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Bléonditional Versus FacVal Reasoning.in Children
. ,

Carl Bereiter and Suzanne Thidi

The Ontario Instftute for Studies rin Education

This study is..addressed to a .question rai§ed'by Ennis (1975):

What is it that children allegedly cannot do that

-adolescentscand.Both have ability to reason in
.ee

. a 1

-accord with at least some of the principles of

-

propositional logic, and both have cOnsiderable

trouble with.logical fallacies. (p. 24)

Ennis is here 'disputing the idea,,suggested Uy Piagetian theory,

that adolescents may be distinguished from children by their ability to

0

handle propositional logic (see,.for instance, Inbelder and, Piaget, 1958,

p. 1). Ennis's claim that children can reason in accord with'some

principles of-propositional logic is'in its:if not very impressive. The

,...a/principles that children have.been shown to reason in accord with are not.-

the ones.that distinguish propositional logic from lower forms of reasoning

(Knifong, 1974). Specifically, children have not shown themselves able to

carry out reasonirig ,11"at require's an appreciation of'the asymmePrical

natUre of conditiAal propositionstharis, an appreciation of the fact

that "p implies q" does pot mean the sale thing as "q implies p" (Shapiro

and O'Brien, 1976;1Rs)berge, 1970).,

Ennis is alluding to this fact when he says that both children:400e

adults havwoublowith logical fallacies. The, fallacies at issue take



the form of illegitimate reversals of conditional propositions. The °

imp'ortant pOint is tliat if the committing of such fallacies'is taken

as inability to handle propositional logic, then adolestents and adults

cannot handle it either (Ennis,and Paulus, 1965; 9hapiro and O'Biien,

1970i-Roberge, 19701 Taplin and 8taudenmeyer,:1973). It appe'ars, then,

that in order to answer Ennis's,question, we must set aside ihe notion
, r

that adolescents ai-e masters of\condiqonal reasoninkand must look for
. .\.

\

distinctions between children and e0olescents within the boundg of some'

21..

.lower soyts of logical function.

Kni'fong (1974; Note 1), drawing on P etian theorX, h s identifieU

, two kinds of reasoning, ractual and bicOnditiona that charac erize people
, .

fwho have not attained true conditional reasoning. The distinction betw94n

these two kinds of reasaning has been suggested by Piaget in lines quoted

and trensIated by Ennis (1975): one.must be careful,. Piaget says, to

'distinguish between "that which -Comes from language, and that which

language permits the imagination to evoke concretely" (p. 35). -Here

T1 et seems to be indicating that one may deal with logical arguments

in one . two:yays. In one way, which s.,the way of propositionailOgic,

one deals,dirdctly With what is said;.that is, one opéiates on the"

propositions. In the other way, one accepts what is said as factualvpdata,.
e

conjures uh from it the image of a state of affai.rs,_and then reads Off
a

1

conclusions from this imagined,state of affairs. The first wax comprises

conditional reasoning, but it may also comprise whdt.Knifong (19 4)'calls

biconditional'xeasoning. Thd 'biconditional reasoner rea.sOns y strict:
*.

logical inference, hut hq commits fallacie's+because he.treatS c'onditional
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4

statemen'ts as if they were reversible. ,That-is the meaning of biconditional;

it refers to 'if-then' statements that hold even when antecedent and

consequent are reversed. True biconditional statements .are often tautologous:

"If a ring is costlythen it is expensive." Few assertions are truly

biconditional and so the biconditional reasoner, who treats all sentence's
=

.as if they were, fall.s into error. For instance, treating the statement

"If a ring is made of gold, then,it is expensive" as biconditional leads

to the mistaken conclusions that if a ring is exPensive ii must be made of

gold and if a ring is not made of gold it,must not,be expensive.

The secOnd way referred to by Piaget is that of factual reasoning.

-9iven the stateMent, "If'a ring is made of gold, th.en it is expensive,"

the factual reasoner° might picture a collection of rings, some of which

. were gold and obviously expensive, the rest of which were cheap rings and

not at all golden. From this image the factual reasoner could read off

.that if a ring is made of gold it is expensive and that if it.is not

expensive it is not made.of gold; but he would also incorrectly read off

4
the conclusions that if a ring is not gold it is not expensive and that

if it is expensive it Must be of,gold. In other words, the factual

reasoner draws all the same conclusions as the biconditional reasoner:

Thus,.if we go entirely by.the kinds of inferences that people draw

6
from proposit,ions, We arrive at anuimpasse in trying tO follow Piaget's

. injunction. 1de cannot, in fact, distinguish between "that which comes

.from:language and that which language permits the imagination to evoke

..condretely,," there may, however, be acOther basis on which factual and

'bl_condltWal,reasonets may be distinguished from each other. The

2, al
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difference, may lieonot in the inferences they dfaw frdm arguments, but

'':.
.

.

. .

in:lahat they judge to be conclusive and what theY judge to be merely
,

suggestive arguments. Consider the arguments formed by joining eaCh of

the folloWing statements to the rule, if it is a sunnr day, Joan alwaYs

,

goes to the beach. I,
1. Joan has a cOld.

2. It is not a sunny day.

3. It is a sunny day.

To the condttional reasoner (wiAl whom we are not concerned in this

study), only the last statement joins with ihe rule to make a conclusive

argument. He realizes that the second statement does not do so, because

he rule does not exclude the possibility that Joan alsb goes to the beach

on cloudy ds. The biconditional reasoner shoUld.believe that both

tatements 2 and 3 join with the rule to make conclusive (and, of course,

dontradictory) arguments. Presdmably he would recognize that tbg first

statement, although sugtestive of a conclusion, is logically irrelevant

in the se se that it does not join with the rule to make ,an argument. It

is merel piece of supplementary information.

But what of the factual reasoner? This kind of reasoner, we must

assume, does not think,in terms of logical arguments at all, but ioti terms

.

of images and the linking together of particular ide s. To this kind of

thinker, the effect of the given rule should not be to establish a logical

pgsmise hut 'to create a picture--an image of a girl romping on a sunny

beach; perhaps, along with the contrasting image of the same girl staying

inside on,a cloudy day.
3 The significance of additional information would



then bejudged, not'by its logical relevance but by iis Compatibility.with

these images. On this basis all,three statements would be relevant--the

last two obviously so, but the first one also relevant n thatit would

combine well,with the imageof Joan staying inside on a'dismal day.

Furthermbre, we-might 7suppose that none Of. the statements would. be

Iltogether.COnclusive to the factual reasoner. While eaCh wouldsuggest

4 4
a tonclusion, the factual reasoner might find.it easy to imagine Joan

occasiOnally going to the beach. on cloudy days, staying homeon sunny

diys, and sunning on the beach when she had .a cold.
A ,

The above speculations suggest several observable differences

between factual and bizon4itionalreasonere. On the assumption that

factual reasoning charactefizes youngchildren and that biconditional
Set

reasoning characterizes older-childreng(along with most adolescents

and adults)-, the verification of such differences would go'some way

toward answring Ennis's question about what it is that adolescents

can do that children cannot.

Because it would be difficult to interpret children's statements

about Gonclusiveness, the.present study used a game format in which

vinning depended on drawing correct conclusions from logical arguments

and also on using only the minimum of information needed. Information .

was provided in the,form of'verbal "clues" like'those we have been

discussing in connection with the example of Joan and the beach. Two

kinds of clues were presented. One kind, which we shall call critical,

is represented by both the statement "It is nót a sunny day" and the

Statement "It is a sunny day." These ilre ?des that combine with the

I*

7



, given .rule to_tarm_an_.argurnen.t.,77,3,1though.. the. argumemtmar be valid or

invalid.The other kind of clue, represented by the statement "Joan

has a cold," we shall call-peripheral. .These tire clues that provide

information related to tine topic of the given rule, but they do not

combine with the'rule to make a coherent argument, whether valid or.

invalid.

After presentation of a' verbal rule, clues were given sequentially.
/

The subject's task was to determine tha answer to a yesno question like

"Did Joan go to the beach?" In cases where the critical clue combined

with the rule to make a valid argument, the correct'ansWer was that implied

by the argument. When the crit.ical clue combined with the rule to make an

invalid argument, the correct answer was designated aibitrarily.- Subjects

'could venture an answer any time they were sure of one.

If it is true that younger subjects reason in the factual mode discussed

above and.that older ones reason according to a biconditional logic, then ihe

following differences should appear:

1. Younger sUillects should show less discrimination between cr,itical

and peripheral clues. They should show a greater tendency both to draw

conclusions ftom peripheral clues and to seek further information after

-

. being presented with critical clues.

2. The response of younger children to critical clues should show

evidence of being influenced by'preceding peripheral clues. This

. ,

prediction is made on the assumption that to the factual reasoner the

effect of each successive piece of information is to add to or modify

his image of a state of affairs. Thus the effect of any clue will depend

)

8
\,
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on its antecedeArs. In particular, a,,aMtical clue shOuld appear more

conclusive if it has been preceded by a clue pointing in the same

direction than if it has been preceded by a clue pointing in the opposite

`direction.

3. On itpms involving invalid 4rguments, olckr children should show

more improvement in performance between early and late items. This

prediction is made on the assumption that the older, biconditional

reasoners will oper4te according to generalizable logical rules that may

be modified in response to disconfirmilig Lpdback. Younger, factual
-

reasoners should have little prospect for improvement if, as their label

implies, they reason only with the particular facts of each problem.

Since the factual content changes from problem to problem,.there should

be no way for the younger subjects to profit from feedback.

4. Whether the}, are responding_to critical or to peripheral clues,

subjects at all ages should draw:conclusions that are consistent with the

clues given. Thus, if a c e suggests a negative conclusion, that is the

17conclusion subjects shou d draw. This prediction mirrors the assumption

that factual and biconditional reasoners differ mainly in what they

consider to be conclusive information, not in the inferences they draw

from given information.

Procedures

Subjects were 20 second-graders and 16 sixth-graders from the

University of Toronto's Institute for Child Study School. This schOol
c

9
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"rs not serectiVe, but most Of its, students- come from,upper middle-dlass
.

'families. Preadolescents were chosen as the older group so as to have

subjects who could be expected td be firmly in command 7f biconditional

reaboning but unlikely tohave developed conditional reasoning. Ideally

the younger group should have been younger yet, so as still to be at the

preoperational 'stage, t6,which factual reasoning is 'most obviously linked.

Our previous experience with children and thinking games, however, suggested

that children below secopd vade would be,unlikely to grasp the experimental,

game sufficiently to yield performance data relevant to the'hypotheses of the.,

study. The use of second-graders, therefore, represented-a prictical

compromise. It was not expected that they would be pUrely factual-

reasbners, but only that they would exhibit more tendencies in that

direction than the older sub.jects.

The vehicle used for testing children's reasoning was a board game,

-in' which a marker was moved forward or backward according to the child's

success in dealing with a series of 20 logic problems. The board consisted

of a series of holes in which a marble, used as marker, could be placed.

There were 40 steps from a starting point to the goal, and a riumber of

holes backward from the starting point to allow for adverse fortune.

Each logic problem constituted a step in the game, which was

attomplished as follovis... Ihe subject was presented wj.th a card on which.

were printed a rule and question like,those illustraied in Table 1.

After the rule ayquestion were read aloud to, the subject, he was given

the'first clue. The subject had then to decide whether to answer the

question or to vke another clue. If he,took another clue he had to

nmve the marble back one space. There was then the possibility of taking
4

1 0

Nif



-a -thirtl-e-lue;-- irit.-wcruld- ..eost-ano-t-her --bac-kward--move-o f a -space:-

the subject answèred the question (whiCh was obligatofy after the

third clue), the 'problem card was-,eurned over revealing ,the correct

.answer--yeso no. If the subject's answer was correct, he moved his

.ma.rker ahead. 4 spaces. If it was incorrect he moved it backwarcis 3 spaces.

. The abject of the game' Was to .reach the goal. )n introducing the

...arrie, it was emphasized to subjects that the only wiy they could teach

the goal 'was bY getting the right anwer every time and by nsver taking
,

'any cluesthey didn't need. They Were urged never to answer until they

_were sure'and never to take any additional clues after they were ,sure.

Wheneyet a subject, indicated he knew the answer to a question he waS asked

whether he was sUre,and had 'to Confirm.that he was before thecard would
.

be turned over. .

The pair- ff ruls. (4 ahead for correct, 3 back for incorrect, 1 back

for another clue) were worked out in pilot testing. Like the age of

subjects, they'represented a practical comprollse. Originally the pay-offs

were designed-so that impulsive responding would yield zero average pr6gress,

but this proved demoralizing to children who found themselves driven back-

ward from,the starting point. Necordingly, the pay-offs were adjusted so

that subjects were very likely to ex0erience some forward progress, no,

matter how erratically they performed. This may have re'duced the pressure

to respond only when absolutely certain of an answer; but it also helped

sustain a high level of motivatio'n, which seemed favorable to subjects'

'adhering to the intent of the game. Two preliminary tria s wete given

to familiarize subjects with the procedure. The first'was intended to

,
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x
' trick subjects into responding prematurely, so that theY -could experience

the consequences and acquire a doubting .set. . The second was an easy item

intended to encourage responding as soon as conclusive evidence has been

provided. On these item, subjects were shown all three clues and the

conclusiveness or inconclusiveness of each clue was explained to them.

The 20 loqic problems were generated according to the following

specifications. Three principles were tested: the valid principle of

detachment, the valid principle of contraposition, and the invalid

principle f conversion. A sample problem illustrating each of these

prinviples is given in Table I. In each problem the critical clue is

one that asserts the relevant minor premise-7p, not q, or q. Peripheral

clues)tssert none of these,'but make some Other assertiOn that suggests

but does not logically determine an answer to the probIem'question. For

each of the two valid pripiples 6 items were-generated out of the

combinations of 3 positions for thevefliical clue and two types of

logically irrelevant clue (supportive of the criticaa clue lar oppOsing'it).

For the invalid principle of conversion,18 items were generated out of the
%

combinations of 2 positions for the critical cille (first or second), two

types of logically irrelevant clue (sUpportive or'opposing) andtwo answers

ill it

-.
, (yes or no). For these items the third clue afforded'a definitive answer-

% e"

to the problem question. In valid principle items the third clue I,Js
. . .

either the critical clue or a statement of the rrect conclusion. fit

invalid principle items it was always a seatement of the correct conclusion,

arbitrarily determined of courSe; since in these items the critical clue

does not logically determine an answer, the answer can always be either.

krP



4

- yes' orl no and the 'subject h k no' way of, telling except 'to wait f or a clue.

that giveg-dthe answee directly.
-

Wit-Vn the20 items, 6;ru1es were uSed twice and 8 were used only .

. once. When rules were used twice, one question would refer to the
.

.

consequent and. the other would Tefer to the antetedent. So as to minimize

the possibility of coniamtnation of one item by clues'from the other.
,

. .

Fpr,thermore, items with'tepeated rules were nelAr adjacent in the

- -

presentation Ryder and, subjects were reminded edhl time to ignore what

was said the other time the rule had appeared.

The 12 valid argument itemswere presented first, in a randomized

order, followed by the 8 invalid argument items, also randomized.

Subjects were tested individually. Teating time was about 35 minutes.

'All information on cards was read aloud to subjects so as to minimize

effects of reading ability.

Results

%,
Hypothesis I was that younger subjects would show less discrimination

between critical and peripheral clues. This hypothesis will be examined

separately for'items involving valid arguments and those involving invalid

arguments, since in the latter.case failure to respond to a critical clUe

is ambiguousit may 'indicate faIlure to redognize the logical arguMent or

it may ate recognition, that the argument is invalid.

On the'i2 items involving.valid arguments", only two children in the

entire sample (both sixth-graders) always responded to the critical clue.

13



4*-

-12-

By 'responding' we mean,stating an avowedly certain conclusion after being

, presented a clue. By the more liberal criterion of responding to the

critical clue three-fourths of the time, 25 percent of second graders

qualified, while-81 percent of sixth-gAders did--a significant difference

(X
2
vith Yates correction.= 7.20, d.f. = 1, p .01).

Among the second-graders, 18 ef 20 responded early at least once,

17 responded late at leagt once (that is, took another.clue after the

critical clue), and 15 responded both early and late at least once.

Among the sixth-graders 11 of 16 responded early at least once, 9 responded

late at least once, but only 5 did both. This' 5 out of 16 differs

significantly from the corresponding 15 out of 20 second-graders

(X
2
= 5.23, d.f. = 1, p 4,05). The other frequency differences are not

significant.

Considering the average frequency of early and late responses,

second-graders responded early on 50 percent of the items where this

was possible, compared to 18 percent for sixth-graders (t a 3.59, d.f. a

34, p Second-graders responded late on 19 percent of the items

where it was pOssible, compared to 9 percent for sixth-graders (t a 2.46,

p(2). Both groups had a significant bias toward responding early

rather than late, but the bias was significantly greater for second-

'graders. Early responding was,not indiscriminatet, however, even for

second-graders. They responded to the first clue 70 percent of the time

when it-was a critical clue but only 33 percent of the time when it was

a,peripherAl clue. For sixth-gra'ders the corresponding percentages were

88 and 6.

14
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ems involving invalid arguments shoi4ed the same fendency of

second- raders to respond before the crificarclue was given. They

did so n 40 percent of the items where it'c'eas possible, compared to
.

20 percent for the sixth-gradeeg (t 1.84, d.f. = 34, p 410). As

fot late responding, however, there. was scarCely'any difference between

the groups. Second-graders responded after the critical clue on An

average of 19 percent of the-items, sixth-graders on 20 percent. 'Note

that for second-graders the rate is exactly the same as with items

involving valid arguments; it 1.§ the sixth-graders whO responded

differently, exhibiting a greater frequency of delayed response with

invalid argument items (t = 2.49, d.f. = 15, p 4(.05) .

The second hypothesis was that the response of younger subjects

to critical clues w6Uld be influenced by preceding peripheral clues,

In brief, thera was no evidence of such an effect, either with valid

argument items or invalid argument items. There was no evidence that

preceding clues influenced Whether a subject would respond to a critical

clue nor how he would respond to it if he did.

The third hypothesis was that on invalid argument items older

subjects would shoW More inter-trial learning than younger ones.

For this analysis invalid argument items were scored in two Ways. The

first, called the conditional reasoning score, counted a response as

correct only if it was made to the third clue and was consistent with it.

The rationale for this score is that it should reflect a subject's aware-

ness that the critical clues in these items are not validly conclusive.

The other way, called the biconditional reasoning score, counted a

15
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response as correct only if it was made to the critical clue ahd was

cohsistent with it: The rationale for this score is that'it credits

what would be correct responses if the givenrules were biconditional--

that,,is, if it were true that "If p, then q" also meant "If q, then p."

A pure bicondreional reasoner should thusAet a perfect biconditional

reasoning score and a zero conditional reasoning score. Learning would

be Indicated hy.an increase 'in "conditional reasoning qcore and probably,

but not necessarily, by a decline in biconditional reasoning score.

On these criteria, sixth-graders showed definite evidence Of

learning. Between the first four invalid argument items and the remaining

1

four, conditional reasoning scores rOse from an averate of 3 percent to

20 percent (t,= 2.91, d.f. = 15, p 4.02). CorrespOndingly, bi.ponditional

reasoning scores declined from 73 percent to 55 percent (t = 2.42, d.f. =

15, p .(.02). There was a correlation of .38 (not significant) between

gain in conditional reasoning and decline-in b4conditional reasoning.

Second-graders(showed slight and nonsignificant trends of the same kind.

Conditional reasoning performance rose from 8 percept to 15 percent

correct; biconditional.reasoning declined from 58 percent to 56 percent.

The two kinds Of changes correlated ,37 (p 410, d.f. = 19). Forthe

two groups combined, the correlation between gain in conditional

reasoning and decline in biconditional reasoning is .401. significant

at the .02.1evel. It should be noted that this correlation may be

spurious, since biconditiopaland conditional reasoning respOnses

cannot co-occur. However, given the incidence of responses that

16
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wereneither biconditional nor conditional, the.correlation in question

cOuld have beeh zero or even negative:

By contrast, there was no evidence of learning on items 'involving

alid arguments. When'scored on the basis of.resPonding correctly to,

' critical clues, second-graders obtained exactly"the same percentage

'2 righi in boih halves of the'set'of items (49 percent). .Sixth-graders

went from 78 percenr right 6 80 percent.

.The final hypothesis was that.subjects at both grade-levels wou

respond in .ways consistent wi,th the given clues, whether the clues were

critical or not. Response frequencies bearing on this hypothesis are

reported in Table.2. Every clue was designed to.have a definite direction

tolt, to suggest either a yes or a'nO answer to the problem question:As

' the first column'of Table 2 indicates, tile vast majority of all responses

were consistent with the direction of the clue just given. Same

inconsistent responses might reflect a weighing of clues or a belated

decision to go with a preceding clue'. These would show up as responses

that were inconsistent with the clue just given but consistent with at

least one preceding clue. As the second column of Tabel 2 shows, ihich

responses Accounted for a very small percentage of all resOonses.

The remaining, apparently erratic responses, also account for a

small percentage of responses, except in the cage of second-graders

dealing with valid argument items. Here 15 percent of responses were

inconsistent with any clue given up tb the time of responding. The

fact that second-graders performed more consistently on the later,

invalid argument items, would suggest a learning effect--perhaps merely

17
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acquiring a better grasp of i4 nature of the game.' This speculation is

belied, however, by the fact that almost two-thirds of the second-graders'
,

\

erratic responses were made to the second half of the set of valid ..

,

argument itemi.
0

One further data analysis Was.carrieduOut for.the purposelo

facilitating comparison between the results of this study and other research.

A three-way analYsis of variance was carried out on performance on Iran&

argument items. Factors were grade level of subjects (second or sixih),

position of-the crftical Clue, (first, second, or third), and type of

. .

argument involved (letachMent or contraposition). The dependent yariabie .

was number,of correct item responses. In order to be scored as correct,

a responSe'lkad to be Made te'the critical clue and Consistent with it.

No effects involying-type of-argument were significhnt, so ,nothing

more will be said:of that. -Figure 1 gr hs the two Significant main

effects:The effect of grade level o subjects was signifi4nt at the

.001.1evel (F = 17.82, d.f. A 1,'54). The effeceof position of the

critical clue was also significant a the .001 level- (F = 21.05, d.f.

2, 171). ASfFigure 1 indicates, tfie tendency was for subjects to perform

better when the critical-clue came early. No interactions were significant.

k

-Discussion

Four hypotheses were tested, all concerned with a possible difference

between the propositional reasoning processes of yqunger and older children.

Two of the'hypotheses were strongly supported, one was definitely not
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supported, and one is a matter of judgment..

The central, and most strongly supported, hypothesis was that

younger subjects would,tend not to discriminate between ghat in this

41
study are talled critical and peripheral clues. (Critical clues are

minor premises that cOMbine with a major premise to produce a coherent

argument, whether valid or invalid. Peripheral clues do not thus

combine, but merely add supplementary information *elated to the topic

of the major premise.) The clearest support for the hypothesis comes

I

froM those items in'which the critical clue combines with the major

premise to form a valid argument (38 in the first two items in Table 1).

On such items, only,25 percent of second-graders showed a consistent

tendency to respond to critical clues in arriving at decisions (as

demonstrated by doing so at least three-fourths of the time). This is

compared to 81 percent of sixth-graders who didso.

It is certainly not true that the younger children showed no

discrimination among premises. On valid argument items, they chose to

resPond io the critical clue an average of 54 percent of the time, while

by pure chance they would have done so only 33 percent of the time.

But, by contrast,: the sixth-graders responded to the critical clue, on

average,, 82 liercent of the time.

4;1 order to interpret these results as showinesomething about

differences in reasoning processes, it is important to know that the

younget children are'not simply behaving more erratically. This was

the point of hypothesis 4cand it is with respect to this hypothesis that

the results are a matter of judgment.' Bubjects' responses to clues, no

19,
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matter wheth r they were-responding to critical or to peripheral ones,

were consistent with the directional bias of the clues over 90 percent .

of the time--except inithe'case of second-graders dealing-with valid

argument items. Their responses ware consistent with the immediately

V
given clues 83 percent .of the time, and 15 percent of the time their

responses were not consistent with any clue they had been given.

The difference,hetween second-graders and sixth-graders in

percentage of eonsistent answers is not significant (t = l7O, d,f. = 34).

A more pertinent question, hoWever, is to what extent trhi difference in '^

consistency might acdOunt for the difference in discrimination of critical

clues. To examin this qUeStion, we eliminated all subjects who responded

inCOnsistently on more than one of the 12 valid argument items.. In this
A

way,.half of the gedond-graders. and 3 of the 16 sixth-graders were

eliminated. The remaining subjects were theft compared as to the frequency

with wh4h they responded to critical clues. The remaining second-graders

responded to the critical clues on average,67 percent of the time

(compared to 54 percent of the time for the entire second-grade group).

The remaining sixth-graders responded totthe critical clues 83 percent of

the time (compared to 82 percent for the entire sixth-grade group). Thus

thd,consistent responders among the second-grade group did respond more'

,to critical clues than their less consistent classmates. But the

diffefence between them and the consistent sixth-graders is still

significant (t = = 21, p(.02). *Thus the main point of the

first and fourth hypotheses seems to hold up: that it is what clues they

-2 0
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respond to rather than how they respond to them that mainly.distinguishes

-

younger from older subjects.

The other supported hypothesis was that older subjects would show

evidence of learning on invalid principle items, while younger subjects

would not. Thelbasis of this hypothesis was that if the younger subjects

reason on a factual basis, there should be no way for the feedback on one

item to help them do better on the next% There was no evidence to Suggest

e
that any of the older subjects actually 'cht.kght on',to conditional reasoning;

but, considering the smaliTnuniber of priars available fOr learning, there was

definit progress in that direction-,,w h is consistent with the idea that

these subjects should be in a transitional stage to formal-operational

thought.

The hypothesis that younger.subjects would show a biasing effect of

peripheral clues on their respoinse to critical clues receied no 'support.

This hypothesis was based on the supposition,that factual reasoners would

process clues cumulatively, building up an image in much.the same way that

one does in reading a story or a descriptive passage. That is not what the

young subjects in-this study seemed to do. Instead, .they appeared to deal

with'each clue separately, waiting for one to come along that made a strong'

enough impressicin on them to motivate a decision. This is not very surprisinE
f

_behAvior. It is what Bartlett (1958) described as "everyday thinking," and

which.he found to characterize most adult plinking in forming judgments.

Do. these findings add up to an answer to Ennis's question, "What is
-

it that children allegedly cannot do that hdolescents can do?" As we

indicated at the beginning, we hive

2 1

not been seeking an answer in the form
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of some overt capabili'ty that would distinguish young-from old. Rather,

we have sought it in the form of a' difference in the way children reason
,

with verbal rules.

In its strongest form, our answer to Ennis would be that what yoUng

ch.ildren.cannot do iS tell the diffeience betwen a logical deduction'and an .

ituitive judgmet. Compared to the older children, thetyounger ones in this

-Study showedia strong/tendency to ereat as equivalent those kinds of state-

ments that formed logical'arguments and those that merbly contributed,

circumstantial evidence.

This strong'conclusion must immedkately be moderated by.notitg that

the observed differences between older and younger were only a matter of
,

degree. The younger children sholWed a preference for logically critical

clues add the older ones were not-perfect in their discrimination. However,

it was im the nature of the study that all-or-none results could not be

expected. For reasons that have been.notedi the younger subjects were

too old and the older subjects too young to provide the maximum separation

in capabilities. The clues were not calibrated in any way that would

permit one to saY that the critical clues and peripheral clues were equally

attractive it their own right. It is pertinent to the results, however,

that in designing the peripheral clues we made a'speCial ef ort not to

,..__

make them'intuitively compelling. For 'instance, in the first item in

1

-n

T ble 1., we would not have used as a peripheral clueo "Joan was in the

h,spital with a broken leg." Although, within the game of propositional

logic, this fact would-not stpnd in the way of Joan's going to the beach,

given that it was a sunny day, we could not expect children to brook such

22
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;

a violation of common sense: And so the peripheral clues tended to be

on the weak side, as the samPle items show. Accordingly, the fact

that younger children showed a preference for critical clues may not

mean much. 'It is only the difference between younger and older subjects

thpt can support interpretation.

Ennis .(1975) was challenging the notion of qualitatively different

itages.in the development of propositional feasoning. Alle present results

are too..slender to constitute a demonstration that stages exist. But the

f'

results are quite compatible with the overall Piagetian stage theory and

seem best explained in that light rather than by an ad hoc explanation.

What we seem to have observed are a group of younger children just entering

the dtage of concrete operations and still showing a good bit of prelogical

thinking. Men we have observed an older group at the end of the concrete

operational stage and well fixed upon the biconditional reasoning that.

seems characteristic of that stage, although th.e5, show signs of being

amenable to instruction that would urge them in the direction'of conditional

reasoning, characteristic of the next stage.

Our results, it should finally be noted, are not incompatible with

those Ennis cited in arriving at a contrary conclusion. Both the older

and the younger groups commit the fallaCy of conversion, and both show

success in handling tbe valid principles of detachment and contraposition.

The findings graphed in Figure 1, however, provide grounds for tempering

khe statement that children can handle the valid principles. Those iiems

'-

in the present study that have the clue in the first position resemble

the items used in other'research. The subject is simply presented with

2 3



g 1i1 argent ad ask to rispood to it; no periphetal clues
are

inolved at that point, Perfomance or thost items cleady supports

the ;lotion that elier the younger children cal bridle valid arguments.

to a fairdegree:( tlieymespondedippropriimely 59 percent of the tire,

whiod iS an pod as the per:moots morted b}, bilis. But if we' look

at items where the c5ild 5as to mithstand the toptatios of two peripheral'

clues hefore getting to 'the logically critical due, we see that only 15

percent of the meIcondgraders make it, This suggests that what appears

to be propositional reasoniog in other research on pull cbildremiay

simply he irtuitive responding that happeos, in the case of urcontaminated

valid arguments, to lead to right asswers,

1

footootes

I, The authors wish to del George Bimitroff and Gloria Roberts fOr

their aslistarce in 000docj he study' ind Br.',James Soir

4$

Oi Irstitate 1.0f.a1.1 st University of Torooto, !or his

m . ,

cooperation in providing acces's to chigoes woo took part in the Btudy,

2, nithough our distioctioo tetweed factual ad ticonditional reasoniog

owes a debt to Bnifong's analysis, our conceptior of factual 'reasoning

is not the SR as his, Itnifom treats factual reasosing os equivalert

to converting implications into and relationshipst is, convertiog

implies g' into 'p and q,' nccordil to this formulation, 6e negation

of either teim should have ro necessary efftct or s'86*t18 Belief in

the truth of the other, Boifoog correctly observes that thimmodel does

not fit the behavior of school age,children,\ from which he concludes, that

factual reasoning must he confined to children of preschool age, But

there is no eviderce that the Ililog II model fits preechool children

e '

,either, and we canoot imagine it fitting any seOsate orgailigh It seems

to us that the model is an inappropriate represettion of the childish

DOClOr that things Iv ogstherwhich is,11O1V Illget (1925) characterined,

trarsductive logic,
lc more adequate represent4ion is tp'and q or not

p and not l'in moronsense temp, if two things"lgo together,' it teats "

A

either-both are lift sent or both ate absent, pis liodel is then isomorphic

with the biconditinal model applicable to older children. Slid tilat i8

4111}',
if a difference between factual ard hiconditioqil reasoning exists,

'

it Mgt he found in somethirg oXher than
the'irlogical forme,

3i ne wards Ificture old 13/e. should oot be taken too litehally

tks'actount.. We mean sore kind Of mental representation of

situatiors and eveOts, ohm,necessarily visI

\



Table 1

Sample Items Illiustrating Variations Used in the Study

Item Type of Clue Symbolic Representation

1. Valfd argpment - detachment

Rule: If it isva sunny day, then Joan will go

to the beach.

Question: Did Joan go to the beach?

Clue 1: Joan loves to swim. Peripheral, supporting

) Clue 2: Joan has a good suntan. 'Peripheral, supporting

Clue 3: It was a sunny day. Critical

Answer: Yes.

2. Valid argument - contraposition

Rule: If Tommy plays in the sandbox, then his

hands will be dirty.

Question: Did balmy play in the sandbox?

Clue 1: Tommy(iskands were not dirty. Critical not q

Clue 2: Tommy!s friends came to play in the sandbox. Peripheral opposed

Clue 3: Tommy did not play in the sandbox. Direct conclusion not p

Answer: No. not p

p

OB

p q

3. 'Invalid argument - conversion

Rule: If the birdcage door is open, then Tweety

the bird will sing.
Iv q

Question: Was the tdrdcage door open?

Clue 1: Tweety's owner likes to leave the birdcage

door open. Peripheral, supporting

Clue 2: Tweety the bird was singing. Critical ,

Clue 3: The birlage'door was not open. Direct conclusion

Answery No.

.11.01=~P.M1.=

,27

not p

not p

28 #

.



Table 2

Consistency of Responses with Clues Given

Percentage of item-responses

'Consistent with
immediate clue

Consistent with
previous clue

Not consistent with
any given clue

Valid Argument Items

Second-graders 83 15

Sixth-graders 93 3 4

Invalid Argument Items

Second-graders :90 1 9

Sixth-graders 91 4 5

2 9



Reference Note

1. Knifong, J.D. A Piagetian analysis of logical abilities of young

children. Unpublished manuscript, University, of Maryland,

undated.
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Fig. 1. Percentage of items correct by grade-level of subjects

and position of critical clue.
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