequency judgments must
necegssrily be 4n the direction of lower accuracy, subjects in chis condition
may have scwewhat erromeous information on which to base their judgments.
However, a look at subjects' frequency counts indicates reasonable accuracy;
indeed, 12 out of 40 subjects did not show a single error on any of the 24
probleme¢. In addition, error rates were simf{lar on negative and positive
contingency problems. Thus, inaccuracy of frequency judgmencs constitutes a
weak account of the difference in judgment functions of Line-Table and Table
subjects.

These d.ifferences between Line-Table and Table judgments replicate the

stimulus presentation 2ffects of Ward and Jenkins (1965) in a subscantially

idv
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different format.. Their subjects viewed sequences of event—outcome palrs
(cloud seeding or not/rain or no rain), each sequence indicating some degree
of postrive relationship. When the sequence ;as complete, one group of sub-
jects saw a table summarizing the fregquencies of each of the event-state
combinations. A second group saw the tabled information only. Ward and

Jenkins found that subjects who saw the tabled information after the event

-
4

series were lyss accurate in their judgments than those who saw the tabled
information alone. It was this finding chat inspired the experimenters &0
conclude that viewing the event seguence had caused the subjects to represent
che information in & way thact the table failed to counteract, perhaps dif-
ferenrially gmphasizing the relative importance of particular event—-state
pairings. Our own results parallel these past findings closely. 1In our case,
however, subjects viewed event contingencies in a linear representation free
of memory demands, .

As {in our previous exveriments, subjects’' judgments here were biased by
the probability of the buzzing sound. However, unlike Experiments 2 and 3,
the extent 0f thact bias was not reliably different in the Line and Table judg-
ment condicions., The failure to replicate this finding is surprising and
difficule to aecount ‘for given the comparability of other aspects of cthe
present results to our other previous outcomes. This finding does temper our
confidence in the previous result that judgments of tabled informaticm are
relatively free of the effect of the probability of outcome.

Finally, this experimenc showed a reliable effect of sex, with contin-
gency-judgment functions of females reliably flatter than those of males.
This difference may indicate that females.have a higher judgmert error rate
than males, contributing to flatter funciions, This interpretation is con-

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

144
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"

that females use simpler, less accurate rules than those used by males to

-
v

judge event covariations. An alternative interpretation of the sex differenées
in the present experiment is that the two sexes judge the problems with similar
accuracy, but that the females use a more limited range of the scale to make
their judgments. However, a comparison of judgments indicaces that the two
gsexes use the scale extremes (+4) at comparable rateé (11.3% and 12.2% of
Judgments for males and females, respectively), ruling out response conser-
vatism as a viable account of this sex difference.

Concluding Comments

In overview, the results of four different eXperiments suggest that
judgments of interevent contingency importantly depend on the method of
presenting information about event pairings. Most accurate were judgments of
summary table information (Experiments 2 and 4); least accurate were judgments
of information presented in a continuous time line format (Experiments 1, 2,
and 4). The accuracy of subjects judging partitioned time lines (Experiment
3) fell in between thar of the other two conditions. Subjects trainmed to
segment continuous time lines (Experiment 4) m;de judgmentcs similar to those
who saw partitioned time lines. This evidence suggests that Ward and Jfenkins
(1965) were correct 1o their suspicion that presentation format may influence
subjects' preatment of frequency Jnformation in making contingency judgments.
OQur evidence indicates chat subjects may break event sequences into different
discrece event palrings depending on che formatc in which the frequeney infor-~
mation is presented. This explanation accounts well for our own findings, buf
way not be similarly useful in explaining_éhe effeces of relationship direction
in some past paradigms. AS noted eaélier} slide or card sequence presentations
offer event pair;ngs as discrete units rather than as event continua.

This interpretation offers a ready account for the finding in past

rasearch thatg Subjeccs judge negative relationships less accurately than

: - 14¢
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positive relationships. Past researchers have suggested that subjects know
how to judge positive, bur not negative contingencies. Allan (1980), however,
pointed out one difficulty with‘this interpretacion; subjects who only know
how to judge positive relacionships must be able to distinguish between posi-
tive and thegative relacilonships in order to apply the appropriate rule to
positive contingencles. Presumably, a different, less accurate rule is
applied to negative (and independent) relationships. Thus, this interpreta-
tioﬁ vequires that an individual maintain more than ona rule to judge event
contingencies, and that the person know when to apply which rule to which
relationship. ‘

Our analysis indicates a single judgment problem which would result in
differential accuracy on positive and negative relationships: that 13, sub-
jects’ boundaries for event gSegments depend on the other events in‘the stream.
Positive relatiowships are typified by many response-~outcome pairs ;hich would
define a brief time interval as a response-putcome unit, However, where few
outcomes promptly follas respouses, the observer may accept relatively delayed
outcomes as "caused' by the response. The estimate of response-outcome pairs
is inflated, resulting in an 1llusion of a relationship which is less negative
than is objectively the case.

We would argue that the problems our subjeccs encountereu in the time
line format could be similar to those encountered in Judgments of real world
contingencies——response-ocutcome delays may vary in everyday experience. OUne
task of the perceiver 13 cthen to define which sequences represent true response-
outcome palrings. Invesctigactlons of the cues used to break event Sequences

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

prouess may be important to our abllity to account for contingéncy Judgments.
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Frequencies of Response-=Qutcome Possibilities
in Each Experimental Problem

Problem Tap-Buzz Tap-No Buzz No 'Tap-Buzz No Tap-No Buzz
1 12 0 0 Y
2 9 3 c 12
3 ;g 6 0 12
4 3 9 0 12
s 1 0 3 - 9
6 9 3 3 9
7 6 6 3 9
8 g 9 3 9
™,
9 0 12 3 9 J
10 12 0 6 6
11 9 3 6 6
12 6 6 6 6
13 3 9 5 6
& 0 12 & 6
15 12 0 9 3
16 9 3 9 3
17 6 6 9 3
18 3 9 9 3
19 "o 12 9 3
20 12 0 12 0
21 9 3 . 12 0
22 6 6 12 0
23 3 9 12 Q
24 0 12 12 0
- 14
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7 Table 2

Means and Standard Deviations (in Parentheses) of Subjeqta‘ Ratings
in the Between- and Within-Subjects Parts of Experipent 1

T . +

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

p(B) -1.00 -0.75 -0.50 » ~0.25 0.00 +0.25 +0.50 +0.75 +1.00
d Between Subjects
125 ~1.57 0.13
(1.53) (0.90)
.250 -0.91 0.09 1.30
(1.59) (1.84) (1.57)
L375 -1.04 ~0.74 0.17 1.61
(2.07) (1.48) (1.79) (1.52)
.500 -1.4) 0.00 -0.13 D.96 2.30
(2.10) (1.87) (2.05) (1.49) (2.37)
L6256  =0.39 -0.52 0.39 . 1.78
(1.81) (2.00) (1.69) #7(1.69)
. 750 -0.30 0.00 1.61
(1.97) (1.24) ) (1.44)
875 -0.52 ‘ - Yo
(2.02) & (2.02)
1.000 0.09 . .
{0.88)
. Within Subjects
e e —~ .
125 € -1.48 ~0.52 .
(1.36) (3.65)
L 250 -0.60 . -0.60 0.88
(1.94) (1.72) (1.63) ’
.375 -0.92 -0.48 0.40 1.96 -
(1.85) . (1.10) - {0.94) (1.31)
. 500 -1.16 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)
1.28 1.48
T(1.46) {}.58)
0.92
(1.90)
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Heans and Standavd Deviations (in Parentheses) of Subjects’ Ratings
Under the Time Line and Summary Table Formate of Experiment 2

Table 3

p(8/T) - p(R/T)

p(B) . =1.00 -0.75 -0.50 -0.25 0.00 +0.25 +0.50 +0.75 +1.09
Time Line
125 . -2.38 -2.09
: ¢ (2.06) (2.11)
L 250 -1, 09 -1.15 0.56
(2.65%) (2.20) (2.19)
.375 ~1.32 . -0.62 0.94 1.41
(1.81) (1.78) (1.24) (1.97)
. 500 -0.94 -0.26 -0.086 1.29 2.4
< (2.11) \ (1.38) (1.75) (1.74) (2.29)
. 625 . 0.62 L0.32 1.29 1.85
. T (17Y85) (1.34) (1.15) (1.80)
. 750 0.7} 0.85 1.8%
H /) 3 (1.72) (1.5¢) (1.77)
.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 0.9 1.26
(2.55) (2.02) (1.49) (1.82) w
. 500 ~1.44 - -0.7% 0. 24 1.15 2.44
(117 : (1.87) (1.06) (1.65) (1.87)
. 629 ~1.68 ~0.06 1.03 1.24
: (.74) (1.55) (1.54) (2.38)
.750 ~0.29 0.50 1,62
(2.0§) (1.54) (1.97)
875 . 0.8 0.91 .
« b (2.20) (2.12)
1.000 0.50
(1.74)
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Table 4

Means and Stendard Deviations {in Parentheses) of Subjects' Retings
Under the Broken and Unbroken Time Line Conditions of Experiment 3

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

p(B) -1.00 -0.75 -0.50 =0.25 0.00 +0.25 +0.50 +.75 +1.00

Broken Time Line

125 -1.64 -0.48
(1.98) (3.98)
.250 -1.36 -0.28 0.96
(1.62) (1.37) {1.56)
374 -0.96 0.136 0.56 2,24
(2.09) (1.16) (1.17) {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) (1.26) (1.57)
.750 0.12 1.12 1.92
(1.139) (1.34) (1.44)
875 0.84 1.52 ; .
(1.41) (1.47) ’
1.000 0.24
(0.86)
e . . I
Inbroken Time Line E
e S &
125 -1.48 -0.52 5
(1.36) (1.65) ®
.250 -0.60 ~0.60 0.88 B
(1.94) (1.72) (1.63) -
375 -0.92 ~0.48 0. 40 1.96 g
(1.85) (1.10) (0.94) (1.31) ?
. 500 “1.16 0.00 0.08 1.52 3.48 5 o
(1.78) (1.36) (1.49) (1.45) (1.42) &
625 0.20 0.12 1.28 2.24 a
(1.39) (.21 (1.22) (1.24) R *
150 0.44 0.60 2.12 -
(1.39) (1.20) {1.11) E
L8754 ¥.28 1,48 n
(1.46) (1.58) &
1.000 0.92 &
(1.90)
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Meanz and Standard Deviastions (in Parentheses) of Subjects' Ratings

Table 5

in the Four Conditions of Experiment 4

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

p(B) ~1,00 -G.75 ~0.50 -0,25 0.09 40,25 +0.50 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) (.77
375 -0.,98 ~0.45 0.70 2.13
(1.99) {1.7) (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)
L6235 " 0.45 0.25 1.7 2.25
(1.84) (1.32) (1.3) (1.32)
. 150 0.55 0.55 1.60
(1.99) (1.72) (1.77)
875 0,60 1. 83
: (2.30) (1.66)
1.000 . 0.68
(2.08)
Line~Interval
125 -2.3) ~0.3)
(1.52) (2.04)
250 ~2,10 ~0,58 1.48
(1.69) . (1.46) (1.38)
375 ~-1.80 ~0,60 1.28 2.60
(1.93) a {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
{(1.79) (1.15) (1.11) {0.81)
L7150 0.63 0.6)3 2.13
(1. 20) (1.09) (1.05)
875 0,80 2.08
(1.68) (1.49)
1.000 0,20
(1.42)
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Table 5 (coatinued)
p(8/T) - p(B/T) '
p(B} ~1.00 -0.75 ~0.50 -0.25 .00 +0.25 +0.50 +0.75 +1,00
Line-Table
.125 ~1.90 ~0.70
(1.39) (1.91)
. 250 -1.,60 -0.63 0,58
(2.31) (1.43) (1.50)
.37 -2.48 -1.30 .50 2.20
(1.60) (1.27) (1.10) (1.49)
. 500 ~2.28 -0.88 G.20 1.63 3.68
(1.79) (1.35) (0.90) (1.70) (0.98)
625 -0,73 0.08 1.23 2 70
(1.57) {(1.23) (1.21) (1..8)
L 750 -0.065 0.43 2.08
(1.52) (1.28) (1.44)
875 ¢.33 1.68 -
(1.54) (1.47)
1,000 e 0.20 .
(1.490)
- N t
Table
Tyzs T T =2.03 -0.25 o .
{1.42) (1.78) 3
. 250 -1,90 -0.38 .68 ®
(1.76) (1.35) (1.79) &
L3748 =2.20 -1.20 0.53 1.93 .
(1.44) (1.3D) (1.40) (1.99) o
500 -3,060 -1.72 -0.02 1.65% 3.10 b
(1,67 (1.28) (0.4 (1.35) (1.7n 2
L625 ~-1.83 =0,70 1,20 2.78 ~
(1.72) (1.10) (1.03) (0.88) N2 !
L7150 -0.53 0.58 1.98 a ;
(1.76) (0.92) (1.35) 3
L8795 -0.43 1.58 o
(1.56) (1.20) >
1.000 0.35 R
(1.26) a 1
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Figure Captions

Figure L. The 24 different response—outcome Problems on rhe coordinates
p(B/T) and p(B/T). The top portion locates the nine different response-
outcome contingencies, p(B/T) - p(B/T), on the unit square; the bottom portion
locates the eight different outcome probabilities, P(B). See text for addi-
tional explanation,

Figure 2, Contingency-judgmentﬁ functionsé (left) and probability-~judgment
functions (right) in the within~ and between~subjects parts of Experiment 1.

Figure 3. Contingency~judgment functions (left) and probability-judgment
functions (right) under the time line and summary table formats of Experiment
2.

Figure 4. Contingency-judgment functions (left) and probability-judgment
functions (right) under the broken and u:broken time line conditions of Experi~
ment 3.

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

functions (right) under the four experimental conditions of Experiment &,
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