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In the 1960°s and 70°s, theories of czusal reasoning were

dominated by an image of people as intuitive scientists.

ED2826 42

Frominent theories within this tradition included attribution
theory in social psychology, =arnd Piaget’s model of formzal
operationzl reasoning. In these theories, people were said to
drav con-lusions about real world causal relztiomships by
identifying several possible causes of the event to be explainecd,
and collecting evidence relevant to those possible causce. Qnce
the informaztion was gathered, the intuitive scientist would
evaluzate the relative coantributicuns of the alternstive cauvses tc
determine the best account of the event.

Howvever, the rezl wvorlé is a difficult confext in vhich to
test causal hypotheées, filled 25 it is vith less-than-gerfect
relationships between events. Considerin, the many exceptioas
the intuitive scientist might find to any ccusal rule, how was he
or ske to2 identify relizble relationships? By thke use oi
intuitive statistics, according to the model. In particular,
people would sauple datz about the co-occurrence of an event and
its possibie causes in order to assess the extent to which the

two events cCOVary. Since cecuses and their effects do covary,
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this process would effectively define the set of pcssible causes
of any event. If covariztion judgment plays the central role in
causal rezsoning suzgested by this model, thker the quality of the
intuitive scientist’s causcl judzments would depend on the
adequacy of his or her statisticzl intuitions. Two aspects of
statistical reasoning are lilkely to be of special importznce:
data szmpling and judgment rule. 1In fact, extisting research
indicates thet laypeoples’ intuitions about both of these aspecte
are likely to be sources of error in ccusal judgnent.

Etudies of informztion sampling in hypothesis testing commonly
show that people select cnly z subset of the potentially relevaxnt

cl

10]

information in testing hypothescs. Ir the case of cau
jucdgment, =z subject asked whetier am ocutcome is czused by =
Particuler event might prefer to szmple infermatiorn zbout the
outcoze wvhen that possible czuse is present, cathering less
information about event frequerncies when the possible cause is
2bsent. A biased s.mple such as this may include too few cases

of the wminority event to provide a2 reliable iacex of the

proportions in the populztiomn. The problexz would be most severe
in the case of the most extreme bias in sampling. That is, if
an individuzl only gathers data under one event state and rever

samples informztion ebout the zlternztive state, judsment cannot
be at better than a chance level cf accuracy. Such zrn
inrdividuezl may relizbly assess the likelihood of the outcome when
the supposed cause 1is present, but would not kncw if that
likelihood is any different vhen the cause is absent. In this
vay sampling strategies may contribute to relative ceuscl

judgment accuracy.
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Once information has been sampled, the intuitive scientist
must decide if the two events are, in fact, related. Eowvever,
investigations in a wvariety of laboratories converge in
identifying a nanoply of problems that people have in judzing
such event covariations. }ost relevant to the present concern
are studies cf the rules people use to identify event
covarigtions. Developrmental studies have shown that children
begin to use systemctic but overly sinmple rules of covariation
juégment by the early elementary school years (Shaklee and :ilins,
1¢81; Shaklee znd Paszek, 1985). llrnre complex rules becone
common with increasinz zge but, even in college populations, only
a minority of subjects show & mathecaticzlly accurzte
understandin; of covariztion (Sheiklee and iiizms, 1901, 1932Z;
Shelktlee 2nd Tuclker, 19&0; Stalilee a2nc Hzll, 1983). In fact
about « third of adult subjects in these studies were clcssifiec
as using the sane sinple znd error-prone rule that is sc
pro=inent amonz second grade childrer.

In this presentation, I would 1like to consider the
inplications of people”s problems with statisticzl rezsoaiag for
the mocdel of people as intuitive scientists. In particular, ve
will report evidence zbout how older children and adults collect
and evaluate data in order to rezch &z cornclusion about cause-
effect relationships. Two zspects of the process will be of
central interest here: information sampling and judgment rule.

Our first study investigates the izmplications of peoples”

rules of covariation judgment for their inferences about czcuscl

relationships. Four rules hzve been commonly proposed as bcses

w
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of covariation judgment. Two of the least sophisticated of the
proposed judgment rules would draw a conclusion about event
covariations without using all of the informatioa in a two-by-two
contingency table. By the cell-a rule, judgment is wmacde
according to the frequency with which the target events co-occur.
For example, such 2 rule would identify a2 positive relationship
between plant food znd plant health if there zre more healthy
plants uvith plant food than any of the other event-stzte
coubinatious. A secend sinple approach would compzre the
freque.:cy 0f target event states vith and witho:t the supposed
coveriate (e.g. healthy picnts with plent £food vs. healthy plants
without plcnt food, comparison of cocntingency teble cells 2 znd
L, stratezy a-versus-b). By ¢ nmuch 1improved approzch, an
individual would compare the number of event-state combinations
confirring & positive rclationship betweern plant food aud plant
health, i.e. healthy plants with plant food and unhealthy pleants
without plant food, with the number of event-state coubinations
discenfirming the relationship, i.e. hezlthy plarts without pleaxn
foo¢ and unhealthky plants with piant food. Since this strategy
compares the sums of diagonal contingeucy table cells a+a anc
b+c, this rule is referred to as the sum (f diazzonais rule.
Finally, a2n individual might determine tke relationship by a=z
optinal rule: comparinz the liitelihoocd of the terzet cvent-state
under each of the twvo conditions (e.g. P(hezlthky plzants/plant
food) wvs. P(healthy plant/no plaat food)), conditional
probability rule. Tris 1is the only one of the four rules which
would accurately judge =211 interevent continjencies.

This analysis of possible ruvlzz has allowecd us to
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discriminate among strategies actuzlly euployed by subjects of

various ages in wmaking covariation judgments. That 1is,

different rules should produce different judgments on czrefully

selected ccvariation problems. A set of such problems 1is
illustrated in Table 1. Solution accuracy is indexed by the
directior of the judzed relztionship. Froblers &re structurcd

kierarchically such that cell=-z problems are correctly solved by

11

(4]

all strotegies, a-versus-b problems a2re sccuretel: solwved by
stratezies except cell-a, sum of dizzoncls problems cre
accurately judsecd by sum-of- dizgonals arnd conditional
protzbility strate_ies, and conditional probability problenms ztre
accurztely judzed Dy the conditionzl probzbility rule zlone (sec

(=

Table 1bH).

ucents of a coveriatioa-causal jucdgzment link woulc

-
-
resc av

G

predict thzt sutjects should prefer as ccuses tlose events waich

N &

trhey identify as event covariates. The stretegies sutjects use

ccverictions between events snoulc be the same ag thoze

™

to jucy

o

enplcyed to define czcuse-effect relationships. The presext
irvestigaticn uvses our rTule znalytic method to icdentify the

wweex rules of czusal and covariation judgment.

"

relzationship Te
Juznior higzh (grzdes 6, 7, &) =znd colleze subjects were zsked

1

Hy
L]

to make either causal or covariaztiorn judzgments of 2 set o
different protleuc, specially structured to yield a distinctive

pattern oI solutio=m accuracy by ecck of the four propcscel

judgment Tules. Ezch problew was set in 2 concrete contexnt of
tve evevryuar events vaulelh may or oy nei e related. Svljccets

o izctances ¢f cvent-staota conuin

~ - 4 [
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ble and were asked to make either 2 czuszl or coveriction

to
.
v
N
rt
[4)

judgment about the relationship shoun. In the case of the
covariation condition subjects were asked:
The picture shows that plants were more likely to be healthy if
g) it wves fogzzy.
b) it was not fogay.
c) no difference.
The causcl question for the same probien was:
The picture shows that plant foocd:
se5 plants heczlthy.
b) lLeeps plan:zs from being nealthy.
c) hzc no effect on plznts” health.
judzments ia this euperiment inforn us in tuo vays

-
Ticoe

+8}
i1
m

ebout the link betwecen event covariation and causzl judg
First, did subjects consistently select true event covariates as
cauvses? As we right havg expected from our prior research in
coveriztion judzuaent, the answer to this guestion is no. Iz the
present cet of problems, junior high subjects ideatified
covariates as causes only 4% of the time, college subjects o
65% oi the problems. The dzta in Table 2 irncdicate the percentage
0f problexms of each type in whick subjects judgec the czuszi
relztionship to be ir the szzme direction as the depicted
covariation. As the table shows, subjects dii consistently judge
covariates as causes for the cell-z znd a-versus-b problemns.
The stromg influence of problem type points to the stratezic
basis of these judgment patterns. That is, the faulty rules of

covariation judzment so common amon; these subjects result in

incorrect assessments of many covariation relationships.
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However, we can use the dzta to ask a second question about
the supposed sause-covariate link. That is, are subjects”

causal judgments based on their intuitive motions about

covariation? By this interpretation, subjects” rTules c&

covariation judgment (howvever facvlty) should match their rules of
&
-

causal rezsoning. Table 2 chous the rule classificctions S

unior hiszh and colleze wmalec arnd fenales for czusal cnc

coveriction judgments.,

subjects ir the tvo grades saow pavel-s

[ &3]

(o]

e

ciL icat

o

n
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zze trends for covariztion aud causal judgment, in suprort C
this interpretation. The present data imndiczte that
icprovements in ccvariztion judgzent during these years are
matched by progress in cczusal rezsoning as well. These ccta fit
vell with the interpretztion thzt subjects look for covariates as
causes thkrouzhout these years. llowever, inyroved rules of
coveriztion judzment enable older stbjects to more accurctely
find true covcriates wvhenm explzcining evencis.

ilovever, the interpretation further requires that subdjects

o]

use the szme rules to make causal and covariation judguentis.
liale subjects” judgmeznts fit well witia this prediction:
Gistributions of strategies for coveriationm and causzl judzmoents
are quite comparable for male subjects in both the junmior high
and college samples. Females, on the other hand, produce
notably different strategy distributions in response to the
causal and covariation gquestioms. As shown in the table, in the
junior high sample, females” classificztions indicate that they

Py

rely heavily on the very simple cell-z strategy for covariztio



O

ERIC

Aruitoxt provided by Eic:

oty

judgnment. Yovever, when making czusal judgments they waere more
likely tc use the a-versus-b zné sum of diagonals strategies.
The increzse in unclassifiable strategies acong both males and
females amon; these younger subjects indicates thag several of
the subjects failed tc use any of our proposed strategies,

erhaps using some other strategy or no consistent strategy ot
o

(49

all, Inspection of these unclassified judsnent records fzile

to reveal any systematic bases of these jucdzment patteras.

Colleze females also show use of different strategzies for the
ccusal and cocvariation judgments, using more couplex judgment
s:.:tegies vwhern asked about czuses than when zsked zbout
ccvarictions. These subjects were most likely to use the more

-

rate sum of diagonals aud conditional prcbabiliity rulec in

3]
0
0
[

-ty o

respoase to the causzl qguestion. In contrast, rasponrses to tae
covariation question show & strony consensus touverd use of the 2-
versus-b rule. This is ironic in viewv of the fact that the

covariation question directly asks for a comparison of

conciticnal probabilities, i.e. is a given outcoxze more liktely

a

icztioas

'S

Siven condition Bl, or condition 32. Rule classii

indicate that, overwhelmingly, college women respecnd to this
cuestion by comparing frequencies, rnot rrobabilities.
Thus, the outcome of this study offers quzlified support fors

the much-suggested link betveen covariation zrd czusal judyment.

r

People in the junior hizh to colleze age span are nc
particularly good at identifyins true covariates as causes of
events. Eowvever, parallel rule use when jucdzing causes z:ng
covariates suggests that males, at least, nay define czuses ard

covariates ir the szme terms. Femzlexs, in contrast, sce= to

(4}
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define the two concepts by different rules.

However, our model of the intuitive scientist suggests yet
another major aspect of causal judgment in which intuitive
statistics may play a role: i.e. information sampling. Our rext
study in;estigates informaticn sampling strategy as a potertial
constraint on the adequacy of everyday czusal rezsoning.

In this study, subjects in third grade, seveath grade and
collece were asiied to test hypotheses about czusal relztioaships
between the stazte of 2 plant (e.g. flovers oper or closed) and
the lighting conditions under vhich it grew. For ecch problemn,
subjects were given two envelopes, one contzining observations of
plants growving in the sun, the other contzinring observztions of
plants growving in the sheade. hey were to select £ro:x these
envelopes a total of 24 cbservctions of the plant grosxring in the
sun zac/or in the shade. Subjects recorded their observations,
~aen judged whether the stated hypothesis was truc. lypotheses
were stated either in terms of the effects of the sua (e.z. Sun
rnzlies spots on leaves) or the effects of the shade (e.g. Shzde
makes spots on leaves). Subjects judged three such probleus,
including one noncontirngent relztionship in which the plant was
in &z given state in 757, of the observations in toth the sun aad
the shade, and two contingent relationships (plant irn a given
state in 75% of the sun observations, 25% of the shade
observations). In ore contingent p:bblem, the direction of the
contingency matched the causal hypothkesis sc that the correct

ansver to the czusal question would be yes (contingent-yes). In

the other provlex, the contingexcy was opposite ia direction to

9

10
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the stated hypothesis, so that an accurate judge would reject the
czusal hypothesis (contingent-no).

First we can ask how accurate subjects were at judging these
causal relationships. A judgment was scored as accurate if the
subject judges the causal relationship as being in the same
direction as the covariation relationship. Accuracy could be
evaluated either in cozpariscrn to the Proportions of event-states
vepresented in the envelopes frow which the subjects samplecd
(population-based accuracy), or in relation to the samples they
dctuzlly drew (sanple-based accurzcy). These two different
definitions of accuracy procduced @ssentially the saxe results, so
Ve will restrict our discussion to the results of the population-
bzsed measure.

These anzlyses shou that accuracy of czussl judgments
izproved with 25e, vith mezuns represented in Table 4, znd that
the noncontingent Problem wcs harder than the tvo contingent
Problews in all ase groups. ° Thus, as in our Previous
experiment, subjects frequently fziled to identify true cvent
covariates 2s czuses, often dccepting noncovariates zs ccuses of
everts, Although czusal julguent accuracy increcses vith aze,
€rrors were conuon even among colleze subjects, especiclly vhen
judging noncontingent relationshkips.

Inforzation sacpling strategy is one potential concributor
to relative accuracy in causal judgament. Sabjects ¢id
frequently drzw biasegd sazples, with the extent of that bias

increasins somevhut with age (mezn zbsolute ¢ifference of suz zouc

shade observations = 6.7, 6.2, 5.9 for 3Tedes 3, 7 and coilaoaze
students respectively),. Seampling btias showecd its 5reatest
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1 che form

-

s
L

o

cifzct oun causal judguent accuracy in interaction =
of the causal question. In each of the three problems, subjects
ivho drew biased szmples of the sun and sisde observations wvere
snbstantially differeat in accuracy depending on whecher they
vere asxed whether sun or shade caused a siven outcone. As
showr in Table 5, subjects showved near-chance accurzcy when asked

cbout the effect of the event about yhich they zzd sampled few

cases. ilovever, when asked about the majovity event, subjects

responses i2re consistent with the proportions representad within

that event.

These accuracy patterns wmay be interpreted in terms of the

subjects” Tules for conbining the frequency irformatioun into a

v

oacua to tne causal

H

causal juézzent. The zpprojriate anp
question vould be to compare rates of the tarzet outcome (e.z.
open flowers) in the two growving conditions (sun and sazde).
Someone who uses this rule should be similerly accurate vhether
the question is phrased in terms of the effect of the sun or tke
stade. The differential accuracy observed here indicates that
subjects used some other rule for causal judgment.

Ve sugzgest that subjects judged the causal relationship by
looking at the proportions of event states in the condition about
which they were asked (e.g. Does sun make?...), ignoring the
equally relevant cases in tae alterngtive condition., This would
be 2 variant of the tendency to ignore base rates seen in a
variety of contexts in judgment research (Arkes and Rothbart,
19835; Bar-Hillel, 1980; Beyth-Marom & Fischioff, 1933). That

b4 ?

is, subjects consider tne ratio of event-s .tes in the presence

11
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the suppozed czuse, without rejzard for the avent-state vase

"W
“

L]

o)
rates when the cause 1is absent.

For the two contingent problems, this strategy could yield
the correct answver., For ezxanmple, in one problem, the ratio of

open to closed flowvers was 3:1 in the sun and 1:3 in the shade.

"ali of the subdbjects were asked if sun caused the {lowers to

coen. Subjects who sezmpled heavily from the sun envelope =ere

vary accurate in judocing this relationsaip (£97); sudbjects who
P, o =3 J

primarily sampled observations in the snzde were at chance level
accurzcy (354%). Cther subjects saw the same ratios of open auad
closed flcocwers and were asked abou: tue effects of shade
(continzent~no, shzde). These subjects were nore zccurate 1if

anc

they kad scmpled primarily shzde observatioms (227 wvs 81

..

correct). e would sugzest that, in all cases, suDjects answecred
the question in terms of the outcecxe frequencies in the coadition
about which they vere asked. In these problems,.the direction

en: . Iz tarset-state outcomes within tast condition

fe

h
La]

of éi

(e.3. =ore open than <closed flowers within the sun) watched the

t

true contingency 1in the problen. Those who had saapled
douminantly in that condition had a reliable sample of evenc state
outcomes vithin that condition, hence were accurate in judgment.

Subjects who had sampled doninantly from the other condition had

a npoor sample on which to base their judgument, thus were less

accurate. The contribution of sampling bias to this
differential accuracy 1is further indicated by 1looking at
subjects who sampled equally from the two conditions. For each

problem, accuracy levels were more similar for the sun and shade

question forms for these unbiased subjects tham for the two

12

13
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bizsed sacple sroups.

This proposed strategy receives 1ts clearest support in the
noncontingent problew where it will lead the subject to the wrong
conclusion about the causal relstionship no matter which sampling
bias 1is ﬁsed. 2oth lighting conditions 1in this problem show the
sazie 3:1 ratio of open to closed flowers. Subjects who sampled

rimcrily from the sun enveloge errnoneously concluded that the

*

suu cszused the flowvers to open (71%Z); subjects wvho szmpled
doninantly from the shade dzcided that the shade made the flowvers
open (77%). ifote that these tvo gsroups reached opcosite
conclusions about the same relationship, and that botn of those
conclusions are wrong. Ve would sugzest that subjects ia each
case were izpressed with the predoninance of open flowers in the
condition sampled and failed to consider the possibility that
open flowers mizht occur at the same rate in the alternative
condition.

In overvieu, the cosbined results of these experiments show
the later childhood and adolescent years to be periods of active
development in these more complex aspects of cazuszl reasoning.
Causal judgment accuracy improves over these years, but judzment
errors continue to be common even at adulthood. The evidence
further suggests that faulty strategies of information sampling
and rules of covariation judgment undermine the abilities of
subjects in these age ranges to make accurate causal iaferences.

In light of these findings, let”s reconsider the model of
people as intuitive scientists in everyday causal reasoning. If

the model is interpreted to mean that people make accurate

13

14
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statisticclly-based ccusal inferencas, the present evidence

riises serious questions about tlie wmoccl. People”s statiscical

istuitions are just too {aulty to surport sccurate czusczl

inference.

imply inmplies that causal judzments

[
/2]

towever, if the =moce

are based on people”s impressions about event covariztiomns

(faulty though they may ve), the present cvidence offers some

supsort for the notion. In f3ct, these studies

(9

role for statistical reasorninz in procasses of ccusal ianfe

14
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Judging Causes and Covariates:
Strategies of Older Children and Adults

Harriet Shaklee
Eugene Research Institute, Eugene, OR

Table 1

A) Sample covariation problems

Conditional
Cell a 3 versus b Sum of Diagonal Probability
Problem Problem Problem Problem
B, B, B, B, B, B, B, B,
Al 2 11 Al ]é4 11 A I8 8 Apj12]2
A, 7 4 A, | 8 1 A, | 8 0 A, |10} 0

B) Strategy use and resultant patterns of problem accuracy
(+ = accurate, 0 = inaccurate)

Problem Strategy Type

Sum of Conditional
Cell a a versus b Diagonals Probability

Conditional
Probability + + + +
Sum of
Diagonals + + + 0
Subject
Strategy
Type
a versus b + + 0 0
Cell a + 0 0 0

Paper presented to the Society for Research in Child Development
Baltimore, MD, April 23 - 26, 1987.
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Table 2

Percent Correct per Problem Type

Problem Types

Cell Sum of Conditional
a aversus b Diagonals Probability All

Junior High 96.3 92.7 16.0 8.0 53.0
Covariation

College 95.7 98.7 43.0 33.7 67.7

Junior High 75.7 60.0 31.0 28.7 48.7
Cause

College 88.0 80.0 53.0 38.3 64.7
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Table 3

Strategy Classifications by Question and Gender at Each Age (Percentages)

Strategy Classifications

Unclas- : Sum of Conditional
Ge.der sified Cell-a a-vs-b Diagonals Probability N

Junior High

Covariate
Male 0.0 10.0 70.0 20.0 0.0 10
Female 14.3 78.6 7.1 0.0 0.0 14
All 8.3 50.0 33.3 8.3 0.0 22——
Cause
Male 33.3 0.0 44.4 11.1 11.1 9
Female  38.5  23.1  23.1 15.4 0.0 13
All 36.4 13.6 31.8 13.6 4.5 22
College
Covariate
Male 4.0 0.0 32.0 20.0 40.0 25
Female 0.0 0.0 86.2 0.0 13.8 29
All 1.8 0.0 6l.1 9.3 27.8 54
Cause
Male 0.0 13.0 30.4 26.1 30.4 23
Female 7.1 3.6 42.9 25.0 21.4 28
All 4.0 7.8 37.2 25.5 25.5 51
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Table 4

Accuracy of Causal Judgmenc:
Fercent Correct by Problem and Subjects' Grade

Grade

Problem 3 7 College All

Population-based Accuracy

Noncontingent 44.0 27.3 60.0 45.0
Contingent-yes 68.0 81.8 78.2 75.8
Contingent-no 60.0 79.5 98.2 79.9
All 57.3 62.8 78.8 66.9

Sample~-based Accuracy

Noncontingent 55.8 54.0 66.7 59.2
Contingent-yes 61.9 78.9 78.2 73.0
Ccrtingent-no 57.i 75.7 100.0 78.6
All 58.3 69.5 81.6 70.3
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Table 5
Population-Based Azcuracy of Causal Judgment by Direction of
Information Sampling Bias for Each Problem Contingency

(Percent correct, N's in parentheses)

Direction of Sampling Bias

Problem
Contingency Question Shade = Sun Shade > Sun Sun > Shade
Noncontingent Sun 55.9 58.3 29.0
(34) (13) (31)
Shade 42.9 23.5 68.4
(35) (17) (19)
Contingent-yes Sun 69.0 53.8 88.9
(29) (13) (36)
Shade 80.90 86.7 56.2
(40) (15) (16)
Contingent-no Sun 83.8 57.1 92.6
(37) (14) (27)
Shade 83.3 82.3 61.1
(36) (17) (18)

Question: Form of the causal question: Does the sun (or shade)
make flowers open? (or other target state)
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