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I
Research on Reasoning and

- Logical Thinking

Inrroduction

Definitions of reascning or logical thinking tend to be vague. Logicians 1
generally provide a dé%inition of logical think!ng that refers to "correct or -

N incorxect” thinking (Copi, 1961), cr finding conclusions "on the basis of |
Yeasons" (Angell, 1964)r Such definitions imply an interest in discovering

truth acd validity. -Psychologists' definitiohs reflect an inrerest in the'
'proccsscs of thought. Tor cxample, Nolen (1976) defines logic as thnught that-
conforms to some formallzed rules. It is the rules thab are of . .concern, not

_the Lruth; or valech of the thin&ing.

Further, ps vchologrsts and philosophcxs have long recognized that a person s
logical thinking can_be faulty. In keeping with thoir primary focuses, logicians
have been interested in discovery and eiimination of faulty reasoning (c.g., Eonis,
f1975), whlle psycholobigt" have been intercsted in studying the naturc of correct
and inco.rect responses (Evans, 1972; Falmagne, 1975; Nolen, 1976; Piaget, 1953
1963). v | .

Most psycl 2logical approachcs to reasoning and logical thinking use
traditioncl Aristotelian logic as a moécl or shorthan&‘for the th?ught‘proccsses
(JohnSon—Laird; 1975). Although some psychological research has been done on
transitive assymetrical relctionships (c.g., Brainerd, 1979), disjunctivc -
‘relationships (e.g., Roberge, & Flexer, 1979 %) and other logical forms, the greater
part of psychological rssearch in the area has involvad material implication
(Hadar:.l975). _In material impl{cg;ion, there 15 an antecedent statement wh}ch
follows the word "if" and a consequent whiﬂh'follows the word 'then." The

antecedent in reality may or may not be velated to the conscquent, but the

impl fcation states that it cuinoi be the case that the antucedent is true when
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N " the conscquence is false (Copl, 1961). ,for example, if p is the antecedent

?

and q is the consequent, then an<implication statement w0uid be of the form
"if thra'ip ap, then it is a q. The impiication? therefore, vould not be.
" true. if there is a single case of p_thatﬂis not a gf.‘Therehare other criteria
“which muet:be mat. 'Theee pill be discussed later in this review. Theaimportanee
of reasonieg by implicatioh has been discussed often in relation to mathema%ical
thinking and problem-solving (e.g., Brainerd, l979; Brown, 1979;‘Hadar,'1975;
Roberge & Flexer, 1979(b)), scientific rhinking (Ennrg,-1975§ Ennie & Paulus,
1965) . ) . : L
-'?he diffecrences between the focuses of the study of logic and the study of
logical thieking hes'led various reeearchers to warn of over:dependence upon
the models of logic to represent thought processes.’ For’ example, Evans (1972)
qucqtions the psychological relevance of logical validity to a person who is
engaging in logical rea°¢11ng. Henle (19C2) referred to deductive errors due

u

to omitted, misinterpreted premisee, an unwillingness to perform the systematic

thinking reqeired, or the introduction: of knowledge outside of what is provided
by the premises. Further, Braine (1978) made a distinctiqn between the natural
logic that people use in propositional reasoning,‘and the standard logic of .
logieiane{ .In Braine's conception of human thinking, irferential rules are 3

‘ preferred to such tools of standard logic as truth tables, and axioms. Further,

in Braine's schcme, coneectives such as and, or, -and other lihguistic prbperties
of propos;tions are closer to the usual or conversational meaning of the wordsl
than is the case.in standaxd ;ogic. On the other hand, Chapman and Chapman (1559)
have proposed that people reason "illogically" by logicians' standards, bet
nonetheless syetematically, while WOodwbrthand Sells (1935) proposed an "atmosphere
effect" in which people were considered to evaluape conclusions of argumcnts
according to the atmosphere of the premises. TFor example, if a major premise

contained the word "all," then a conclusion containing the word "all" would tend




te be conslhufed'val}d rugardle;s;of the logic~jnvoivvd;

- With the warnings regardiné using logical structures as models of thought
processes, in mind, it would be appropriate to turn to Piégcg's_theory'of.-
logical thinking (Inhelder & Piaget,.l958;’Piagq;, 1953, 1963).' Piaget made

w

a distinction'between4logic and psychologic. .lle suggestéd that the relationship

between the two}was similar in many respects to thé relationship between pure '

‘logical notation. as symbolic of the strﬁctureg,of thought. As Staudemeyer (1975)  °

Lhas pointed out, this-ﬂuﬁs é_atfain on the interpreta£§bn pf'symboiic 6pg§a;ors, 

and the assumption that subjects‘pérform systematic evaluétion of propositions

or.elenmnéé'in much the aame‘wéy as ldgicians.' Although many have recognized

- the difficulty in interpreting Piaget's writings (Brainerd, 1918{ Flavell, 1977):--'

the weaknesses in his 1ogical quels ffom”ailogician‘s Qiewpoint have. been well .

documented (Ennis, 1975; Parsons, 1960), Further, Smedslund (i970) discussed

the circular.relationship between logic as a psychological variable Aﬁd thought.
Staudenmayer (1975) %6ok the position thqt:an adequate model of huma; thought

would Qécessarily include the variety of intefprc?ations that a persoh bases on

his oxr- her owh envirbnmentai'and bacgground experiences. Johnson=Laird (1975)"

- suggested that no single logic would be adequate to explain human thinking,wé'

‘posiiion also supported by Evans (1972) . Although alternative logical sydtems

are availablc (e.g;, Fféedle, 1977; Rescher, 1976; von Wright, 1957), psychologists

generally seem to prefer the tfaditibnal.Aristotelian models despite thef

criticisms lev€led at those modelsofor the ability to depict human thought

_processes..

Approaches to the Study of Logical Thinking

Falmagne (1975a) has divided the study of logical reasoning into two camps.
The first.she identified with the Piagetian approach. The second , essentially
a psycholingulstic enterprise, she called the propositional approach. Wason and -

Johngon-Laird (1968) had gnot ‘er forﬁula for splitting the psychological study




of reasoning. They traced onc line o;@xesearch to therwuribdrg Sghool at
the beginning of the Twentieth Century and gestalt psychology, and the other
to behaviorism with its “ocus on learning.'

The available literature in reasoning can be profitabiy'organized a third

wé&. This way recognizes three types of approacheé. The first WOuld‘include
tho§e~yho focus oh the interpretations f propositions and structure of

standard logic; This ébpxoach is be;t represented by Wason and Johnson-Laird
(1972). Ihen éhere is the Piagetién abﬁroach which posits a series of develop-n
mentaL étages in the.dgvelopment of logic. . finally,_the information processing
ox memory approach blehdg some of the same tasks and ;ﬁarécteristics;of the ]

other two with somr unique-features of its owm.

The'logicallgtructure approach; - The thfust of research with this approach has

‘been to determine the difficulty of reasoning ﬁéiug basic syllogistic structures
(e.g., Roberge, }97;21 TFurther, theralis an interest in what influepccs make
dealing ﬁith 1§gicai'arguments more difficult. Fory example, it ha# been shown
' réther consistcnfly that modus bonehs () is a relatively easy argument for
‘adults and children to judge. Gékerhll§, modus tollens (MI) is the next easiest,
_ foliqwed by tran;ivity (TR),_denial_of the antecedent.(DA), énd affirmation of
the consequent‘(AC),'reééectiVeiy'(Hadar, 1975; O'ﬁrien & Shapiro, 1968; Roberge,"
1970, 19715 Roberge & Mason, 1978). However, one study found T the most |
difficult form whenvarious permutations cf negation in the prcmise were tried
(Roberge, 1971). .

‘Among tﬁe influences that affect fhe use of'forméllreasoning princlples,
negation of premisés (Roberge, 1971; Roberge & Mason, 1978;.Wason,~& Jolnson=
Laird, 1972), and content of the premises (Mason, Bramble, & Mast,. 1975; Roberge
& Anﬁonak, 1979; Wilkins, 1928), among othercharacteristics have been studied.

Generally, it appears that subjects perform best on concrete coutent with which

they sre familiar as long as the premlses make sense. On the basis of these
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findings, the present study used fairly concrete and familiar objects in - o,

the premises. . > .

Piagetian Approach to the astudy of logic. Pilaget's approaph.to logicgl thinking
is embedded in his'theéry of the development of thinking. According to this
theory, the child develops incréasingly more mature thinkiqg as 1t grovs throﬁgh
a series of stages in which_g_pgiggi Qrganic'struéturés interact with environ-
mental experiences. ‘Initially, the child develops sensory-motor schemes which,

become'the basis.for more mature thought. ‘Through the processeé of assimilation,//”/

-adapting or interpreting external stimulation to coriespond to existing’méhtai

. structures, and accomodatioch, édapting nental sturctures to the external stimuli,

therchild's ability to reason develops. This development process continues

through adolescence to the‘point.at which formal operations have developgd. .At
this final stage, the child can construct combinations of elements, isolate

and manipulate variables, énd fogm‘mental reprcecentations of abétragt concepts
and events (Pitt, 1976).' Thus, all pOSSibilities~for-a set of elements can Be

exploréd. The adolescent is not conscious of this system of possibility, but does

: them naturally (Piaget, 1953).3

Cont:éry to the logical structure approach just discussed, Piaget was“nop
intefestgd in improving the_étructure of formal logic upon thinking and reason-
ing. Rather, his interest wac in describing the thought processes as they -
existed in reasoning on various tasks. Piaget used the notation of formal logic
to describe these thinking processes‘(Piaget, 1953){ This may be one of the
reasons that_Piaget'E.models for logical thinking have been criticized as
1llogical (Brainerd, ;978; Ennis, 1975; Parsons, 1960).

'The core of Piaget's formal operations stage at which complete logical
thought becomes possible are 16 b%nary logical operations formed by the eléments
P anp q (shown in Table.i), and the INRC‘group. The INRC group 1s a group

of operations in the mathematical scnse and moets the four requirecwoats of such




’, groups. 15 closure - whcn elements of the group are combined the Tesult is
- 4
alyays an element of the group& 2) assoclativity - when three elements are
. \

combined, the results are the same no ‘matter what order of combination i§
used; 3) identitz ~- thcrc is an element of the group ,that does not change
other elements when combined with them; and 4) inverse -'for each element -

of the group there is another element ‘of the group that when combined with -

it results in identity (Brainerd 1978) The letters of the INRC group repre-

sent. the following operations:

o
r

s Identity: Application produces an equivalent representation of .
' the same proposition
- o - ({eed I[(peq) v (Beq) v (B54)] = (pba)
» o S . Implication - Implication o e

Negation: changes both signs and conjunctions

(1.e.,N (prq)=pvr
ConJunction Disjunction

Reciprocity: Changes the signs of a propesition _ ’
‘ (i.e. R(P-q) = p*qg
_ Negation Non-implication
: : Reciprocal
Implication S .
Correlation: changes the connections or conjunction in a proposxtlon

(i.e. C(pvq) = p'q _
disjunction conjunction ‘

!

According to Piaget all children pass through the stages of development to

o reach formal operations. The speed or duration of this passage may be somewhat
dependent on environmental factors, but the order will not change. Further,
adults reaching the formal operational stage will be capable of.performing these
operations regardless of background or culture. However, they may be more able :
to demonstrete them in some axeas than others (Piaget, 1972). On the otherrheud,
the operationalizatiou of formal operations is not as .evident as Piaget snggested

. once one goes beyond the tasks that Piaget and his followers have used (Martorano,

. 1978),
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14,
15,
16.

Yiapet's 16 binary propocitions formed by p and qa

~

-

V@) v (0D v Gra) v ('ﬁ-i’)l;bor_ 0

. _.aq\'

Notation ‘ Name o§ proposition
. - ot ‘ ’
Peq . conjunction
.f)'a ., ; ; ‘-.conjuncti:ve negation
peq ) a Negation of Rec'i;)ro;:a'l Implication
Pea Non-implication |
(prq) v (‘f";a) ' Equivalence (p=q) . .
(peq) v (peq) Affirmation of q '
(Beq) v (prq) Affirmation of p ,
(P+q) v. ‘('15\-?1) ‘ - .D_enial.of P ©
CGDvED . Denial of
(pq) v Q(l'?"q) - Nonreverse .Implication
 (1>'(1) v @ vEeED Implicatirﬁ (p>q)
(P“Q) v (p:q) v (P-9q) Reverc: Tmplication (q¢rp)
®q) v (:Q v (- Q) Disjunction (pvq)
Q) v F) v (Beq) -Nonconjunctibn (p/a)
(pra) v Peq) v ('ﬁ-q)_ v (39 Complete Affirmation

Complete Negation

In_ this Table and the remainder of the paper, the following symbols will be uscgl ¢

A line over a letter means megation (i.e., P should be read "not p'"); the symbol >
means implication (p»q should be read "p implies q"), ard thed& symbol means the -
conclusion follows, and should be read "therefore"; the symbol v means "or," and

P v q should be read "p ox q", finally, the symbole~ stands for negation.’
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Infornation processing and memory approaches to thie stuﬂ% of lorde. The
“information processing approaches, égd”tﬁere are severul (e.g¢, Corso, 1937;
Simon and'Ngwcll 1974), are not as tied to the structures an;<>§¢

' Yy

formal logic. Howcver, certain represcentatives of this viewpoint do xely on

ation of. (

'traditional 1ogic to some degree (e.g., Biaine, 1978) Simon £1967) has’
aggued that the. logic essential for this approach only depends upon "the ordinary
logic.of declarative statements" (p. 20). Some -esearciers using this approacﬂ

try to identify qﬁficient algorithms for‘ﬁroblem—solving while others using the
. [y : - ! .

" sane app}oacﬁ may be interested in simulating ;nd.descfibing the structures.

or‘mechanisms of reasoning. Therefore, informatioh processing as it is discussed -

here represcnts a much le.s hOﬂogﬂncouu approach thdn the first two that were

discussead in this 3ection. Yhat makes reprceentatlves of thio group simllar 13

t:] S »

the assgyption that human Lefngs functicn on their cenvironme nt.in serial [ashion

i3
v

using limited "built in" cemputational or operational abilities which allow them

)

‘to solye problems of varying complexity. . . .

-

Most ' information precessing approaches requirc some notions,oﬁ;iqputfof data, -

]

.

some central’processing,.Storage and recall capabilities, and expressive or
decoded "output." Br#;ne;({?78) discusses four cssentials in the central
Processing and storage for iogicallréaSQning, a,co$préhension mechgnism, a
nmchanism.far,seleCting steps, heuristics for plénning and argument, and some [
shoxt~tegm~memory or."compéting" space. Thus, s;me pr;cessing mechanisms in
adZitlion to logiqpldoéerators are reqﬁired.in going from reuasoning to‘behavior.

4 A . . .

Case (1978) emphasized such things as practice, feedback, cue~highlighting, and

~ the size of the space in working memo¥ry. Brown and.Be Loach (1978) referred to

¢

metamenory as contributing to the development of thinking. OthFr reqealcm?rs

have focused on task analysis: (e. g., Mayex, 1978; Trabass@ ‘et al., 1978), the role

of memory (e.g., Potts, 1978), representation o[ different kinaa of tauk and

ObjCCtU (cegry Naycr, 1973), o~d a varioty cf otlier mechoniuns ond proce. ses
- : . .

7

1L o o

%

o
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(Erickson, 1978)., The present research is more relatied to the information

processing research which focuse? on development“of'models to represent or

. . . ™~ '
explain reasoning and thinking, than those designed to produce effeicent problem-

~ solving,’

o

Gomparison of the Three Approaches

By far, the Piagetian approach haa been dominant in the psychological
study of logic in the last forty years or so, partialry because Piaget himself
has been so’ productive a writer and researcher. Most developmental psychological

research in this arca bggins with an affirmation, rejection, or query of some-"

/

" thing Piaget found or wrote. Similarly, most c-itical reviews of the literature

focus on what Pieget did, said, or omitted moreﬂthan upon any other collection

AR

of work. Therefore, the pr@sent comparison wmll necessarily focus disprOportion~~

ately upon Piaget. _ SR e | .

The first point of comparison hetween the three approaches 'is a philosophim‘

‘cal one. That is, each of the three approaches varies in its tonception of

logical thinking in people. The first group is routed in traditionél 1ogica1
structures, validity, truth functions,,syllogismo such as. modus'ponenq modus
tollens, and other concerns of traditional 1ogic. Implicit in‘;his'approach is
the'assumptioo that good logical thinking.(i.e. valid thinking)'is'what humans
should strive toward. That is, the goal of logical thinking is to be able to.
chain propositionu4in ways "in which their application w1ll lead to Iogically
correct reasoning. Not only is there a descriptive component to this rese~rch

which assesses children's and adults' abilities to recognize, analyze or apply

arguments under varying conditions, but also, there is a teaching interest

‘ represented by these researchers. That is, through the usc of training which

. . ) .
may focus upon language gtructures, Venn diagrams, legical truth tables, pro-

positional tasks, and so on, a person's reasoning can be made more logical.

Further, the assumption that humans are not naturally logical seems implicir:

-” ¢
o
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- 4n this approach.

Th;s ig different from the other two approaches, Plaget's ang information
" processing, which seem to assume that there are éxis;ing logical structures
which are revealea by research. Therefore, implicit in these approachés is the
'assumptionfthat logical structures occur natﬁfally in human thought. Further,
there is a difference in the dégree to which these resident structures resemble
-the notaiion syéiem-and structures of traditional logic with Piaget's being
somgwhat more similar to formal logic than the information processing vieﬁ as
it is broadly’copstrued here. Although; as indi~ated earlie;,“hany ieséarcpers

\,

who are here placed in the infogmasion\hyocessing qatégory'do research the

N

\ >

proceséing of foimal syllogisms (Braine, 1978; Mayer, 1978; Revlin & Leirer,

1978}, their"focus:gends to be on the thoﬁgﬁt processes fhaf‘can be identified

rather than the bcgformance of valid thinking. l_ ' ’

Fuftheﬁ distinctionsibeéween these approaches ;an be made on the.basig of

tasks (Danner & Day, 1977; Gelman, 1979; Martorano, 1978; Trabagso, Isen, | _’é~
" Dolecki, McLanaham, Riley, &.Tuckei,:1978)”dengE,tO which validity of the

logic is essential (prhinerd, 1978; Ennis, 1975; Piaget, 1953;.Wason & Johnson-
Laird, 1972), and the focué on linguistic mattexs (ﬁvans, 1973; Roberge, 1978;.
. Hason & Johnson“Léird’ 1972). Piaget minimizes the importance of linguistic
factorg since ;he logical structures he proposes are organismic in nature and
would therefore transcend languége and culture.

The Prgggpt Stud}es

, The present studies were designed to investigate hypotheses related to

»the three approaches identified in the review of the literature. Only the

[

hypotheses which have been tested so far will be reported here. Analysis of

the data is continuing and will be reported on subsecquently.

-

Hypothesis l: Threre will be differences across ages in the kinds of verbal

explanations made by children and adolsccents dn judging logical

arguments.,




Hypbthcsis 2:- The Class inclusion will be rclated to provision of
" correct judgments of the truth of logical arguments' containing

+

implication.

&

Hypothesis 3: There will be an inverse relc:ionship between response

time and correctness of reasoning which reduces as children reach

.
adolescence.

Hypothesis 4: The class mean{ng of a logical argument as.reflected!by'l
_ subjects' explanations of thei. reasoning will correspond to f?ur
components of material implication (piq, P'qs-P°qs & Do) -
To test these hypotheses, two data collection efforts were mounted. Children
and adolsecents who participated ranged in age from five to 16 years of age.
" Subjects were,interviewed'about theif interpretatioﬁs Qf propositions and
logical arguments, and these interviéws were §cbred using-several standards.

The design of these two studies, including scoring, and standardization of

the materials is described in the following section,

.

14
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Methods

’

0f the various approaches that have becn used to study the development of.
logic, eaéh has josed unique difficu}ties. For exampie, some have used formél
'syllogisms to cxplore children's reasoning, However, this kind of logic may not
- correspond to the processas of thin#ing (Braine, 1978; Hénle, i962)., A rather
thorough discussion of<this is provided by Osherson (1975, p. 16-25). Further,

]

much of this research has invelved the use of'gf;up paperlqnd-pencil examinations
aud required recpoudents to'indiccte Qhether the argum;nt foris ars valid or not
(c.g., Hadar, 1975; Roberge, 1970; Loberge & Mason, 1978; Shabiro &_O‘Brien;,1970).
The group administeredvpaper-and~pancil'approach is useéful for testing large N
nwbers of subjocts, but dgcs not offer an oppoxrtunity for, the reéearchpr to
~cxpque tha meaning of tha logic with the child. It would be difficult, for
example, using thig approach to deteriine whctﬁer subjects are giving correct
answers .to logical argunents becauvse they have ﬁe@orized an algorithm, have a
partial understanding that is just enough to give the correct respoanse, or

completely unders;and the logic underlying the argument. This can be shown simply

using the following syllogism:

If all men are mortals
and Socrates i1s a man.

Then Socrates is a mortal.

A child who is'asked about the‘validity of this argument might respond affirma-.
tively because he or she understands the premises in any of the folloﬁing ways :
a) There are mon and there are mortals. . .
b) There are mortals and there are men.'
c) Mon nust be mortals but murtals do not have to be men.

ginne Soerates is a men, he must also be a wortal.




d) To be mortal implies being a man also. For Socrates
to be a man he must be a mortal,
e) Men are mortals, and my father is a mortal, so Socrates must

be like my father.

Although all of the‘ﬁnderstandings listed above would probably lead a child
to ;ay'that the argument is correct, (c) shows the'most complete understanding,
and (d) is clearly ihcorre:gs-”The remaining uﬁderstandings are nqt complete,
-élthough'they would lead the child to respond correctly.
Individual interviews have been usedito explore\éhildren's understanding

> of logic Wigh sone éu;cess (e.g., Falwmagne, 1975; Inhelder & Piaget, 1958;

| Kodroff & Roberge, 1975; Kuhn, 1977)1 Interviews produce some problems, however,
that are less troublesome yith paper-and-penci), group administered instruments.
Thece problems iuvolve administratién'and scéring. Administration problems can
be reduced by training interviewecrs not to influence the behavior of the respon-
dent other than to encourage responscs. Difficulties in écoring and interprecing
interview data can also be reduced by Lraining'scorers and providing well-defined .
guidelines for interpfeting and classifying responses. _;herefore, such materials
and techniques were developed for the present rescarch, and will be described

in the followipg sections along with the subjects studied and the procedures

used.

DESIGN OF THE INTERVIEWS

.The interviews were designed to explore two different kinds of information.
?he first interview gxplored the child's understanding of the premises and
conclusions ‘of syllogisms, the second explored the child's understanding of
syllogisms in total. The two interviews were based on four syllogism forms:
yodus Ponens (MP) (P»Q, P..Q), Modus Tollens (MT) (PsQ, Q.~P), Affirmation of

the Consequent (AC) (PoQ, Q. P), and Denlal of the Antecedent (DA) (PoQ, F.ZQ).
’ .
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Truth table analysis will reveal thnt MP and MT are valid nrguments.while
AC and DA are invalid.

“The two forms are described.in the_followiné sections. S;nce the first
form was designed to.compare understanding of prémises individually and in
the context of a whole argument, it was jdentified as the Part-Whole Form
(Form PW). The second was only desiéned to study the meaning of the whole
argument, and is therefore called the Complete Argument Form (Form CA).
FORM PW. This form was develnped to explore relationships. between understanding
of the superordinate and nubordinate clauses in the major premise ann;logicnl |
prgcessing of the whole argument. As part of the understanding 2f the condif
tionai implication, the cnild's understanding of the impiicit class”inclunion
relationship in the premices was explored. Further, the form was designed”to
explore two different contcnt dimchiong at the same time, concrete and verbal.
Since there was a pos sibiiity that experience with a panmgial presentation might
infiuence a child's performance on the total argument, and vice versa, the
interview:was nalanced for presentation of part first or wheole first, and.for
the two content dimensions producing fonrAparts as follows:

Part'I - Whole first, concrate.

Part II -~ Part first, concrete.

Part 1II - Whole first, verbal.

Part IV - Part flrst, verbal.

Items were similar to the three-choice response paradigm used in other
reasoning research (Ennis & Paulus, 1965; Hill, 1961; Roberge, 1970). That is,
subjects were required to state whether they thought the connlusion was true
or invalid with the following three choices: Yes (it is true), No (it is not
true), Mayte (it may be or may not be true depending upon‘circumstances). How-
ever, in the present interviews subjects welre asked to glve reasons.for thelr

anasviQrs.,
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- (Of coufse, the items were all presented in Dutch).
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In cach concrete presentation the examincr used two trays (clear plastic
18 0 cm x 11.6 cm x 3.2 cm). One had ten small plastic animals in it (varying'
sizes ranging in height from about 2 cm to about’ 5.5 cm and includlng one each
of a lion, deer, antelope, rhinocelous, elcphanr kangeroo, black cheeta,
white polar bear, moose, and a white dog; the dog statue came from the standard
1959 Stanford—Binet Intelligence Test Kit.). The other tray‘(identical to the"
first) contained 12 green blocks (2. 5 cm3) fxom the Stanford—Binct Kit. In the
animal tray the dog was placed separately from che cluster of other animals at
one end of the tray. Fur:her, outside of the trays, the cxaminers_had an unpaintec

wood block of 2.5 ecm x 2.5 cm x 8.0 cm, and a sccond dog identical to chc one in

the animal tray., TFor the verbal presentation, cards (16 cm x 10 cm) containing

-drawings of a tree and a football (soccer~b511) were used. Illustrations of the

o

materials described here are in the appendix. ,

?

" The format of the whole-first presentation (Parts I and IL) for -each item

1s illustrated below using an example from the animals-dog concrete content.?

1. Examiner puts tray A before the subject and'Saysb:

“IF'ALL DOGS ARE ANIMALS (as words are spoken, E pointg to dogs and
-~ then rest of animals).

AND THIS 1S A DOG (E shows S the statue of other dog that had

been kept out of sight).
THEN, T SHOULD BUT THIS P
WITH THE ANIMALS _ (E places Jog in box near dqés),(

4 The rcader can easily construct the remainder of'ihe items by substituting

the "cubes and blocks,".vtreas and plants" and "balls and round things" in

the premise of the four syllogism forms. Table 2 should be of some help here.
b The words theAexamincr says arc in upper case ﬂ%;ters; instructions to the

- ekaminer are in lower case.,

18-




A. DOES THAT CONCLUSION FOLLOW?
* Lf the child does not give a standard answer, (yes, no, maybe) E says:
REMEMBER, YOU CAN ONLY SAY YES, WHICH MEANS II MUST FOLLOW:
_'NO, WHICH ,MEANS IT CANNOT FQLLOW, OR
MAYBE, WHICH MEANS IT MAY BE TRUE SOMETIMES, BUT YOU HAVE NOT BEEN
_TOLD ENOUGH TO BE- CERTAIN, |
" ‘When S gives a étandard ansver, E asks:
B. WHY DO YOU SAY THAT?
After S's answef, E éontiﬁues: _
_C. ./i'E‘LL ME qur IT MEANS 70“¥OU WHEN 1 SAY,
| ALL DOGS ATE ANDMALS, - a
Whep S responds, E asks: |
'D. -ARE THERE MORE DOGS OR- ANIMALS?
When § responds, E continues, NOV '(ELL -ME WHAT.THIS MEANS:
E. THIS iS A DOG (E points td.larger dog in tray) |,

THEN, I SHOULD PUT THLS WITH THE ANIMALS.

The following ;s.an illustrétidn of an item from the part-first preséntation K
(Parts JI and IV)f Again the animals-dog content is used for.the’illustration.
‘4.A Examinér puts;fray A before the subject and says:
A, TELL ME WHAT IT MEANS TO YOU WHEN I SAY,
ALL DOGS ARE ANIMALS. IR
When S responds, E asks:- |
B, ARE THERE MORE DOCS OR ANIMALS?
When S responds, E continues, NOW TELL ME WHAT THIS MEANS}
C. THIS IS NOT AN ANIMAL  (E holds up dog) |
| THEN, I SHOULD PUT TIlIS WLTH THE DOGS .
After S.rQSponds, L swvys, “

NOW LISYEN TO THIS ONE.
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) .
IF ALL DOGS ARI ANIMALS (C points to dogs tlen animals as words are
' spolien) . :

o

THIS IS MOT AN ANIMAL
THEN, 1 PUT THIS WITH THE DOGS. -
D. DOES THAT CONCLUSION FOLLOW:
'1f the chiid dﬁes not give a standard answer, (yés, no, maybe), E says:
| REMEMBER, YOU CAN ONLY SAY YES, WHICH MﬂANS IT MUST BE TRUE. e
NO, WHICH MEANS IT CANNOT TIOLLOW. 'OR-
'MAYBE, WHICH MEANS IT MAX BE TRUE SOMETIMES. BU? YOU HAVE NOT BEEN
~ “T0LD ENOUGH Tp.izn "CERTAIN, | | |
When é“giveé a stanénrd answex, E says:'

E. WY DO YOU SAY THAT?

The content by sylln;i:m patrix in Talle 2 ehovs the schematic usc¢d to.
conctyvct thé jtens. Thare wer~ two itens in every part for eacﬁ'kind.of
content and syllogism, Siunce. there wereufour syllogisms, and ﬁ@o kinds of
con;ent.érbsscd in cach part. There was a total of éight items in a part, and

32 items in the whole intqrview."

Tabie 2
Content matrix for contructing test items for Form PW. a)
N
Concrete Content Y Verbal Content -
Part -~ First Whole - -First Part - First . Whole -First

Dogs/ Cubes/ Dogs/  Cubes/ Trees/ Balls/ Trees/ Balls/
Animals Blocks Animals Blocks Plants Round things.Plants Round things

MP 1 5 1 5 1 5 1 5

MT 2 6 2 6 ‘2 6 2 6

" DA 3 7 3 .7 3 7 3 7

| 8 4 8 4 .8

AC b 8 4

- e msars s m o eme o

&) Yumarels in celle of t:ohle veed to randowly order items.
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Syllogism form - "cireles 1 —' cubes

yellow green . yellow | green

MP 1. | 1 9 - " 17 25

2. |- 2 10 - 18 26

MT 1. 3 11 | 19 27

2, 4 12 | 20 28

| o 5 13 . on 29
1 6 SV 2 30 t

AC L. | 7. 15 N 23 31

l- 20 ‘g 16 24 32

_____f______________f______________17___T______T______1

THEN IT IS seveeaasas
A. ¥ then says: DOES THAT FOLLOW?
If the child does not give a standard.answcr, Elsays: .
REMEMBER QOU CAN OLLY SAY YLS, WHICH MEANS IT NUST DE TRUE,
NO, WHICH NEANS.IT CANNOt BE TRUE, OR
'MAYBE, WHICH MEANS YOU LAVE NOT BELN 10LD ENOUGH TO BE CERTAIN.
B. When the éhild'has_given.an answer, [ asks:
WHY DO YOU SAY THAT? |

-

From the argumeﬁts (MP, MT, DA' AC in two forms each), shape of the minor
premise block (circle or cube), and color (yellow or green), a total of 32
_iteu, were_constructed. This is illustratcd in. Table 3. As with the 1ast
from,.thé items-were ordered randomly in the intervicw. In’addition; the 32
items werc divided in half, sc that 16 items could be adminlﬂtered in ap admini-
stration. This required the cthd to aLtendzf01 periods of about 10 to 20 minutes,

*

usvally about 12 m;nutcs.

Table 3

Content ticerix for Iormtng Tcst Items for F01m cal a) .

-

\.\;_

a)

Nunerals in cells.used to randomly csder itcmszl

e c -

T
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. a) Numerals in colls'dsed to r#ndomly order itcms
For research queétions not included in the present discussibn, half of
the subjéctﬁyﬁété a&miai;tergd the items with tﬁ; content of the minor premise
pqued'éepa;;:;i; fre.. the remainder of tﬁe blocks on the carpet using the
° lred taperétrip asih barrier. The rest of the gubject; were shown the carpét

[

with content of-the minor premisefincludgd with the other blocks.

' ADMINISTRATION . . . | ¢
The interviews wé:e adm;niétéréd during the tegulér'scho&l day individually
by graduaté studénts in developmeﬁta} psycholog§ from the University of Nijmegen.
. Interviews were recoyded oh cassette tape for later analysis. Examiners_hgd}‘
‘Specific:instructioﬁs‘aescfiﬁing what to say. Copies of these instructions’
arc incluaed with the.intervi%ﬁs'iﬁ.the Appendices of this report.
| Children ané adolegscents were interviewved individuﬁily}in é quiét xroom
Houtside of their fégulax classrqom. The setting varied slightly in each séhool,
towever, éencrally tﬁe exaniner sat at a table dirccély across from the.ch%ld
with the test.materials arraﬁged between them and thé éassette tape regorder :
(With built~-in migrophone) off to one side, |
Each sessilon was designed to take no more than.20 uinutes. Generally one
or two parts of Form PW ﬁere admihis;ered duri;g ; single session. With Form
Ci, haif the items (16) admiﬁistered in a typical session, however, with older
.pr'more able subjects, occasioﬁélly\all'items could be administered within the
20 minute sessimn. The order of adﬁinistration of the parts for Form.Pw, and
the halves for Form CA was randomly deﬁérmined.
Each child's interviev was preceded by a series of instructioms and some
Sractice examples. The practice cxamples were devised to give the child sone
experience with the intérview format and the use of the ﬁerms YES, 'NO and MAYBE

format for responding. The practice problems did not contain any of the formal

arguncnts used in the intervicw, The practice examples and accompanying

~ 22




instructions are included in the Appendicgs..

SUBJECTS

?%ybjects for the studies described here were students in nutsery,

21 .o

~ primary, and secondary schools in the region of Nijmegcn, the Netherlands.

h Kindergarten, 2nd, 4th, and 6th grade children were randomly sampled as were

studeptsufrom the second year of secondary school and administered Form PW.

Secondary-school students wore selected in the ratio for:HAVO, MAvo; and VWO

at that level. Although it should be stated that at the particular secondary
/ . ' .

'échool which sppplied,ﬁhe séﬁplc, a larger portion of the students go on to a

Vwo:p:ogram‘than is the pésé nationally.

-

Table 4 summarizes the charucteristics of the students.

“qable 4

LI

%

Characteristics of Students who participateda

Grade . Number of boys " Number of girls Averége age (yrs-montﬁs)
Kindergarten ; 5 S. 6~0

1 ‘. 7 5 7-0 )
. 2 6 ik 5 8-2

3 6. 6 C o 9e1

4 6 6 10-2

5 6 6 10

6 6 6 12-3
Secondary 1 9 9 13-0
Secondary 2 5 ¢ 15-8

51

.

53

a . '
,) Kindcrgarten, second, fourth, rixth grairvs and Sceondory 2 students respended

te Form kW, and {irst, third, filfth gradors, aud S

23

to TFora CA.

PR |
ecoandary 1

students responded

AN
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TABULATING AND SCORING

’

In this section, three dtages in the procecsing of tlhe data collectedj
in the interviews are discussed. 'he first is the transcription of the
data from the cassette thpes to_handwrittcn protocols. This was done to

facilitate scoring, and to make a record of each interview. The second
Y ’ . 2 . : ’

stage involved the actual scoring of -the child*s assessment of the syllogism.
. ¢ ’ ' * :

The third stage included the classifying of the child's verbal explanations

into categofies of verbal and iogical explapations. . e ' i

R
©

Trangcription. All interviews were recorded using acassette tape recorder

(Philips, N2215 automatic portable caauette) The recordings were made so

that there would be an accurate reco{; of each interview, Rowever, it was

felt that scoring from tbe recorded'interv1ew would be dlfficult be»ause
rcsponses to specific quesL¢ons cannot be addressed easily on a cassette Lape;
Also, wh;n scoring, the time requ;reé m:play a tape in order Lo listen. to-

one testing session would be greater than'the time neéded for readiug 4 trans-
cript of the session 1if iﬁ were in written form. f;r thaﬁ reason, the children's
responses were transcribed.v Forms‘wére used vﬁicﬁ were desiéned to facllitate
scoring,and at the same‘time reduce- the amounf of writing necessary to’rgcgrd

the essence of the child's fesbonses. | .

For Parts I and III of Form PW in which the whole syllogism was prescnted

]

first, responses were transcribed using the following format for each item: -

A. YES NO MAY@E
B,
A
Co » ’
D, r Q
E. o

24
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The transcription format -used with cach item of Parts LI and IV of Form

PW was: .
A, _ jﬁ
B, P Q V ’
Cc s . . ' '; . ) . . | v
" . . * . . ) . N
D, - YES _ NO ° - . 'MAYRE ]
E. | e | ; N

Note that in both formats, the 1ettcrs"corresponé to the order of the
questions asked, | _ _ - . . L
Tranécribgrs uséd these forms in t;e,follpwing way. They circled the
ch@ld;s recponse to the question chout ypether the argumont was éruc (YEs, NO, -
or MAYBE), aund to the class inElusioﬁ question_(subqrdinate (P) br.superordinéte
B(Q) ): For»the remainiﬁg sections,-thé trénscribers wercotqld.to record in ghe
child's words what they thought were the essentials of theAéhild's response.
LThey°were told to émip any irrelevant verbalization,“and to.kegp in mind Ehat
they would bé required to score the'cﬁild's undgrsfandingof his or.her_response
on the hgsi; of what was written in the transcripts. Since ﬁhere was thus “an
'elépent'of judgmentmfequired on tﬁe parg of thé-persons doing the transcription,
m_;he question of inter-trgnscriber reliability wég raised. This.question was l

investigated and will be discussed further in the section on reliabiliry.

The format for transcribing responses to each item in the Form CA interviews

-

is shown below. 7 . o _ : ~ 0
A, YES . NO MAYBE - °

B, 3 | B

C. '
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A

In the section labelled "A" the tramseriber circled YES, NO, or MAYBE to
indicate the child's response. In section B, the esscntials of the child's

respohse were noted. JFinally, in section C, “the time élapsed in sgaconds

S~
\\

from when the examiner bcgan the question tofthe moment when the chila

'respondeéd with‘"YES,"'"NO," "MAXBE;" The time was recorded using ; handwheld
\\ﬁt0pwatch with' a sweep second haud, and was recorded to 1/10 secend accuracy.

The reliability oﬁ_&?e timing-recorded by - transcribers was studies as well as

the reliability of the tranecription and will be discussed later.

o

» Scoring. In Form PW two questions in each item, and in Form CA one question in
oach iten eould be scored-directly.q That ig, the items'for,which the thid N

. was responding with a one word angtrer that was either correct or inCOrréct

-"could be scered directly without further .interpretation.,  These were scored !

using ¢ key. An-incorréct an;wor'was credited.as_"o"’and a correct ooe'do :
"y Tﬂc totgl\score was the sum of the 1's and 0's. |

.

Claqsificat)on of Verbal Explanations Two instruments were.used for classifying

verbal reSponses.‘ One, the KOdrOff-RObelbe Sthem, focused on categories of
verbal explanation based on techniques used with some success to classify

children's verbal reasoning (Antonak & Roberée, 1978; Kodroff & Roberge, 1975).
The second classification_system (C-L) was directed more at the class and.iogical
relationships expressed by.thefchiidrcn. ,Copiec of the forms designed for these
two classification systems may be found id the Appendices. The specific instruc-
tions éiven to the scorers are also included in the Appendices. Scorers practiced
the two systems until‘they felt that they were familiar enough with them to use

\ v

them. Then inter-rater reliability was determined.

. Kodroff-Roberge System. The K~R system used in the pr:sent studies was
~adapted somewhat from the instrumentation of Kodroff and Roberge. To begin with,

LTS

the orlyinal system had alx catcgorics of verbal behovior. The first four

Cntcgoxies were used as propo"cd by Kodroff aud RObCLBPo They included

2{)
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verbalization deficits (an inability to discuss the logic behind a deficit,

e.g., "I don't kanor "), memory deficits (repeating a premise dncorrcctly, losing.
train of fhought or becbming confused, e.g., "Because this is a plant and

this ... I forgot;"), arbltrary explanations (bringing in facts not given in

the premises, e.g., "I had 7 dog like that once and he was an animal"), and

structural'deficitg (response indicating an awareness of conditional iogic

but not adequate conditional reasoning, 3.g., ""There aye dogs and there are

~ animals."), patterned explanations, the,gixth K-R category (response indicating

that the premises are organized in a pattcrn, at least three terms in the item

are included ("e.g., Doge and animals. This 1s a dog and an animal"). <The"

fifth category, conditional reasoning was éhanged.slightiy from the Kodroff-

lRober'ge meahing._ In the current system a response was only scored as condi~ .

tional reasoniug if the rcsﬂonse showed sown widerstanding of conditional b
rcasoning that’was-incorrect. The child must have inélqgad the words "If" aqé
"then" in the response (e.g{, "If this is a plant, then it must’be a tree.")

Two other chang?s were made in the original version of_the K-R scoring

system fof.the pre;ént stgdies. One was the ad&ition of a category called

3 » other for verbal explénétions which did not fit the other categories. The
second was the‘additibnvof a catego:§ entit1ed good logic. To be classified
as good logic the response must not have fit in any of the other categories,
_must have shown mature 1nterpretation”of the premises and the implications
involved, ahd the proper relationship between the superordinaPe and subordinate

terms in the major premise (e.g., "Since all dogs are animals, there can be no

dogs that are not animals. Therefore, this is a dog, so it is also an animal").

C-1. Coding Form. The C~L coding form was devised to identify the kinds of logic

represented in subjects' responses. There were two kinds of ratings made of cach
response using this system. The first Lind wes classification, the second was

logical: relationships.
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Classification rclationships referred to the subordinate and super-
ordinate characteristics of the terms dn the premiue., For example, in the
prc *ise "If all trees are plants," trces are part of the group of things

?

callcd plants., However, the child's verbalization may reflect on understanding
of the premise with trees and plants as separate and equal concepts, or some trees
as plants but others not, etc. These kinds of relationships were coded on

¢

the class relationships sidec of Foxrm C-L. To illustrate, "If all tieeslare

plants,"

may be-understood by the child to mean any of the following:

a) There are equal numbers of trees and plants (P~Q).

b) Therc are move treez them plaats (22Q). . e

¢) There are less trees than plants (14Q).

d) Trecs and plouts bLoth cxiet es sepurate wnrelated concepts (@@).

€) Trees aud plinre are parte of the wvaee qongnpt_( QED). |
' )

L) So:n_trees are plentg axd scun planty are tzoul ((g§:§z). R

g) Trees are part of the larger group of plents ({(¢?) Q)).

h) Plants are part of the larger group of trzes ( @D P 2. | o

These categories of weaning formed the class relationship categories of the

' C~L coding form.

The logical ratings on the other'hahd were based on Piaget's suggesﬁions
‘about the components of logical implication (see Erxnie, 1975; Inhelder & Plaget,
1958). To these were added a few categories that were to be important from
the 16 binary pfobositions_forﬁad by P and Q (Inhelder & Piaget, 1958).' The
following categories were cheaken when cvidence for them could be found in the
child's response:

a) P ¢ The subordinate () clausnc or term is alfiined.
b) Q ¢ The supérordinate (Q) claust or'term is affirmed. | .

¢) P 3 The negation of P in cflfiriad.
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d) 6' ¢ The negation BI\Q is affirmed.

e) PuQ : Both P and Q are rccoguizcd...v o
f) 'F.Q ¢ The negation of P and Q are affirmed.

g) P.Q & The negation of both P and Q ave affirmed. )

h) P.Q : The existence of P without Q is affirmed.

i) N(P.Q) : The existence of P without Q.is denied. !
1) ;:g : ‘Eyﬁdence of transitive reasoning (from P to R and R to Q) is

glven.

Logicel relationships were checked 1f they werc'implied by the child's
.rccponsu.~ For example; if the regponcse was "Vhen these aue dogs, these are

animals because dogs are enimals," the item would be scored as%P.Q (vhere P
represents Lhe subordinate and Q the superordinate cuategorles in the premises).
lut also, since it is implied thot not ald eatanls are dog,S, ;r that dogs
constitute a éubordinate group of th: categor, of tlings Licm as animals, the
1ogical relationshipé P.a'and fla'could be inferred. h

These kinds of infcrences on the part of the scorers required thot the
scorers be trained. Yurther, with such -~ procedure, inter-rater rceliability
should be established to demonstrate that different raters can-fate a protocol
with some consistency, or to put it another woy, that different people can see
the same thinés in a given protocol.

The logical and the class'sides of the C-L coding form contained a colum
for "other," which was used when a‘response could not be placed in one of the
categories._VSCOrers placed a check mark in the appropriate column for cach of
the class and logical relationships that could be inferred from a response.

Scorers were trained to use coding Form C-I by‘coding two or three protocols
togather after they had rch and discussed the procedures. When they felit that
their ratings were agreeing substantially, they rated tho reliability protocols.

After reliabillity was established, the remainder of the protocols wore scored.
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RELIABTLITY
Reliability refers to the degrec to which a test or procedure ylelds

;§nsistent information. The ;;esent section discusses reliability estima-
tions of various types for each of the procedures used. The reliability of
the transcriﬁtioﬁ procedures are discussed first. Then the reliabilities of
- the total reasoning ééorés obtainable frém Forms PW and CA #re described.
'Following this, the Kodroff-Roberge verbal'classification-system is discussed
" from the point of view of reliability of the .raters. Finally, reliability
estiuationsffor the C-L coding Form are presented. These feliability studi.cs
were madc'usipg the same three third year graduate gtudents in developmental
psychology at the Catholic University of Nijmegcn,_mho collected the date,
then tr&nscribcd and recordedlft. bctails'of the reliability studies are

reported elsevhiere (fason, Hasrs, Dingomins, Diercan van Duuren, 1979).

A. RELIABILITY OF TRAUSCRIPT1QiS ' " | .o

Foxrm PW = A randon sanple of five‘cagsette taprs was chosen from a pool
of 112 taped interviews, one tape from cach of the five grades tested. IRach
cassetté cpntained two parts of the four part form. Two of the tapes chosen
contained parts 1 and II,'the rema}nder contained Pérts II and IV, Tﬁé'raﬁefs
averaged ébou; 12 to 15 words per response for the 120 responses they each
transcribed on the five tapes. Thore were no, gignificant differcnces bcf@ccn
the raters in the number'of-words they tranélribed. Further, the average
correlations between.tha thxec-iaters for the number of words they transcribed
"yanged from .77 to .99 and sugggsted a high degree of consistency between
raters in terms of the number of words transcribed.

However, agrecment in the nurhoer of words does not suggust agreement in
thq meaning of the wo;ds or the words used. The dugrde to which the raters

agrecd uvpon the meaning of thedir trenceriptions wns investigated by comparing

thetr ratings using tlie K=R aad C-L gcoring nystems, and iu dioenssed 3ot dn




"of raters. Further analysis revealed correlations between pairs of raters

‘about 10 to 13 of the same words were written in the same order by each pair

.29
this report. 1In regard to tho degree to which there was agreement in the

actual words used, and the order in which they appeared in thg transcripte,

a canE was made with each rater paired with every other one. An average of

ranging from .86 to :99 suggesting a high dégree of consistency. It was
concluded on the basis of these data tﬁat there was a high degree of consis-
tency in transcribing from the recorded interviews using the instructions for
the raters that were given. | -

Form CA - A fandom sample of ecight taped-inte;viewa w#s chosen from a
pool of 54 intexviews. Two intorviews werc chosen Erom each of the first
grade, third grade, fifth grade,'an& ffrst year secondary school (seventh year
of formal education). Again, the séwa three scorers wexe used, Tvo transcribed
an avoerage of about 19 worde per item, the third averaged about 12.5 worde.
Although tﬁe difference between the third and the first two was staﬁisti&ally
significant <t°</2 = 5,13 and 4.26, respectively, df = 510, p_< .001), thié lack
of agreement between oﬁe of the raters and the o;hef two does not suggesﬁ that

the shorter transcriptions were:necessarily less adequate than the longer ones

for extracting meaning. This would -be revealed in the application of the C-kL
an% K-R scoring systems to the data if if is the case.

The degree to which the number Qf words transcribed correlated auong' the
three trénscribers was invéstigated. Correlations ranged from .70 to .96
suggesting that even though there was a difference in the number of words
recorded among observers, there was moderate to high agreemeﬁt on the items for
which more transcribed words were required to determine the meaning of the
child's response. Similar correlation patterns were found for the correlations
aﬁong pairs of raters.

Using the hand held stopwatch, cuch rater averaged about 12,5 scconds in
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response time meosured for each item. There were no significant differences

.

amond raters, and the response times correlated .96 between pairs of raters.
That is, the data suggested that each rater timed the various responses almost
jdentically indicating a high reliability for this measure.

B. RﬂLIABILITY oF REASONING 'SCORES

Each form PW and AC was capable of yielding a total reasoning score.i
“This total score was computed by summing the correct responses (YES, NO, or .
MAYBE) for the question about whether each argument was true. When the child
was correct, a score of 1 was assigned to the item, and when incorrect, a
score of_zero was assigned. The total reasoning was u summation of all tne
1's and 0's. The internal consistency approach was used to~inVestigate5the
reliability of tnis total score. |

Two intcrnal coneitrcncy formulas wero uscd, the Spearman-Brown, and one

Cronbach (1960) suggeqtod as a more -adequate me thod. For Torm PW, both methods

yielded reliability estimates of .88. For Form CA, both methods provided
estimates of .93. It was concluded that internalfconsistency reliability was

adequate for these instruments.

C. .RELIABILiTY OF TnE REVISED KODROFF-ROBERGE SYSTEM

Since the Kodroff-Roberge sYstem is“a method for classification of verbal
responses to questions requiring reasoning, the reliability question with this
system concerns the consistency with which different raters use the response p
categories. Raters made their ratings from the hand-written transcriptions
of the taped interviews. Each rater used his or her own transcription since.

it was felt that in a practical scoring stiuation, the rater would use his or

Y R IR NA N -]

_ her own transcription. Furthermore, the transcribers were given the instrictions

to only transcribe the parts of the child's verbal response that they felt
were necessary to show the child's understanding of the reasoning principles

it used., Therefore, the rater's classifications op this and the C-1 coding
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forms could be considered evidence of content validicy of the transcripts if
the inter-rater reliability were high.

The determination of inter-rater agreement with categorical data is

, somewhat more complex than simply counting the number of times two or more

raters agree and. the number of times that they do not. Many of the problems
involved have been discussed by Cohen (1960), Light (1971), and Robinson (1957).
Basically, tﬁe problems involve a di;;inction betveen dempustrating patterns of
agreemeht versus patterns of aSsociation. The metﬁbds suppested by Light (1971)
and Cohen (1960) were ugsed with the present data, ) |
For each of the Forms PV and CA, a thrcc d¢mcnaional matrix of agxeement

wag constructed. There was one dlmenslon.for each rater. The eight categories

3

of ratinge vere placed along cach dimension .to form &n 8 x 8§ x 8 cube containing

512 "cells." Using:these cubes, coefficients of agreement werc calculated for
all thrce raters using Light's procedure (1971, p. 3065:-370), and for pairs. of

raters using Cohen's (1960) method.

Form PW - The overall coefficient of rellability (Km) of the ratings gchn_
by the three raters was computed to be .74 with the Light formula. Inter-rater
reliabilities (K) were computed to be .75, .77, and .70, respectively, for '
pa?rs of raters: These reliabilities were conoidered moderate and were statis-
tically significant (pC.OS). It shquld be no_ted that there was somewhat; greater
agreement between raters for the responses of children who were younger (Kinder-
garten and second grade) and £hos¢ who were older (seqond year of secondarf school) .
AL those ages raters said the children secmed better able to express their |
understanding, ot lack of it. The fourth and sixth graders may have been in-a

transitional stage betwccn more mature logic (or less), and between more (or lessn ) :

mature cxpressive elility. 7This, of course, is a broader researeh question than
L
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can be discﬁqsud hern;.and will be the subject of later reports. uowever, v
1t should be recognized that if at some ages children are not sure what they
mean Lo say about their logic, or are not sure hov to explain it, this could
affect the consistency of those trying to rate what they say they mean, |
In addition, ﬁhe percent of agregﬁents between pairs of raters-were
computed. These réngéd-bétween 78.13% and 83.75%. This waé considered
substantial, and to reflect further on the consistcncy between raters. A

total of 160 responses was rated in the five tapes by the three raters.

4

Form CA - The overall coefficient of rellability (Km) for t%ﬁ three raters

was computed to be .70. For pairs of ratere intcrjrater reliability estimates .
'fanged frpm .66 to .74 using Cohen'é methoq. Further, the pairs of raters
agreed’on/from 77.08% to 82,92£.of the 240 reSponnés they. considered. Again,
ﬁhesc reliability estimates were consideves ﬁodcrate, and scemed to be influenced
.bf uncléarness of responscs bf the middie agerrange._

| The moderate reliabilities obtained for this form are slightly lower thaﬂ
‘those reported by previous users of the original Kodroff-Roberge system. For
example, using Cohen's method, Kodroff and Roberge (1975)'reborted a reliability
of .86 for a\pair of raters.. However, their ddtg were frém children who were
younger than those in the present studies (first to tﬁird'gradgs).”‘The querate
reliabilities obtained for thé threg obgervers in the:present study supggest
éhat researchers using the K-R system with a broéd age range should not try to
interpret small.differences, eépecially among fourth to sixth graders, because
such differences may not be reliable even if they do approach staﬁistical

- gignificance.
‘ . ;

D. RELIABILITY OF TilE CLASS - LOGIC SCORING SYSTEM

-
T™e same three raters and tapes were used to study the reliability of the

C-1. ruovdng system.  Since Lhe nuubers invelved vare suaall (10 parts jfov Fewm PW,

o ' he
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Note: _E(.OS for significant cox‘mlat:iox;;iE ,

33
and'B tapes for Form CA), the data from the two were combined. Even so,
there wefe not enough ratings in some of the categories to produce dependable
reliability estimates. However, it should be noted that these categories were
not useq\ﬁith consistency by the three raters and although this contributed.
to the lower correlations in some.cases, it does show a consistency among the
raters. Tables 5 and 6 show the correlations_bétween raters for the frequency
with which they rated categorics (with tape as. the unit of analysis (q==18). Also |
shown in the tables are the number of times both raters in a pair used a category
for the same t1pe. Genefally, it can be seen that tﬁe categories that were used
-more frequently show higher inger~rater}éorrélations, the exceptions'being (P==Q)
1ﬂ Table 10 and (P) in Téble 1. One can conclude from these data that certain .

of the categories, notably @), (.Q) and (P.Q)- from the logic ratings, and (P4 Q)

@ ), and @@in the class ratings can be used with some confidence of reliability.
4 y _ -

/ . ' !

-

Table 5
Correlations between raters "for the frequencies that they used class categories,

and the number of tapes (n) in which each category was used by both raters for

)

the 18 reliability tapes.?

Pairs of - B CATE ORY
Raters ~ P=q  P>Q  PQ @ @ @ @1 other
1 with 2 | ; L
Ty n.s. . n.s. 87 .69 .50 77 .76 n.s. n.s.
n 13 11 9 13 8 13 3 2
1l with 3 | .
rxy n.s. N.S. .87 .87 68 .97 .89 n.s. n.s.
n C11 1 11 ‘11 14 8 12 ) 4
2 with 3 .
rxy n.8., n.8. .77 90 n.s. 74 .63 Nn.S. 80
no 9 0 9 9 13 7 11 6 14
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' Vo Table 6 : .

Correlations between raters for the frequencies that they used logic categories,
" and the number of tapes (n) in which each category was used by both raters

for the 18 reliability,tapes.a

© Pairs of " _ _ P4R

Ratetrs P Q ° P Q P.Q. P.Q P.Q P.Q N(B.Q) R+Q other
1 with 2 _ .
Txy n.s  n.s. .92 n.s. .53 .59 .86 ..67 .52 n.s. n.s.
n . 4 3 2 0 18 . 9s5-11 12 2 0- 2
.1 with 3 . _ ' - } . .
Tay ~ n.s. n.s. .83 nu.s. ’€51 .97 .92 .93 .56 n.s. n.s.
n 10 5 2 1 18 12 , 12 10 & 0 3
.2 with 3 |
Fry ‘mes. .5 .79 m.s. .86° .66 83 .68 n.s. n.s. .71
n ~ 4 4 1 o0 18 12 § 11 ‘2 0 9
- Suumary

The procedurcs outlined in this section represent a fairly complex set of

- : perspectives for the researcher to use in assessing children's reasoning. The

procedures are not»meant'to be comprehensive.  However, they do comprise a
system which_agsesses verbal expression (K-R), understanding of iﬁplication
-(C-L), and ability to reason logicélly (total score). 1t also assesses
understanding of pé;tg of conditional arguments, the arguments presented as
.a-whole, and understan&iug of the class inclusion aspects of implication.
Further, it has been used Qith children ranging in age from five to 15 years old.

The following section of thisxreport addresses four hypotheses tested using

the methods and materials described in this section.
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Analyses of Data

_ v “ .

| | | Study I ° | - .

. 8 Hypothesis: There will be differences across
ages in the kinds of verbal explanations

o _ made by children and adolescents jin judging
AR logical arguments.. R . o

Introduction

4

The importance of verbal explanations for the understanding of children' s

reasoning behavior has been recognized in’ mathematical reasoning (Austin & Howsam.ljﬁ

1979; Vergnaud, 1979), and more “traditional logical reasoning tasks such as
syllogisms (Evans, 1972; Roberge, 1978; Wason, & Johnson-Laird, 1972). Piaget
(1955,‘1972) has suégested that at the stage of formal;operations (early
adolc°ccncc), reasoning with vorbal symbols as abstract representationv of
concrete elements becomes~more promineut. 'One would suspect, thereforc, that
adolescents' verbal explanations for the11 logical thinking would be a better -

4'

reflection,of their actual judgments than would be the case with younger child-
ren. . |
The importance of the linguistic structure on the reaSoning task has been
.ln recognized (e.g., Evans, 1972; Johnson-Laird & Taggart, 1969; Roberge, 1978).
For example, Evans (1972) - reported that wording a conditional as "If ..., then..;
led to more correct response for MP than MT, while MT responses improved when
the conditional was worded in the'"Only if ;.., then..." form. One of the
- ways of exploring the bases for this kind of finding is by asking subjects
queriions about why they gave the reasons that they did. This approach has
been criticized by Ennis-(l975);“Brainerd (1578), and others. -Basicaily the .
L criticism.deals with a lack of assurance that verbal ekplanations coincide

with the reasoning that takes place. Verbal ability depends upon ag?, vocabulary,

practice in explaining, background experience, fornal learning, and other
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factors whigh may or may not be independent of.the siTple judgment of an
argument as valid. Further, there is a question about whether thinking is
verbal, and can be explained easily using language. Another ériticism can .
' be raised about the experimenter's ability to iﬁtérpret the Verbalization
of the subject in the correct way. On the other hana,-Evans (1972) has called
for more "thinkiqg aloud" procedures to analyze human thought and reason.
The bresent study attempted to reduce some-of the previous criticism of
verbal explanation procedures, by using the Kodroff-Roberge (K-R) system for
" classification of verbal explanation. Using this sys;em, Kodroff and Roberge
;(}975) f;und arbitrary explanat;ons_and patterﬁed explanations prominent in a
gample.of_chiidren in first, second and third_grades of elgmentary school. Fux-
ther, they found more correct reasoning with concrete than with verbal presen-
tation, and MP appeared-less.difficult thgn MI. Verbal defiigtS'was the
" predominant categéry offgrroneo?s-explanation in first gradé; while arbitrary
explanation predominated in second grade.. Using the"séhe procedure with mentally:
u;etarded children Pnd gdolesceﬁtq, Antonak aﬁd'Roberge.(1978) found p;tterned
expmanatibns, structdral defects, and verbal deficitg_the predominant errors
made with MP, MT, and,AC argumenﬁ forms. Patternca explanatlons were ﬁost
prominent with MP, verbal def;q;ts with AC, 7nd structural defects with MI.
Finally, both studies founa,a lack of corresﬁondence bétwée@ c v ectness of
reasoning responses, and correctness_of the verbal explrnation for the responses.
_The present study explored the patterns of verbal-grrors in explanatioﬂ
among Dﬁtch children and adolescents. All previous worx cited was compiled
on English-speaking children. If similar pattevns of verbal explanations are
found across ages; it would be convincing evidence of underlying processes not

subject to language or cultural effects as P;aget (1953) has claimed.

Methods

Subjects were first, ‘aird, fifth, and seventh graders (first year.

.
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cecondar§ schonl) dcscribed in the subjects section earlier.
For this anslysis;gsubjects' responses-tc the items on Form CA fcr
which the four argument tynes appeared in the form shOwn in Table 7 were
used. Since each item was repeated in four wa&s, every child responded to a .
total of 16 items. Further, to investigate the first hypothesis, the Kodroff-

Roberge scoring system was used to classify responses. | . -

e .
o

Results
The means and standard deviations of correctness of judgments for each

v o«

of the argument forms are shown in Table 7. It can be seen that most first -
graders.zpuld respond correctly to MP items, but that this high level of
perfcrmance,apparently reduced in later years. It should also be. noted that )
on DA and AC, the youngest children performed substahtially below the chsnce _
'levcl,ﬁhich would suggest a performance avarage of'1.33 correct strictly by
chance (there were three. choiccs for cach of the fcur'presentstions of‘the
arguments). The third and fifth gradeirs perfernance approximated this chance
level for DA and AC, while the oldest childien reached a level substantially
above chance. . Further, the performance of the-oldest_subjects was more similarl‘}
for the four arguments than was true for younger children. , |
These patterns were further investigated with the Kodroff- Roberge scoring
system as modified for the present studies. The frequencies of categories of.
‘explanstibns tabulated by grade and argument form are shown in Table 8. As
noted in earlier studies (Antcnak & Roberge, 1978; Kodroff & Rohcrge,.197§),
there was a widespread tendency to giue faulty verbal explanations.despite -
judging the argument:corrently. There was greater tendency toward verbal
deficité (VD) in first graders than any other group. hrbitrary explanation (AE)
were the most prominent kind of erroneous verbal explanation used by first
graders, and to,lesser degrees, third and fifth graders. The seventh graders
tended to give proportionately greater structural deficits (SD).: However, good

L . R 4

\ 4
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- Table 7
Meané,and standard deviations of subjects'
responses to four argument forms (40 is

perfect score)

No

k2
Arguméht form .
. . ‘\
MP MT " AC DA
2 P)Q P)Q ' P)Q Py Q
Grade P Q Q P
0.0 Q ‘ -.l P ..9 P .. Q )
X 3.67 3.00. .33 .58
* 8D .65 1.41 1.16 1.24
n§12
X 2.25 2.33 1.33 2.00
sD 1.42 1.45 | 1.56 1n
pn=12 - :
X * 3+08 2,75 1.17 1.33 -
SD 1.31 1.42 1.47 1.75
n=12 .
X .22 | “2.72 2,33 2.78
SD 1.11 , 1.45 1.53 1.52
‘n=18 . '
Correct responsé Yes | Maybe Maybe'
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- USSR e U Uy VS O,

Frequencies of Categories of Verbal E#pldnatioﬁs for rcasoning
responses (Frequency oi correct responses in patentheses)?
Verbal Explanation Categoryb
Gradle  Argument Form ° VD  MD A~ SD SR PE  GL
| MP 4(3) 1)  25(23) 1(1) 0(0)  0(0)  17(16) °
; MT ~ 2(1) 0(0)  33(22) 6(6) 0(0)  0(0) 7(7)
(n=}i2) AC - " L0 00 27() 17(D 0(0)  0(0) ' 3(2)
DA 4(2)  0(0) 30(2) ' 9(1) 0¢0) 0(0) 5(2)
Total : 11¢6)  141) 115(48) 33(9) 0(0) 0(0) 32(27)
MP . 2(2) 3(0) 29(12) 3(2) 0(0) 0¢(0)  10(10)
3 MT | 1(1) 0¢0)  29(13) 5(2) 0(0) 0(0)  13(12)
(n=12) . AC - . 0(0)  0¢0)  17(3) 13(1) 0(0) 0(0) 18(12)
DA 0¢(0)  0(0) 13(5) 12(2) 0(0) 0€0)  -21(17) .
Total 303) 300 £8(33) 33(7) 0(0)  0(0) 62(51)
MP 0(0) 0(0) 20(12) 4(4) "0(0)  1Q1) 23(19)
.5 MT 0(0) 0(0) 18(7) 10(6) 2(2) ~ 0(0) 18(18)
(n =12) AC 0(0)  0(0)  19(4) 15(0) 1(0)  0(0)  13(10) -
DA O 0(0) . 0(0)  '17(5) 17(5) 2(0) -0(0)  12(6)
/ .
Total - 0(0) 0¢0) . 74(28) ¢5(15) 5(2) = 1(1) 66(53)
MP ©0(0) - 0(0)  12(¢3) 3(5) 0(0) 0(0)  51(50)
] MT 0€0)  0¢0)  15(1) 12(3) 0(0) ~ 1(1)  &44(44)
(n=18) AC 0(0) le) 8(2) 22(2) 0¢0) ° 1(0) 40(37)
PA L 00)  2() 33 (14 0(0)  1(0)  36(32)
Total 0(0) /! 3(2)  38(9) :.{24) 0(0) 3(1) 171(163)
a

The "other" category yas omitted from the table because less than
12 of the total responses fall into this category

VD{Verbal dgftrtts), MD(Memory'Deficits), AE(arbitrary explanations),
SL(Structural deficits), CR(Conditlonal reasoning), PE(Patterned
Explanations), GL (Good logic).
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logic (CL) was the major category of response among the oldest group.

Discuesion

Generafly, the kind of erroneous verbal explanation children gave
when descfibing their recasons for 1ogicaf judgments appeared.more related to
the age than to the form of the logical ergument or syllogism. Older children
in ﬂhe sample (about 13 years old) .gave more good logic explanations,:but
when'thej gave erroneous explanations, their preference was for structural
deficits (SD). When corrected for nunber of students in the sample, the
structural deficit kind of error did not seem to be reduced very much by ag-,
however. Thae‘is,‘according to the definition of structural deficits, the
child seemed aware of the etructute.of'eonditional reasoning but did not describe

conditional reasoning adequately in the explanation. This'suggesLs that there
may be a tendency to explain reasoning with some deficits regardless of age, ‘
even wheu reasoning co:gectly, Further, it would seem that the improved good
iogic explanations among the older children may'be due to a reduced- tendency
to use explanations that can be characterized as verbal deficits and arbitrary

explanations.

Clearly MP was the easiest argument to deal with. However, it is interesting

. to note that the MP and MT items seemed more difficult for older childien. There

may be two concerns operating here. The first is a cieling effeeﬁ: Since there
were only four items presented in each form, the maximum score was reached by
most children,.and older groups, could only do equally welllor worse. But this
does not explain the large variation between 3.67 and 2.25 found for the first
and third graders, respectively. The second concern is directed more toward
explanation of this differcnce. Spccifically, data in Table 8 reflect a
reduction in Verbal deficits and arbitrary explanations between first and .
third grade. 1If verbal explanations are taken 2s reflecting the underlying
thoaght processes, then it would seem that more mature thought would rcquire more
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conslderavion in responding. The matured thought process might make the
easier questions more difficult, and the more difficult ones easier. Indeed,
there seems to be a constant increase inh good logic (GL) responses over the
yéars relaZive to erroneous or‘faulty explanations. Further, there is a
reduction in the ratio of .correct judgments of the.fruth of the arguments to
erroneous explanations, supporting the contention that more complex thi;king'
was going on’in‘the older subjects. |

Past reséatch 6f.this type was d9ne only with English-speaking Ehildrén
in the United States (Antonak & Roberge, 1978;.Kodroff-& Roberge,'1975). This
study was different from the e#rlicr ones.in three wvays, First, it was done
| with Dutch-speaking children in Holland. Second, more argument forms were used;
and third, fhe age.ranga was greater in_the present study. With ‘these differences
in mind, it can be noted that the present study did not find thae prominence of
verbal deficits and patterued explanations reported :in the earlier studies.
Further, there was not a great degree of differencc écross argumenté}in‘tﬁe kind
of‘;erbal explanation provided. Thus, neitherlage nor argument form provides a
satisfactory explanation fér the differences in the present study and the others.
Therefore, the pative 1anguage‘of thé children may be suspected of causing the
differences in verbal explanation. I; would not b;\gt all surprising if the
kind of verbal errors displayed in a task are depende;f\upon the language one.
sbeaks. This'finding should be explored further with children who speak other
languages. |

-~

A final comment before leaving discussion of the data in this first study
concerns the interpretation of children's verbal explanations. It is difficult
to séy how much of this depends upon the verbal fluency and skill éf the cHiid,
and.how much it depends upon his or her reasoning skill. To some extent, this

question was addressed in the previous paragraph. However, the nature of the.

reasoning processes involved in answering "Rlopt dat?" may be diffevent from
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those involved in answering ''Waarom zeg je dat?" Some suggestion that these
processes are different can be found in the high number of correct judgments'
that were explained errbneously, especially with younger children. Again,

this seems to be fertile area for research.




Study 2- |

Hypothesis: Class inclusion will be rclated to correct judgment of the
truth of logical arguments containing material implication,

Introduction

The relationship between class incluéion and the iogic of implication has ;
been inferred in the literature for somé time (Brainerd, 1978; Ennis, 1975;
Knifong, '1974). Basically; this relationship.suégests that childrgn must be
- able to recognize'sﬁperordinate and subordinate relationships before mature
1dp11cation can be demonstrated. In the typical élaég inclusion (CI) problem
described by Piaget (1953), a class of objects or elements A, énd another'é;, are

tv,

combined to form a larger class B. Thus,
Asal=3

The Child.is‘presented the elemcnts ofJA,.é}, apd;g, and asked if there are

more A or I.  For example, B could éymbolize a set of objects called all wooden
beads, A would be "blue,_wooden beads," and A1 ﬁould be "wooden beads that are
not blue." It can easil& be seen tyatxg‘can be added togf_1 to gég‘g. Although
a child of five to seven years of age can typlcally say this reiationship, it"is
not until later that the child becomes‘able to recognize that:~

A<B,

and B- Al aa,

Thus, the child is described by Piaget (1952, 1953; Inhelder & Piaget, 1958) as
" finding it difficult to think about part-vwhole relationships. Therefore, prior
to being able to deal with ﬁhese relationships, it would be'probable that after
presentihg.a child with an array of objects, say beads as described above, the
child would not be ahle to consistently say tﬁat‘the woodén beads outnumber the
blue wooden\becads, This has been-esfablishcd in a number of.empirical studies *
that have been reviewed elsewhére'(e.g., Br;inerd, 1978, 1379; Dodwell, 1962;
Judd & Mervis, 1979; Kulin, }47?; Wilkinson, 1976). Some researchers have

gpecifically found resultsS§uggcsting a compatibility of class inclusion skill
45
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and‘implication reasoning (Elkind, Anagnhostopoulou, Malone, 1970; Falmagne, 1975;
Kuhn, 1977). Others have shown that the cl?sé»inclusion problem is actually
a compli;ated task involving a number of different skills and that it can be
solved with ordering or transitive algorithms without actually recognizing all
the features of mature implication (Trabasso, et. al., 1978; Traﬁasso,'Riley,
| & Wiléon, 1975). | Lo ’ T *
As has been discussed by Ennis (1973)_the logic of implicétion; and that
of cllas's inclﬁsion imply the 1deﬁtical pr_opositions: Pdq, P q, ; q, not -(p'—c_i'). |
On the basis of this and the research, therefoge,_o#e would expect the psychological
processes involved in'respondidg to "are there more (A) or (B)? to be similar k
to responding to a question about a conditional argument such as: "If all (A)s
are (B)'s, and this is 'an (A),Ithen does it foiloW‘tha; it is a (B)?" which

containg the "A implies B" implicatioi. The present study explored the class

inclusion aspects of such implication reasoning.

Method

Subjects, The 45 subjects who participated in the Study were'Dutch'childién
in kindergarten, second, fourth and sixth grades wl.o had responded to Form>Pw. )
fhere was.one>ﬁore‘girl in the sampie than there were boys. Average ages were!

" 5.9 years (Kleuter), 8 5 (secdnd), 9.7 (fourth), and 12.3 (sixth)l. The‘upper
two age levels from the PW saﬁple was not used because those children almost
always respdnded correctlf to the class‘inclusiou question producing very little

‘" variance to study at the older ages.

Materials. As described earlier, using form PW, each of thc four argument
types, MP, MI, DA, and AC, weie presented four timgs. The conditional arguments i
were‘not only read to each child, but were demonstrated using pictures, or toy

- animals or blécks. All oi the items.were about the blocks (i.e. "If all blocks
are wood, and this is a block (oneiis shown separate from the -group), then it is

A

wood.") The child responded YES, NO, or MAYBE. In addition, each major premise °
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was administgrcd separately from the whole argumené, (half of the time this
was done before the full argument.quugiven, and half the time afterWards),
and the class inclusion question: was asked. An example of the procedure.is
as follows: The child is first told "All dog# are aminéls." He or she would

then be asked the class-inclusion question "Are there more dogs than animals?"

" Procedures. The subjects_were given three practice items as discussed
earlier in the section describing Form.Pw in detail. Following this the four

part interview was administered, recorded, transcribed and_scored'using.methods

already discussed in this report. ‘Then the number of”correct.responses to the

four argument forms was correlated to the number of correct responses on the -

class inclusion questions.

Results
Tables 9 and 10 show the means,vstaudéra.deviétions and correlations between

' reasoning scores and class inclusion scores for each grade level" For the

kindergarten and sixth gradéré, there were no statisticaliy significant coffélan

tions found. However, the moderate relationship between class inclusion score

and MP score was éiénificant (p£.05) at the fourth grade'levél, and the rathér

eubéta;tial'correlations between class inclusion and DA, AC, and total scores

at the éecond grade level were significant Q><,001).; Further,‘it can be seen

in Table 9 that total reasoning score improved at each successive age icvel.

This systematic improvement with age seemed to be due to consistent increases

in scores on DA and AC, réther than'tﬁé less cons;stent pattern found for MP

and MI across age levels.
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Table 9

Means and standard deviations of scores on each argument,

total reasoning scores, and class inclusion

Grade . Class Argument Re;zg:ing
Inclusion lMP MT DA AC :
‘ X * 18.80 3.90 2.70 .20 .10 6.90
-§P- N 18097 - ’ 1060 2.06 063 0‘32 2-08 )
(n = 10) - Lo » -
X - - 31.64 5.00  3.36 .73 - 1.09 | 10.18
2 . . - ' :
SD 28.91 . 1.00 1.29  * 1.27 . 1.70 | 4.14
(n = 11) : ' |
X 26.92 4.83  4.92  1.08  1.75 | 12.58. .
(n = 12) ’ . '
)
X 27,75 5.25  3.50 1.75 ~ 2.50 | 13.00
6 ) . . .
(n = 12) '




Table 10
Correlations of reasonihg scores on each argument and total
reasoning score with class inclusion (CI) scores for
each grade level .
Correlations of reasoning scores with CI
. Group MP- - .MT DA AC  Total
'Kindergarten 116 A8 0 a1 a1 -.01
Second .39 44 .89%% 83k .85%%
Fourth - .60 05 =29 =.30 -.09
Si}:'th ' 055 ' 036 025 012 ) 036
* pd .05
** p{ .001
.
N
[
ot .
R ,,". 9‘_'._)::!
Ty ~
)",‘ ‘l’l




Discussion . ' \\\

\

In regard to the original hypothesis that responses tu the c¢lass inclusion
.

question should correlate with responses to arguments containing conditional

implication, the rcsults seem mixed at first glance. On the one hand, \class

(MP)'in_the fourth grade group, and three in the second grade group (DA, AC,
'-total). On the other hand, a closer look at the descriptive statistics in
Table 9 suggests that the results may reflect a greater relationship between

the CI response and reasoning scores than the correlations along suggest. For

example, the CI responses in hindergarten appeared to be a little better than
chance (on the basis of two choices, and 32 items) The large standard deviation
of CI in the kindergarten sample further supports the supposition that many of »

{

those children responded randomly.

Looking at the oldest group, another kind of problem appeared with regard to
interpreting the correlations.’ Specifically, the relatively high scores and
small standard dev.ations for CI in fourth and siﬁth grades'suggested attenuation
of the CI scores at those levels. This would have the effect of depressing the‘
correlation coefficients. Thns,.since students tend to_do weil on CI above
4th grade, ;he relationship‘between CI and reasoniné cannot be explored at
those levels using the instrSnentation of the present study.

| Considering the statistical characteristics of the data, it does secm that
correctness of response to the class inciusion question is related to correct-
ness of reasoning. ' This conciusion is made based on the omission of data from
grade six and kindergarten due to attenuation and random responding, respectively.
“Therefore, the data which seem most useful to this hypothesis are those of the

middle two grades at which four out of ten correlations were positive and

statistical]y significant as proposed in the hypothesis.




49
k.
The present research suggésts some recommendations for studying the

relationship between implication reasoning and class inclusion. " First, the
_ability to-handle'clpés inclusion questions seems to be emerging at about
eight years of age. This is ﬁo; very different from what was suggested by
- other reseérchers (e.g.,“Dodwell,_196I, 1962; Inheider & Pilaget, 1958; Piage;,
©1953). Aithough it has been shown that younger-children can be taught to.

e . . :

answer class inclusion questions correctly (e.g., Trabasso, et. al., 1978),

~ their level of u;derétanding offclass inclusion has not been demgnstrated as

equal to older childrenlwho"énswer Cl queétibns corréctly. Thefefore, children

of fiﬁe yea!g old-br kindeféaxtcn age are ;:obabiy too young for a meaningful
study'gf:clas; inclusion. Second, the presunt studyfdid not investigate the ’
rangé of tasks usuclly considéred to represent class iqclusion 5Brainerd, 1979;
Inhelder & Piaget, 1958; Klahr & Wallace, 1572; Trabasso, et. al, 1978). A

. future study of class inclusion and implication reasoning shouid use a greater
fange of class inclusion taské, Not only would such a range of tasks provide

-

a more complete assessment of clags inclusion, but also might provide enough
. . 1 :

range of response to reduce the problem of_atlenuétion of the CI variable that
was found in the present study,

. In concluéion, the present study provided eviden;e thathlass.inélusion'

&is related‘to conditional.implication reasoning.v From the data itlappcared that
thé\youngest children (about' five years of age) were responding to thé I question :
randbm;y,.while the oldest_oﬁes (about 12 yéars old) tended to respond to %&
correctly. Fufther, the CI performance seemed to be someﬁhat in transition and
related Lo reasoning at the second and fourth grade level. Finally, improvement
in.total reasoning seemed to be most related to impor&ement in reasoning with
invalid arguments requiring the MAYBE response (A and AC), a finding which
cérresponds to earlitr research with English-speaking éubjeccs (e.g., Hadar, 1975,

Roberge, 1970).
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'Study 3-.

llypothesis: There will be an inverse relationship between
response time and correctness of reasoning which reduces
- as children become adolescents.

A}

A considerable body of knowledge has been developed regarding the difficulty-
of the four logical arguments MP, MI, DA, and.AC for children and‘adults. Roberge
(1970) reported that the invalid principles of affirmation of the consequent (AC)’
and denial of the,antecedent (DA) were more difficult than the valid modus ponens
(MP) and modus tollens (M) . Research by Hadar (1975) with elementary school
children and O‘Brien (1973) with high school subjects, have reported the following
order ofldifficulty o , | _ " s

| MP(MT(DA(AC.., . T

In other research Roberge (1970), Roberge 9nd Mason (1978) and Mason, Bramble

. and Mast (1975) found the following slightly different ordeanith small differences

between difficulty of DA and AC:

A

MP¢ MT {AC {DA

usings fourth throogh'tenth graders as,subjects.

//..

Roberge (1971) added a fifth principle, transivity-'//(TR) to his study of

diffi'blty of conditional reasoning in college students, (the transivity argument
form is: P3 Q, Q®R, PIR) and found ‘the following unique pattern of difficulties

"

among the adult subjects:
| | MP ¢ TR(DA(A_t)(M’l‘
Although there_was no explanation for the unusoel difficulty of the MT form in
this study, Roberge noted that many subjects-tended-to resoond that the argument
was neither valid nor invalid. Excepting this one etudy, according to most

research, the easiest argument to recognize as true seems to be MP, followed

closely by MT. Affirmation of the cousequent and denil.l of the antecedent seem .

\




about equullyldifficult,,but more difficult than the other two.

&

“he present research was unde:rtaken to explore the use of responsc time °
A | . .

as a measure of response difficulty on judging logical arguments. Response

 time would seem to be an appropriate measure of task difficulty from psycho= '

L] tr

" logical information processing. . The ratioqale‘for-this point-bf view doui& be "
that mgre difficulc problems'require Qore steps for locating solutions. nIf a
protiem is easy“to.ansubjéct; #he so%utioﬁ should -require fewe; steps (Homé,
1973; Newell "&:fSimon, '1972; Wohlwill, 1962). Respoﬁse time, and a~closely
related variﬁble; reaction time, are among the earligst variables studied by~
psycﬁologists and thése interested in megtgl procesces (e.g., bohders, 1869 .
éited in W. 6, Koster, 1969). Although there hagc been considerabié research
done on tﬂc time one takes to respond to different kinds of tasks, relatively
little has beuan dirécted’toﬁard Judging of logical arguments. Al- '
though Revlin and Leirer (1978) have argued that incrcased time will allow ‘more
task'scanning;‘and Huttenlocher (1968) has given evidence‘of difficulty of )
judging a premise in a transitive ordefing task and time required in'respondiné,
l4ttle has been done regarding the_relatidnship between argument difficulty, §nd.v
respanse time. The present study explored this with respect t; reasoniﬁg with
conditd¥8nal syllogisms whose reiative difficulty had been established in
research'diécussed previously. Specificaliy; the study was conductedvto determine

whether the fesponse laténcy for MP, ML, DA, and AC argument forms would match

““ the order of diffiéultylreportéd,in earlier studies.

Metg;ds

Subjects, Fifty-four Dutch stnaents' ;eéponses to the Form CA were used
in the pregent study. The students were from the first, third, an& fifth grades
and first year of secondary school. Their cﬁaracteristics were described in

an earlier seccion of this paper.

33
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Materials. The childfen were administered the Form CA intervicw in the

manner discussed earlier. Since the present study was only concerned with the
. : ,
four arguments in thcir most common form, only the 16 items that were in the

¢

form shown in Table 7 were used in the.present stuny;

Procedures. Data were collected as described ‘earlier. Students‘were

given one point for each correct response, and scores for each argument were

sumed . ' \ . ° . - G . ’ .

. " Regults ' \ L

L

Table 11 shows the means of time and reasoning score (average total number

of corroct items). As can e seen from tﬁe table, the average scorss sﬁggest
patterns of difficulty descrlbed earlicr in other studies. However, the time
/stgres did not follow such a pattern. Cerelstions between time and score at
each grade leve% for the for argument forms produccd-only three statistically °
'signifidhnt correlations among the total ?f sixteen passible. The MI form o
produced a s%gnificantfcprreiation (P'(.OS)?fdr third grade (~.50), and fifth
i . ; grade (-.63,. MT haé a significant cOrrslation at the secondary school level

(-.43) (p(.OS‘) In short, for these significant cortelations'thc-, shorter the

saverage response time, the higher\the reasoning score as expected. However,

- t
.

“the relationshig,does not appear to be substantial. Further, the total score e

. A/

obtained by summing performance across arguments was not significant]y correlatcd

to total ;\Pe at any grade level. . .

. Conclusions ' - .

~

There scemed to be no systematic significant;torrelatiqns‘between reasoning
gcores and,rsspopse time. Hovever, this lsck of ‘product-moment correlation should .
not be taken to mean lacK of some kind of consistcnt.relarionship. .Figurell
shows the grapns of responses to the four argument forns with the corresponding

times across the four age groups of the present study. There appcars to be a
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able 1 | B

Scores and response times on\ four conditional argument forms

Argument Forms

Grade . M o oMT . DA ' AC
© 3core Time® Score Time Score Time Score Time
X .3.66  9.60 2.66 12.49 .58 12,50 .33 9.38
1 sp .65 4.18 1.50  4.06 . 1.24 3.75 115 3.19
(n=12)
X . 225  12.08 2.33 13.76  2.00 13.89 1.33° 9.68
3 sp 1.42 833 - 1.44 7,90 170 810  1.56 3.12
" (n=12) . "
X 3.08  12.02 2.75 12.09  1.33 12.93 1.67 9.16 -
. 5 8D 1.31  8.68 1,42  4.92 1.78 8.66 , 1.47 3.11
(n=12) | . - / |
first _
year X 3.22  9.69 2,72 12.76 2.33 13.02 2.77  9.16
secondary | s .
| sb 111 471 1.45  4.92 1.53  6.79 . 1.52  3.57
\ (n=18)
\
\ -
® Time s indicated in seconds. B ‘ /
o
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Fﬂgure 1. Response times and reasoning scores for the four arguments
‘_.‘ . . ° i ' \‘

\f plotted against age. \\\.
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fairly consistent tendency for the younger and older groups to responddyqlatIVCif
quickly. On two arguments, MP and MT, the more rapid response times are associated
with higher scores, and the siower response times with lower scores. However,
for DA, the elcmenﬁary grade pattern éeems to suggest that when children took
f more time, theyhtended to give mofe c&rrec; answers. -But the secondary students
.performed best on these items although théy had éhért response times.

All this seems to suggest that there are relationships between arpuments
and response times but that ﬁhey are complex. Therefore, referring to theAqg;ginal
Jhypothesis, response time seems to be inadequate as an indicétor'of difficulﬁé;
Further, results of the presént énalysis-suggest thaﬁ ihbestigation of the

strategies or processes underlying the correct responses might explain the

complex relationships observed between response time and reasoning scores.




Study 4

Hypothesis: The class meaning of a logical argument as reflected by
subjects' explarnations of their reasoning will correspond to_the
four components of material implication (prq, p*q, prq»~(p*q).

Introduction

It has been recognized that behavior that is oﬁserVed may be the result
of different internal processes, aﬁd that‘descxibing observable behavior does
not necessarily describe the thoughts that occured wiph the behavior (DeCorte;
1977) . Numerous attempts have been made to explore the thoughts behind the
logical behavior of children and adﬁlts. Most attenéion has‘Boen focused on
btocesses underlying erroneous reasoning. TFor example, Helsabeck (1975)
suggested that a cauge of faulty reasoning was a tendency to overlook alter-
‘natives in choosing or judging a conclusion, Yet, Ceraso and Provitera'(19712.
argued‘thﬁt feulty undarstanding of prumisces can produce erroneous reasouing.

Rescarchers have questioned‘thc existence of Pinget's 16 binary'opcraLiohs
in mature reasoning. For example, the 16 binary-’operatlions have not been easy
to dem;nstrate (Bynam, Thomas, & Weitz, 1972; Roberge & Flexer, 1979(a); Weitz,
Bynam, &AThomas;:i973). Kuhn (1977) has reported evidence supporting the four.
components of imﬁlication7that are évailable to the formal operationg thinke;
from the 16 binary.bropositions (peq, peq, peq, N(bofﬁ). llowever, the last y
.component, the denial of nou-implication, could not be supported by van Duyne
(1974). Further, it has been suggested that transductive recasoning, in which
the implication connection is understood as "and" (i.c. p+ g rather than p> q),
is used by young children to.prgvide correct judgments in some forms of pro-
positional logic (Knifong, 1974). As Kuhn (1977) suggested,la child using
transductive reasoning would not understand conditional or causal relationships
between elements of propositions. |,

-The objections to Piaget'g logic of material implication raised by Ennis

(1975) and others was discussed earlier in thls veport. Cnnis' criticisms deal
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mere with the iogic of Plaget than with the thinking proccsses underlying
rcasoning behavior, For example, Ennis objected to'Piagct‘s unclear use of
thé "v"' symbol to variously mean "and," "or," "and/or," the possibility under
"
Piaget's system of the existence of something hoth (p). and (not p), Howe&er.
such incons;stencies may be'possible in thought even if they are not possible
s
in reality. |
" Smedslund (1977) has taken the position that 1ogical oﬁérations do not
exlst as Piaget has suggested. He based this.assertioh on the obserﬁations
that children behave differently when faced with a change in the content of a
task having the same logical structure, that people do not seem to ordinariiy\ .
behave abstractly, and that the direct eyidénce for logical is scant. Smedslund
argued that the researcher in psychology usually pursues a person's undérstanding;
but in the Plaget system, one assumes understanding and pursue$ the logic fostered
by the undetstanding. Accdrding‘to Smcdslﬁﬁd, there is a circqlarity between
understanding and logical performance that is difficult to untangle. Staudenmayer
I(l975)-suggested'that interpretation of premises in logical arguments is an
inductive process, and that when individuals do not séem to reason according
to formal logic, they may be behaving logically according to their understanding
'pf the prgmises. Further, Haipern (1965) discussed a perceptual dependence in
logical thinking tﬁat is more prominent in children 5-7(years\bld. During
this period, according to Halpern, a perceptual depcendence could.hindcr the
child from correctly judging a logical argument by focusing understanding of.

A\

the premises in terms of irrelevant (or less than salient) observable traits

,

of the elements in the premises\ .
Thus, while researchers have generally recognized the role of understanding
of the premises in logical reasoning, there has not been much closure on how

unéerstanding is determined,for what influences ft. The present study was

designed tou explore a child's understanding of the premises in logical arguments




through their explanatious of their judgments of the validity of their
arguments. i

Method

Subjects: Thr students in the.firs;,'third, and fifth grades, apd the first.

\

.year of secondary school that.were described in an earlier section of this
' report served as subjects in the present study. | |
, Na;erials: Form CA respoﬁas to.thc 16 items for which the conclusion was not
. negated were scored by the three Dutch graduate students in developméntal .
psychology wio had collected the data.
Procedure: Scoring procedures and criteria for the C-L scoring system that

werce described earlier were used in the Present study. After the scoring was

completed, scores were trausferred to computer cards for analysis.

Results S - /
Tables 12 and 13 show the frequency and proportions og/the categories of -
class and logical scoring systems for each grade. It is i%mediately apparent
that the children s explanations covered a variety of both class and propositional
' éategorie«;. However, the G'E int:erpret:at:ion seemed to occur somewhat more
often than most other class categories. Further, the most frquently used _
cléss relat_ionships category had r<Q paired witl' This pair was represented q;
between 16 and 23 percent of the time until gth grade. In the first year 2
secondary school students, it appeared much moré frequently than that (42%).
This category would seem to represent the most complete understanding of the
class relatibnships underlying material iﬁplication,‘and it is noteworthy
that the secondary school children used this category about twice as frequently
as the younger children. |
A similarly dispersed pattern of categ;ries of propositions was found by
classifying explanations using .uc logical system. As can be seén in Tsable 13,

PeQ was general}y.used in about 10 to 1% percent at all age levels, and P«Q,

cme s mms s e memsem i - .o 8 - Ehee.
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Response categories for all arguments combined-

for class scoring system (proportions in parenthesis)a '

Grade (n=18)
Response (n=12) (n=12) (n=12) - First year
Categoryb One Three Five secondary
No Response 30 (.16) 18 (.09) 5 (.03) 4 (.01)
1. PzQ 1 (.01) 3 (.02) 3¢02) | 1 (.00
2. P>Q | ' 2 (.01) 2 (.01) 0 0
3. P4Q ~ 0 1 (.01) 1 (.01) 1 (.00)
4 O ®@ 7004y | 302y | 302 0 |
5. @ B 20 (.10) 19 (.10) 15 (.08) 27 (.09)
6. BLQ 31 (.16) | 45 (.23) 39 (.20) | 36 (.13)
. @D 16 (.08) 1 (.01) 20 (.10) - 21 (.07)
8. P Q 0 2 (.01) 0 2 (.00)
9. P=Q, € 0 32 (.17) 18 (.09) 24 (.13) 24 (.08)
10. r¢0,® © 31 (.16) 36 (.19) 4 (.23) | 120 (.42)
11. p>Q,(@ | 7:¢.04) 23 (.12) 22 (.11) 15 (.05)
12. ® @’ 1 2 (.01) .5 (.03) 4 (.02) - 13 (.05)
13. 220, @ @G® O 1 (.01) 6 (.03) 3 (.02) 12 (.04)
4., P4, @ @ @ {o 1 (.01) 0 1 (.00)
15. P<Q, 0 0 3 (.02) 0
16. ZIOE o 0 1 (.01) 1 (.01) 0
17. P=Q, PeQ, @) 2 (.01) 0 2 . 0
18. P>Q, P 3 (.02) 1 (.01) 0 2 (.00)
19. other 0 1 (.01) 0 1 (.00)
20. =0, @@ QO 3 (.02) 0 | 0 0
21. p=q, € QEIOD 3 (.02) 2 (.01) 0 / 5 (.02)
22, P>Q, 1 (.01) 3 (.02) 2 (.01) 3 (.01)
23. Q@ P {o 1 (.01) 1 (.01) 0
N\ Total 192 192 ° 192 - 288
a Proportionsﬁnpunded to nearestlonewhundéedth '\, .

b Categories 9 = 23 are combinations of the first eight, '
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. " Propositional logic categories of exp%anations
~__for reasoning on MP, MI', AC, DA’

b Categories 9 - 27 are combinations of the first eight,

62

b ‘Grade _ _
Class logic One Three Five Eerste -
category (n=12) (n=12) (n=12) (n=18)
No'Respouse 24 (.13) | 16 (.08) 2 (.01) 7 (.02)
1, P 5.03) -0 0. 1 (.00)
2. Q 2 (.01) 1 (.01) 1 (.01) 0o
3, P 1 (.01) 1 (.01) 1 (.01) 1 (.00)
4, Q 5 (.03) 9 (.05) 2 (.01) 0
5, PeQ 20 (.10) 28 (.15) 20 (.10) 34 (.12)
6, P+Q 24 (.13) 31 (.16) 40 (.21) 44 (.15) .
7. PQ 22 (.11) |2 (.01) 25 (.13) 22 (.08)
g, (P-Q) 2 (.01) L1 01 0 1 (.00)
.9, N(P-Q) 0 41 (.01) 0 0
1u, P+Q, P-Q 35 (.18) | 16 (.08) 26 (.14) 31 (.11)
11, P+Q, P-Q 26 (.14) | 42 (.22) | 36 (.19) 106 (.37)
12, P+Q, (P+Q) . 7 (.04) 21 (.11). 12 (.06) 12 (.04)
13. P+Q,~ (P-Q) 9 (.05) .| ' 1¢.01) 7 (.04) 6 (.02) .
1. P.Q, P-Q, P:Q 0 13 (.02) 3 (. 02) 11 (.04)
15. P-Q, P-Q, P-Q,~(F-Q) - 0 4 (.02) 0 3 (.01)
16. P.Q, P-Q, 7Q, (P+Q) 0 5 (.03) 8 (.04) 1-(.00)
‘17, P.Q, P-Q, (P-Q) 0 ) 6 (.03) * 1 (.00)
18, P+Q, P-Q, (PeQ)" 2 (.01) 2 (.01) 0 0
19. P, p | 3(.02) 0 "o 1 (.00)
20, P.Q, P-Q, ~(P-Q) 3 (.02) o 0 4 (.01)
21, P.Q, P-Q,~(r-Q) - 1 (.01) 0, 0 0 _
22. P-Q, P-Q 0 6 (.03) 2 (.01) 1 (.00)
23. 7., (P-Q) 0 1 ¢.01) 0 0
24, P.Q, P.Q, P-Q, (P+Q) 0 1 (,01) 0 0
25. Q, Q 1 (.01) 0 0 0
26, P-Q, P*Q 0 0o 1 (.01) - 0
27. Beq, £Q, ~ (P+Q) 0 o 0 1 (.00)
. E— \
Total 192 192 \\, 192 288
a Proportions rounded to nearest onevhundredth, ‘, <




. | e
P Q was generally usoci in 8 to 1_8 percent at all age levels. The same was
true of P Q, 'fo'(')- at the first, third, and fifth grade levels, but fgr ‘thi‘s
category at the secondary level, the proport! on"df responses nearly déublcd.
The variation in C-L response caﬁegories across the four arghnient f(?s
\ is shown in Tables 14 :;md 15. wlith the class scoring system, between a'tf\ird
\ and a quarter used the most complete kihd.of response (rl Q,@. ;rl)ere did
not seem tb be,\;cry much differen‘::e in the kinds of categories of explanation
given for'responses to the four argument forms with either the class or the

logical scorinp, About a third to. a quarter provided the most frequently givén

category of response on the logical proposition scoring form, P* Q, 3o.6.

N
(P




~ Table 14 62

Response categorics on the Class scoring system for

C rach argument (proportions: in parenthescs)

Argument Form .

Category’ - MP MT AC DA TOTAL
No Response 14 (.06) |28 (.08) | 16 (.07) 9 (.04) | 57 (.07
.. P=Q | 3 (.01) 1 (.00) 0 4 (.02) 8 (.01)
- P>Q o 2 (.01) 0 2 (.01) 0 A 4 ooy
. PeQ ) oo~ o 100 [ 2¢o01) | 300
. 0Q . 5(02) | 2(O1) | 4(02) | 201 | 13 (.02)
. €D , 13 (.06) |25 (.12) | 17 (.08) | 26 (.12) | 81 (.o9)
ENQD) - | 38 (.18) 62 (.29) 42 (.19) 9 (:04)- 151 (.17)
| 16°(.07) |16 (.07) | 17 (.08) 9 (.04) 58 (.07)
. @D | : 0 . 0 s 2 (.01) 2 (.01) 4 (.00)
. p=q, & Q) | | 28 (.13) |18 ¢.08) | 24 (.11) 28 (.13) 98 (.11)
r¢ 0, & | 70 (.32) |52 (.24) | 56 (.26) | 53 (.25) 231 (.27)
. PrQ,@ P 11 (.05) | 8 (.04) 15 (.07) 33 (.15) | 67 (.08) -
. 0® Qe 6 (.03) | 1 (.00) 8 (.04) 9 (.04) 24 (.03)
. P, O@O 4 (.02) | 8 (.04) 2 (.01) 8 (.04) 22 (.03)
. QO @G D o 0 0 | 2 (.01) 2 (.00)
.. DL Q,@@) 0 0 1 (.00) 2 (.01) 3 (.00) ¥
. @ 1 (.00) - | 1 (.00) o ! 2 (.00)
. Pzq, PeQ, COE O 0 .1 ¢.00) | 1 (.00) 42 o 4 (.00)
. PyQ,CJQ 1 (.00) 0 2 (.01) 3 (.01) 6 (.01)
P20, @@ O 0 0 1 (.00) 1 (.00} 2 (.00)
. P, QG 0 1 (.00) 1 (.00) 1 (.00) 3 (.00)
. 2@ . 201 | 0 M 3 (.01 5 (.02) 10 (.01)
: @3@ 2 (.01) | 2 (.01) 0 5 (.02) 9 (.01)
. P<Q @D 8 o - | o- 1 (.00) 1 ¢.00) 1 (.00)
Total ' 216 216 216 216 . 864

a Proportions rounded to nearest hundredth,

b Categories 9~23 are combinations of the first eight.
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"Table 15 . 63

Response Categories on the Propositional

Logic scoring system for each argument (propositions in parehtheses)a-

Catcgoryb,

MP MT | AC DA TOTAL
No Response | 14 (.06) 12 (.06). | 14 (.06) | 9 (.04) 49 (.06)
1. P 1 (.00) | 3(01) | 100 | 1 (o0, 6 (.01)
2. Q 1 (.00) o -7 | 1¢00 { 2 .01 4 (.00)
3. P 0 0 1 (.00) 3 (.01) 4 (.00)
4, Q 6 (.03) | 4 (.02) 5 (.02) | 1 (.00) 16 (.02)
5. P.Q Y| 16 (.07) 24 (.11) | 27 (.13) | 35 (.16) 102 (.12)
6. P-Q 55 (.25) 44 (.20) | 28 (.13) | 12 (.06) 139 (.18)-
7. FQ | 24 (.11) 24 (.11) | 18 (.08) 5 (.02) 71 (.08)-
8. (P.Q | 1 ¢.00) 1 (.00) 0 | 2 (.01) 4 (.00)
9. N(P-Q VI 1 (.00) 0 {0 | 1 (.00)
10. P.g, F:Q 20 (.13) | 20 .13) | 26 (.12) | 24 (.11) - |108 (.13)
11. PeQ, T'Q 43 (.20) | 50 (.23) | 68 (.31) | 49 (.23)  [210 (.24)
12. P-Q, (¥.Q) 8 (.04) 7 (.03) 13 (.00) \\24 (.11) 52 (.06)
13. P.Q,~ (P+Q) 4 (.02) 4 (.02) | 2 ¢.o1) | 13 (.06) 23 (.03)
14. P.Q, T-Q, 7.Q 4 (.02) 2 (.01) 0o ‘11 (.05) 17 (.02)
15. P.Q, Peq, Foq, (2% | 2 (.01) 3(01) | 100 | 1000 | 70D
16. P+Q, P+Q, P'Q, (P-Q) 2 (.01) 5 (.02) 3 (.01) 4 (.02) | 14 (.02)
17. P«Q, P-Q, (P'Q) 1 (.00) 1 (.00) 0 | .5 o2y 7 (.01)
18. P«Q, B:Q, (P-Q) 1°¢.00) 1¢.00 | 100 | 1 (.00) 4 (.00)
19. PP 0 0 2 ,(.oi) 2 (.01) 4 (.00)
20. P.Q, P:Q, ™ (PQ) 1 (.00) 0 1 4(.02) 2 (.01) 7 (.01)
21. P.Q, T Q,~(P Q) 0 o | o 1 (.00) 1 (.00)
22. P-Q, 7q 3¢01) | o 0 6 (.03) o (.01)
23. P.Q, (»Q 0 | o 1000 | o V.00
24. P-Q, $+Q, P+Q, (P+Q) 0 o 0 1 (.00) \‘\ 1 (.00)
25. Q, Q 0 0 0 106y 1(Q0)
26. ‘P-Q, P+Q 0 1¢00)° | o0 0 + 1 (.00)
27. P-Q, P-Q, ~(P-Q) 0 - 0 0 1 (.00) | ‘1 ¢.00)
} J __\_l_,_______ v
TOTAL 216 216 216 216 864,
8pyropositions rounded to nearest hundredth. \\
bCatcgories 13 - 27 are combinétions of the .flrst elght. :
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Discussion

The results were interpreted as suggesting that the hypothesis received
only limited support from the data; Specifically, it appeared that there was
some gtowth"as children become older,.toward more complete recognition of the
combinatoriol subordinate and superordinate class relationships underlying
the elements of propositions in material implication.. However, there appeared
to be greatwvariation in the kind of relationship thrt could be 1nferred from
subjects ‘explanations, even with thé oldest children in,the sample.

- Further, with regard to the original hypothesis, the four»components of
material impil.ication [(p-_q, Pe9q, Ro_q, (E-E) were not generally observable

AY

in the subjects explanations. is suggested that the logical propositions
underlying children's responses/zz logical tasks may not be complete in the
formal logical sense, even with children who are supposedly operating at a
formal level (13 years old) |

£ One should approach these data with a nuMber of cautions in mind. First;
as Brianerd (1973) pointed out, explanntions may no: be good:reflections of
reasoning behind judgments. There are a variety of tasks to. perform in formu-
. lating and providing an explanation that are greatly simplified. ghen only a
one word judgment response is required. Thus, the intervening processes could
inhibit acdurate representstion of understanding in‘a verbal explanation.

\\

A second area of caution concerns the C-L scoring form. While'the inter-

rater reliability was adequate, only large differonces should be interpreted.

-For that reason, only the categories getting proportiOns of ifo or more were

discussed in thie report. When response rate was at a lower ‘level, the stability"

of'the category might be questionable.-

-

, With these cautions in mind, the findings were rather consistent with the
literature. For example, logical judgment tasks have been suggestced as separate

from understanding of the {ogic involved (Smedslund, 1970). The relatively
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higher rate of corvect judgments of the truth status of the four argunments

?

reportéd carlier (Table 7) suggests that. such a task is different f{rom

i

‘giviﬁg-explanations for those judgmenté un the basis of the inconsistency

 of categorieé of response seen.in the C~L scoring. ‘Further, previous research
questioning tﬂé existence of-the 16‘binafy operations in logiqal thinking
(L.e. Byunam, et al., 1973) was suppofted by the prGSent‘data: )

Researchers haye ;uggested a variety 6f explanations for the difference befween
performance on Jlogical tasks and uﬁderstanéing of that performancef For example,
‘Begg and Denny  (1969), Chapman and Lhapmah (1959), énd otﬁers have proposed an
nét@osphere" effect in which quantifiers, negation, and ther charactcristics-.
of the premises of an argument‘affegt fhe conélusicn. Johnson;Lai;d'(l975)‘
stressed the role of pfior béliefs. Northrup (1977) emphasized thﬁ nature of
the task, and Qo on. ’ ’ |

This study»raisés many thstions'thgt will be addréssed in subsequant
aga]yées of- these data. For example, the relationship of class'to'logigal

category, and the relationship of catngory of explanation to correctness of

[ ]
L]

response will be explored. Further, the effects of part-whole"presentation
(form PW) and verbal versus visual presentation of the premise material scem

to offer promising avenues for further analysis. ’

A\ : i

g/




R .
..
w* . . s
. L)
L

conclusions \

. ‘ . ’ ¢
The four studies that have been completed so far represent only a small

_part of the possible analyses created by the data. ' Howevar, they do suggest
some insight irto the complex reasoning proces§esﬁpf‘children and adolescents.

For example, the data suggested that verbal deficits in explanations were only

a,m&jdr problqmﬂfor firse grhdérs. Children in the élder groups gavq progres-

. sively less arbitrafy explanatic aﬁd more good logig explanations. Tﬁese

- fiadiﬂgs suggestedlthat Fhe means of’explaiﬁingrsecmed to matuxe with ape.
There were not significant differences in this pattern at different éggs.

Fur;her, with tegard to explanations, the logical prémises expected. to
" become more ﬁroﬁinent'ih older studen;s (according to ?iaget's (1953) logical

compépegts of implication) dié‘ndtznuffacﬁl Raﬁher, cxpianations'secmed tow. |
reflect a wide varicty of understandings of the prcauises at all ages. A similar
pa;teiq vas foﬁnd.for the class scoring'suggestiﬁg'phat gless rela;ionshipg‘in
logical premises éontaining implication may pot be routinely infefrgd. ‘Aggfn,
the argument form had little e%fect on the patterns bf explanat{ons. This hs
par;iculary notewd;thy when compared to the increased fété ofucoppect responding
with age, and the-differential rate of correct responges to 95€;/argumcn§‘fprm.

One'obfibuo conclusion might be that the judgment of thq;truth of a syllogism

represents a different, and)perhaps easicr task than the explanation of that

)
~

judgment.

The datd suggested that class inclusion was related to the ability to judge

the tfuth of logical arguments containing implication. This is compatible with

: , | . ,
-wh it woyld be‘expected, and has often becn assumed.

t

Response time seemed to be related to rgsponse correctness in an unpredicted

wéy. That is, when correct responding wago highaest, response time was shortqsat.
N
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This occuredieVQn when youngier children were more correct than older children
on the modus ponens; This suggests that the younger children were responding
with a rather simple algorithm which led them to respond correctly to 1. Fuf- E
. ther, the simplicity of the,algoritﬁm would lead to shortgr response times. The
algorithm did not work as well with'phe other'argumgnt forms, however. Mean-
~while, as the children were older, ﬁhey responded onmthe basié of a more complex
algorithm, and were only familiar enough with it at the‘oldcst age level to
have increased number of correct responses and shorter res;onse times. Thi§
.1ine of reasoning will be explored ih subéequent analfses of the data.
The pattern 6f correct responses vas simifar with the Dutch students who
participated in the present study to pirevious results mostly w%th English-speaking

groups. This suggests that the underlyibg structure for logical reasoning

'devaiogs indeprndent of leasguage and cultuve, as suggested by Piaget. Hovever,
there might Le soue subtle differcuces to be found in the logic employed by
English and Dutéh speaking'ghildren. This wi . oo pgrsued in subsequent studies.
Tﬁe present studies prpvided for the development and standardization of
two interviews designed to pursue'childrens' understanding of_logical arguments
and premises. Hopefully, thgfe interviews will help fill the void rccognized
by other researchers in the field (e.g., Evans, 1972).
Finally, analysis of the data collected in Nijmeger in 1979 is continuing.
Some future analyses will explore the effects of negation on explanation, the
effects of separation variables on logical explanation“and judgment, the relation-

ship of matcrials in the premises to logical explanation, and part vs. whole

presentation on re» .oning.
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INSTRUCTIRS AAH b PRUKFPERSONEN |

Ik ga je eun paur dinpen zegpen, zoals'bijvéorbeeld:
DI 1o MARIA
.en dan zal ik iets over haar vertellen zoals: ze heeft een
blauwe Jurk aan, | .
Ook*zal ik Je er dire eon peaw vragen over otellen. JiJ noct //"
or achter zien te komen of het k;opt-waﬁ ik zeg.
Jo Eunt.op dric manieren entvoord goven: |
1) Jxr, DAY BRTHI LM DL g HOBR KLOopraye,
2) MR, DAY MFTLXEAT RARR [ A0 LI 2 9 01 x;n RYn2Vn,
3)'HISSCHIPN. DAD RERQEERrS D@T HET 5008 HISSCHIRE

w

VEL-KJOPT; Iir/k DAY IK JT NIE® GENORG VERTRLID

«

HEB OF 1P ZLSIR T4 VETSH.
Bijvoorbeeld, sted Jje voow dat ik zeg:
| MARIA I35 (BuVINDY? 2ICi) NAAsST D KNOOD. '
CDAN Js (BeVIav® ZICH) ni KNOOP NAAST MARIA.
Is net juist als Ik Jdan 224 dav de knoop naast Maria is?
(Wacnt, op het antwooru vdn net kind; zeg aaarna: )
. Ja is pet goede antwoord., _ T o ’
Iaten we een ander voorbeela proberen:
| b KOx IS GROTLR DAN ke KaT.
DAN Js BEN KAT GROTRR DAN EEN KO,
Is het julst als ik dat zeg?
(Wacht op het antwoord van net kind, zeg daarna:)
Nee is het goede antwoord omdat een koe niet

groter en kleinér kan zijn dan een kat.

Laten we nog een ander voorbeeld probercn:
KAAS 18 VORDLSET .
DAN I5 VOEDLSEL KAAS.

]
- ve—y - P T . REPTIRSS o
‘ .




Lt e o T il = -
W"W‘MMM M i G I MBI P a mh e Pyt W e AT QAR N . B s @ e S L Cmme W el ¢ - asles « ww e ¢ nrnnd - oo e 9

g - . - . N LY YYIR] HM'A“IHM'

Klopt het als ik zeg dat Voedsel kaas 18?
(wacht op net antwoord van net kind, zeg dadrna.)
Denk er aan dat je alleen JA, NEE of MISSCHIEN

e . kunt’ zeggen. ’

“(WApht op hét aatwoord van het‘kjnd, écg daprnu s)
Het antvoord hicy ig IULSSCLUINT ondet voedno)
kaag )on zijn of cen andcr alng Cat je huut
cton zonldae broed of vdecr. Megrelip Je da i

Ll het kind Jo zegt, vraag b dan on uitfgg.

Zegt het kxind nce, log het den dasrna nos cone Lit en gebrudl:

daanbi jeplasijen.
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~FORM Pl

1e Do proctleidur zet buk A vuur het kxnd necr en Aegt'

ALS ALLE uuuggu DIKHEN 210N (Lurwijl du woorden uitgesproken worden,

, .
7

wijst de proefleider op de hond en dan op

de rest van de dieren),

EN DIT 1S EEN MUND; (deiproefleidqr laat het beeldje van de hond.

DAN MOET 1% Dizk BIJ DE DIKREN .
‘;ZETTEN (de proefleider zet de hond in de bak),
L. KLOPT mAT?

Aig het kind geen atandaard antwoord geeft, ( ja,

- DENK ERAAN DAT JE ALLEEN JA KUNT ZEGGEN, DAT BETEKENT DAT HET MOET KLOPREH.
NEE, DAT BETEKENT DAT HET NIET KAN KLOLPEN, OFa

HISbCHIEN DAT BETEKENT DAT HET SOM3 KAN KLOPPEN, MAAR DAT IK JE NIET GENOED
VLRTELD HEB OM ER ZEKER VAN TE ZI1JN.

Wanneer het kind een stundaard antwoord guuft, viuzgt de proefleider:

Be WAAROM ZEG Ji DAT? !

Na het antwoord van het kinf, guat Jde proctleider doors '

Co VERTEL ME WAT HET BEEKENT ALS 1K TUGUN JE 20, -
ALLE HONDEN Z1JN DILhkN,

Wianneer het kind antwoord ‘guett, vraagt du proetlenaers

N, ZIJN ER MLER HONDEN UF DIinkIN? b Vlumﬁl du pruetlerders WAAROM?

wanneer het k1nd untwourd

geet't, gaat de pruef.cider dgor. VERTEL ME NU WAT
" DIT BETEKENT; |

Be DIT 1S EEN HOND (De pruefleider wijot up de hond in de bak)

DAN MOLT 1K Dz BIJ'DE DIKREN ZETTEN. - . /

zien die buiten het gezichtsveld was geWouden).

nee, misscliien) zegt proefleider-




’ Y nmm CA“' . . //
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G.) Ve pruet‘leulur_plaau,;l. gun blad vour hot kand on legt erops

i ggngrkggg 1: Als het kind goon ataqdqard-antaoonn géeft, loct deo p:noflqldor: P

2.

4

‘Oogoooaoooooomw DAT?

?'grucuq kubuesen (bi) elkaar)
Hi) zegt dang AL%/ALLL BLUKKEN VAN HOUT 21JN (Pl. laat op blad sepl»ateto b1°kk0=
' //zﬁ DLT 1S NIET VAN HOUT

DAN I8 HL‘P EEN 8LCK '

D . Lete
’ | N h .
' * H b‘ .

D!H‘ ERAAN. JE KUN'!‘ ALLEEYN HAAR JA ZEGGEN, -DAT BE‘I'F".’I’(’I‘ D.I‘.‘I‘ HET I'QLR mp.’mx. '
OF NEE, DAT BE’I‘L!QINT DAT HET NIET KAN ICLOPPE!! or lISSCHIEl!, DAT IEAELEKT DAP -~

' I . °
1K JE‘NIET GENO!X) VERTELD HED OM ER ZEKER Vm TE Zf.n:. . oo e
[ ] 0 ! ' ;

Wanneer het kind oen otandaaxﬂnantuoord hoott gogovon, veasgt de proofloiders

B..............HMROH ZEG JE DAT? tee -

]

Upmerking 2: Het kind moet' in staat gesteld kunnen vorden de procfloidoy
dﬁidelxgk aan te tonen dat hiy/zi) 65 volledige betekenis vam de imolicatie in
de'prcmusen en de cunclusie beuchreven heet't zoals hu/zi,) die begrijot.

Dv pructlerdur moet het kind bl Lgven undervxagen m.b.t, het antwoord totdat

dat duideligk 1, , f

—-u—-—--————-.—-—-q-——.--—-‘-b-.—--—--—-n-’-——-——m-u--—-—
i /

De ;{x-oef]endcr plaatst een blad voor het kind en legt 'erop:

\\ 8 groene kubussen en 1 geld cirkel (biJ olmr)

Hi) zeg\ dang Abu ALLE BLOKKEN VAN HOUT ZIJN (Pl. laat Op blad 3ep1mteta blokken

")y e

zien) .

EN DIT IS EEN BLOK ) (Pls laat gelo cirkel zion) KK

DAN IS HET NIET VAN HOUT (PL. pleatot gale’ ojrkel buiten blad) -

) . . . ) .' | . ‘ ".
'Au...o...u..KU)l’T DAT? ' , ’ ' .7 ,‘-,. . : ' ,‘s‘
Als het kind geen standaard-antwoord geeft, zis Op'nerkmg 1. o . ,‘.'.':-’ '

. . ’

Wannuer het kind een eta.ndurd»mtwoord hueft gbgovon. yruet de proefloiders . ‘\.,'-

Beasosenoeree HAAKON 280 JE DAT? | S R R

Zie wwerhirs C p,bet, hot, antwoord, T e R

| . . .
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Aruitoxt provided by Eic:
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Presentatieg Guuuul-Conmycgt
' \\

De proerleador heott twee bukken. Dé éne bak (A) bevat 10 verschillende

Aloxnu beeld jes van dieren (wauronder één hond) die at random neergezet zijn,

"De andere bak (B) bevat verscheidene 5roenu kubussen van 2,5 cm.

Er is één hond en een n1et~gekleund bIQkJe van 2,5x2,5x8 cm die buiten het

gezichtsveld van het kind worden . 86h0udano

De éne hond in de bak komt apart &e Btaan\van 1e andere 9 dieren,
\ o ‘
) ‘ |

‘ \
\
De mogeli jkheid bestaat dat het kind, vooral in de jongere leefiijdasgroepen,

niet weet wat het woord 'kubus' betekent, De proeflelder moet er daarom naar ¥
vragen en eventueal uxtleggen.

Wanneer je het kind een object (hond kubus) laax zien en je ontkent het (Dit
s geen hond, geen kubus), bedoel Je- laten we yet doen alsof. i

Da precflodder noot het ks osdoo oo netten petinan 00 e Acor sirLako
i el dla gubraikt buenay vasian o hid ludng com 40 €poren £142 Uigies |
“daaran Beg Jo Catrw ' | | o
Kuan o Be o nuer ovepr t?a)mllcm?" o S :
"Wil Jo dat verdur uitlegseal® o 3

"iat mx-a- danrnee? etc,

7
i

et pruwipe i+ ds proaflo&dsr rteeds in do goaten Mmoot homdmn by "
cudesvraging ves thud‘thanmuamcmm
wznmhoodommmmﬂwm.

Indica het kind de tnnttuottna ia A.B.C.D of L niet b.(ttjpt. Jbarinner het
or den ana wat ‘or geviwagd words,

Bijroorbeelds lniiem de proefleidar s sode vomm en het kind wchi jnd
to autwcorden n.bets do validitess (of het klopt of BicV}, dan moet het
oﬂumomnrdmmmmuwmmmum

Lot o ook bises ¢p dat kot 1 O6IR Ut Rdns CAOSTLS Worch Debiele 1o
CAITTOLRD «nMo0sd, . -
Vermijd, nadut het kind antwoord gogeven heaft, uitspraken als: "Dat is
een goed snlwuurd", Buter is niet zouser een uitupragk ‘e doen m,™. t, de
Juistheid van het antwoord, maar meor goricht op het‘feit dat net kind
goed zi)n bLeut doet, zoals bijyv, "Je doset het goed", "Mooi zoi", od,

84 ~




lefkele vegren onm Meer _te weten te kowen uyver het antwoord van het kind:

Wil je dut vernder Witlogpeny
Vertel er eeng lneer over,

Kun je me or ieer over vertellen?
Waarom zeg jé dat?’

Wat bedoecl Jje?

2.Te _antwoorden op"ik weet het niet®

a)Herhasl de vraag

b)Weet je wat P ig? Qis?
indien "nee"-stoup| '
indien "ja" ~ herhaal de vraag

¢)"Ik weet het nyutn 64 verder met het volgende item,

' 85




v INSVRUCCIE, AAN D, 1iu.. o lelosR . '

'1) Vernijd, nadat net kiud untwoord Legoeven neeft, uitwprakﬁn
@le. "Dat {s evn goed antwoord", Geen uitapraak dus m.bet,
dy (on)juistuetd vun het autwoord, maar een ultapraak gorichs

'
N ,‘l
oY bét fedv dat het kind gced xijn bést doat, zoclo bBijve . %
“Ja doet nat goed", "Mool aox*. ed. b

2) ltet principe dat de proofleider oteeds 4in do gaton moot houdem !
s bta ondervraging ven het kind s dat het geen nanvijuliog

'S i{:oven uag wordeon ho¢ 40 vroug beantwoex¢ LGt \vordone

N ’ ) .

G ion hot kind de instructien in A of D aled Logrd 3pCe onirnog
) bet cx dan sen was er govrangd vords.

---m-“~-*~-~~

Y) Lo’ proetleiucr moet ho

m-ounnu-nﬂcm-’n--“-mn-mmm-cf

t kind ortoa aansc thon roﬁenan o covaene

kakclo vragen on neer to waten te Lohcn over het vmtuacw@ Vi
haot kind:

. ¢
“Wil jo dat verder ultlegon?®, "Vexrtel ¢ cono peey over.¥,

‘Ywaaron seyg Jo dat. precion?* of "wat bodocl jo dasrpoc?®,

4) watTor guduan KOGt Wordon na Rt Entwoord " Ti weet het nlet."7 ~ — T

&) nerhaal de vraug; indien hetcmlfde antwoord i

b) "woet Je wat P L{8?", "weut Je wat y 187"; indion “Neo.":
stop mot de vraag te atéllon; indien "Ja.":'hqrhaal de
vrady nog een keur; indiénrflk weet hot nlot,"y

¢c) stop wmet do.vrang te stellen en ga vexrder met nst volgende
iteuw.
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Catogories of |
gxplanation |12 | 3]4l5 {6} 7 8l9 10

1 Verbal
4 Deficits
{

a2 Memory
; Deficits

3 Arbitrary ' l .

|
! Explanations

7

4 Structural
Deficits

5 Condit jonal
Reagsoning

*miod Autiped X

6 Patterncd - 1 - k ' '
Explunations ' .

e
T

T Others " | i

8 Good Logic

Place respnnse to syllogism (yes, no, maybe) in box corresponding to explanation, and circle correct responses.

: | | . 88
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SCORING INSTRUCTIONS FOR
CODING FORM CwL

1. Tt general, the.scover will place a check in the boxes where the kind
of statement the child made is reprenented at the top of the column. For

. oxample. if the child says, ""Dhogs and animals are the same thing. ' checks

should be placed in the P=Q column and. the PQ column. Also, a check
sould be place in the P«Q column because. tho child racogizes that hoth:

P and Q can exist at the same times The epecific criteria to use with
acoring each column are listed below, The only violation te the oheok
plmeunt in a column is that if the chnd reverses ¥oQ in his verbal
responso, place an R in the appropriate columns mnstead of a ‘checke .

For example, if the major premise 8ays, wpll P are-Q" and the child

says "‘l‘here are Q9 and there are Ps%. Since the chil\i said that Q and P
exist in his ansuer, we score it as PeQ, and place an R in the columi bew

-

causs of the reveraa.l. More than one column can be scored (Lor R) for
N

each item,

24 'l'he ‘three sectxons of each item that have several-word respomse; are
acorod. Each section has & line on the forme There are two fomsk one foy
Parts I and 111, and the other for 11 and IV items.

3. The meanings of tho symbolg 1n each column is as follows:

\

A. Class Relationships

a) PaQ 3 R sponse indicutus Psund Q are Ahe same in number orsize. -

ext “hey are“the samc", "There are dogs and there are animals"..

b) P<Q : There are more Q thun Ps ' Lo -4
¢) PyQ 3. Thore are more P than Qv
a) @@ : Prand Q exist as ~sepamtc variablese.
ex: "There are dogs and there are animali®e "4 thing i either a
tréo or a planiVe. |
e) @ P and Q are the samece.
' exs "All dogs ¢, e animuis and ali ammau ara dogs".
£) : There is some overlap tetween P and Qe
oxs "Some doge wau animals", "Some animals are dog. "
g) @ P exists as a subclags of Q.
ex: "A dog is an animal'. g are animalsMe

89
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h): Q iz a subordinate group to P,
I _ . ex: "All animels are dogs","An animal is a dog",. _
\ i) Other; Put a symbolfor an cther kind of respomse tha* needs to-
be yrécorded. In the notes ares below, the symbol should.be ex~
- plained, E&-“Thsre are dogs"e This would be scored P oﬁlx.

B, Logical Relatic;nshipa
a) P 2 only the existence of P is recognized.
ex:s"There is a dog". ‘
b) @ s only ‘the existence of Q is recognized.
"There are plantg", | : D e

i

- "~ ¢) F : only the existence of the negative of P is recognized.
exs "There is no dog". "This not a ball"e . ' - <
d) ¥ : only the existence of the negation of Q is recognized.
B ex : "There is no animal." |
e) 2.Q The existence of both P and Q is rncognlzed.
ex ¢ "There are dogs and there aré¢ animals.", "You said all dogs
_ are animals”, "Aninals can be dogs and dogs can be animals."
‘ . ' f);P}Q s recognizes that the negation'of P can exist while Q existe
ex :.there- ig no dog, but there are animals", "All dogs are
°animale, but not all animals are dogse™ | |
it can be infe..red from some answers that P Q is intended.
x : "Every dog-must be an animal too.", implies that animal is
- | superordinate, and animals can exist that are not dogs. "
g) PoQ : recognizes that the negation of P and Q can exist.at the same
r time, ) |
ex ¢ "There are no’dogs or animals,"
‘Thig answeir can alsb be inferred from correctly applied iﬁplication .
or otaecr answers in whlch P.Q is not stated directlye. L '
ex $"All dogs are animals, but not all animals are dogs.", "If this
is a dog, than it must be an animal, because all dogs are animals.",
wIf this were not a dog, it might or might not be an animal."
h) (P.Q) : saye that P can exist even when Q does not. | ‘
ex ¢ "There are no round things, but this is a ball anyway.", "This
| ip & dog tut not an animall." '




i) N(P.ﬁ)’:-denies that P and @ can exist at the sama time,

ex: "There are no dogs that are not animals",

This can sometimes be inferred from a good implication response, exs

"This dog must bq an animal because all dogs are animals,"

J)“ g:g means that a term was added, For example,"all ﬁ;ees are green

and all plants are green so this must be a plant,"

<k) Other: Mérk_any other kind of response that should be recorded

(dealing with logical understanding) with a symbol and explain
the symbol at the bottom of the page under "notes", .

g v

¢
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~FORM CA~

. ' C-L Coding Form ' T 9
) Name ' L _ Examiner

Tape Scorer

.Pate scored

Ao Class relationships H '
PaQ|P>Q KKQ @@@@@@ @ : = = PaR

~B. Logical Relationships
P QPQPeQ FoQ FeQ|(PeR) N(P:Q)|pg [OTHER'

16 | ] |
17 : | .,

18

19 , .
Rmttasnnl ShEn S - ] -
20 ' | -




=FORM Py . /
. ) ' A 10 K
C-L Coding Form o
‘Name | . Examiner
Tape - , Scorer ,
Date scored . / "Part I III (circle)
he Class relationships A 3 a B, L(sgical Relationships | -
PaQ|P?Q KQ @@@@ @» 5 [P QPQ,Pea Peq B (pe0) N(P-Q) :;’g OTHER
-~ ‘ /b g
. H :
i
—— e -
3 &x - & \\.. o
3c '.E__ 31 \{n.
3B 4 | 3
3 T T =1
v | |
4E
5B - — - |
5C §
5k I
6 B ' i ..].
6 ¢ ]
p ,
E 1* | .
T8 d_ 1. ‘ l
P L
M - [ =
8 . S
8 ; ) H ] |
|| ., LN ...J
NOTES: —
/o y
1 . / '
. l ' "
e . g

e osrw
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