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ABSTRACT

AN EXPLORATORY STUDY ON TEACHING UNITS
IN LOGIC TO GRADES.  THREE AND SIX

Sr. Mary de Lourdes McAloon

Chairman: Professor Joseph N. Payne

FPURPOSE

This study was designed to investigate the role of
logic in mathematics in grades 3 and 6 and to examine
the teaching of various principles of logical thinking

and their relation to learning mathematics.
PROCEDURE

Twenty-five teachers, 1100 students from middle
class socio-economic backgrounds in grades three and six
from 16 schools in the Archdiocese of Detroit participated
in the project for eight weeks in the 1967-68 school year.
The 16 hours of logic instruction were taken solely during
the mathematics class periods. Four treatments in each
grade were designed: LM, in which logic was taught
interwoven with mathematics; L, in which logic was taught

separately from mathematicsy I, in which teachers of these



students attended in-service classes in mathematics; C,
the control group in which students were not teught logic
and whose teachers had no in-~service classes during this
study. Teachers of both LM and L groups attended in-

service classes in logic during the project.

Units in logic included topics such. as: sets,
relation of sets, statements, truth-falsity, class logic

such as meaning of all, some, none, disjunction,

conjunction, negations and implications, basic ideas of
validity and invalidity.

Instruments used in the study were: adapted forms -
of Cornell Class and Conditional Reasoning Tests, Wisconsin
Contemporary Elementary Mathematics Test, given to all
groups as pretest and posttest. Groups LM and L took a
Logic Final and Logic Retention Test based on. logic material
taught. An attitude test of seven items was given to all
groups at the end of the project. Students were of average
and above average intelligence as indicated by school

records and I. Q. as measured by the California Test of

Mental Maturity.

FINDINGS

1. The group taught logic scored significantly
higher, p <€ .01, on the mathematics achievement test than

~

t~e group not taught logic.

2. Although the group taught logic. with mathematics

scored higher in mathematics than the group taught logic



separated from mathematics, these differences were not

significant in either grade.

3. The groups taught logic scored significantly
higher, p < .01, than- groups. not taught. logic on the

reasoning tests in both grades.

L, There was no significant difference in scores
on the class and conditional reasoning tests between
those taught logic*interwoven'with,mathematics and those
taught logic separated from mathematics. In the Logic
Final, the LM group scored significantly higher, p. < .05,
in grade 3 and the L group in grade 6 scored significantly
higher, p £ .01, than LM in both the Logic Final and Logic

Retention Test.

5. There was & significant difference, p. £ .01,
between the scores of students in grade 3 and those in
grade 6 in achievement on the reasoning and logical think-

ing tests.

6. There was no significant difference in the logic
or mathematics achievement between boys and girls at either

third or sixth grade level.

T. Symbolism and the principles of transitivity in
both class and conditional reasoning were easy for both
grades. Generally class reasoning was easier than. con-

ditional reasoning.- In class reasoning, the principle that



class exclusion is symmetric and in conditional. reasoning,
modus ponens, were in the highest rankings in the percent

of correct responses.

8. Fallacy principles and the principles of
contraposition and converse, while more difficult to
teach at both levels, were more difficult to teach in

grade 3 than in grade 6.

9. Tests were designed to have Yes, No, and Maybe
answers. Items with a correct answer of. Maybe. were answered

the least well of any group on both class and conditional

reasoning tests.

10. Answers to principles of transitivity, modus
ponens, and class exclusion being symmetric indicated that
about T0% of the students knew these logical ideas prior

to instruction.

11. Children in grede 3 had more trouble with items
which haed content not familiar or specific to them than

those in grade 6.

DISCUSSION

This study, in answering some gquestions about the
relation of logical thinking and mathematics achievement, has
raised additional questions. Teking time from mathematics
did not decrease mathematics achievement, but, in fact, helped
it. However, optimum amount of time to be devoted to logic
is yet to be determined.- -~ More work is needed with small groups

to make it easier to assess the thinking processes of the child.
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CHAPTER I

STATEMENT OF THE PROBLEM

In the early years of the contemporary revolution in
mathematics education, much emphasis was given to the content.
In the elementary school, the stress seemed to be placed on
the relatively new topics such as sets, numeration systems,
certain topics in geometry not previously part of the
elementary curriculum, or to the change in grade placement
of topics. Recently there has been a revival of interest
in methodology and in the behavioral aspect of learning and
teaching including a growing awareness of and alertness to

the logical and psychological aspects of mathematics.

The Committee on the Undergraduate Program in
Mathematics of the Mathematics Association of America (76),
among other groups, has recommended that students acquire
an understanding of the language and nature of deductive
reasoning. While it is not intended that they. be introduced
to formal logic, they should understand what it means to
prove something. In explaining these recommendations, the
report suggests the inclusion of topics from logic such as
the meaning of all, none, inclusion , implication, if-and-
only-if. This suggests, at least, that elementary teachers

are expected to teach such topilcs directly or to use them as



background for teaching other mathematical topics.

Piaget's monumental. studies on the thought processes
of children have gained much attention in pedagogical
circles but there has been a paucity of research regarding
the role of experience in the development of logieal think-

ing. Questions such as the following are heard often.

What degree of rigor or mathematical precision in
language and logic 1is appropriate at various grade levels?
Can we structure experience to accelerate this. cognitive
growth which Piaget describes as developmental stages?

(80:2)

There has been an obvious need, from an educational
standpoint, to investigate the relationship betweeﬁ:the
development of cognitive abilities described by Piaget and
the intellectual components of school mathematics. Fur-
thermore, there is ", . .a need, both from a theoretical
and empirical point of view, to build a bridge of knowledge
about children's thinking and what is or might be done in

school to cultivate children's thinking." (1:1)

' critical

Consistency of thought, "straight thinking,'
thinking, logical thinking=--all have been a major objective
in elementary and secondary mathematics. Piaget, in his
work on the develcpment of cognitive processes in children,
did not indicate the specific role of teachers in this

developmental process.



THE PROBLEM

This study, designed to investigate the role of logic
in elementary school mathematics, is concerned with examining
the teaching of various principles of logical thinking and
their relation to learning mathematics. It is not as much
concerned about whether the stages can be accelerated, as
Piaget called this the "great American question," (31) as
it is to ferret out specifically those aspects of logical
thinking which will aid students in learning mathematics,
and perhaps, because of their general applicability, save

him valuable learning time in his school career.

Certain teaching strategies and lessons were offered
to children to give them the opportunities of manipulating
logical ideas such as class inclusion, class. exclusion,
implication, conjunction and disjunction in a way that is
coordinate with and cognizant of their maturity, experience,

and level of mathematical achievement.

Four treatment groups were used: LM, with logic
taught and interwoven with mathematical ideas; L, logic
taught but not related to mathematics; I, in-service training
for teachers in mathematics; and C, a control group.

Teachers in treatments LM and L received in-service training
in logic while teachers in I, a control group for in-service
training, received in-service in mathematics on the content

they were teaching.

Children in grade 3 and. 6 were selected for the study.
In an effort to coordinate some of the logical ideas with
mathematics, it was necessary to study closely the mathematical
sequence, some of the major ideas of logic, and interweave the

two in a sequentially realistic way.



QUESTIONS ASKED IN THE STUDY

The major guestions asked in the study were:

1. Can the teaching of logic interwoven within
mathematics significantly  affect the mathematics achieve-

ment of third and sixth grade students?

2. Can the teaching of logic significantly affect
the development of logical thinking in third and. sixth

grade children?

3. Is there a difference in the attainment of logical
thinking ability in third and sixth grade children? If so,

in what way is there a difference?

L. How much logic can be taught to third greaders?

to sixth graders?

5. What are the trouble areas for third graders in
logic? for sixth graders?
6. What are the easy areas of logic for third graders?

for sixth graders?

T, What did the third graders seem to. have learned
in logic before their logic instruction? sixth graders?

8. What specific mathematical topics seem to be
aided by instruction in logic for third graders? = for sixth

graders?



9. What are some: of the similarities and. .differences

in the logical thinking abilidy of third and sixth. graders?

Certain facets of the problem posed in gquestion form
are stated in null hypothesis form. Questions 1l~3 give rise

to six hypotheses stated below.

Hypothesis 1. There is no significant. difference in

the mathematics achievement of students in grade 3 and grade

6 between those who have been taught logic and. those who have

not been taught logic.

Hypothesis 2. There is no significant difference in

mathematics achievement of students in grade 3 and grade 6
between those who have been taught logic interwoven with
mathematics and those who have been taught logic separated

from and not linked with mathematics instruction.

Hypothesis 3. The teaching of logic does not sig-

nificantly affect the development of logical thinking

abilities in grade 3 and grade 6.

Hypothesis L, - There is no significant. difference

in logic achievement in grade 3 and grade 6 between those
who have been taught logic interwoven with mathematics and
those who have been taught logic separated from and not

linked with mathematics instruction.

Hypothesis 5. There is no significant difference in

the attainment of logical thinking abilities between third

and sixth grade students.



Hypothesis 6. _There. is no significant. difference in

the logic achievement between boys and girls in grade 3

and in grade 6.

Answers to the other guestions rely. more.on analysis
of individual items on tests., percents of. correct responses
and written reports of- teachers. It was. difficult to

state these. questions in null hypothesis form.

In this chapter, the writer has presented. the problem,
defined the purpose of the study. Chapter Il offers a
review of the literature relating to the problem; Chapter III
presents the research design with detailed description of
the instruments. Chapter IV offers the analysis of data,
with Chapter V presenting & restatement of the problem,

conclusions, and suggestions for further research.



CHAPTER 1I1I

RELATED LITERATURE

It would be very helpful to define precisely what
logical thinking is. However, it is far too broad an
area to expect anything but what one could call an

' something that, while it 1is

"operational description,’
there, is nonetheless a bit nebulous to put into a single,

neat category.

Characterizations of logical thinking have been
made by many people, including such notables as Dewey

and Russell. On the current educational scene, Hill

made the definition ". . .for present purposes, 'logical

reasoning' is defined as, and limited to, the ability to
derive correct conclusions from sets of given premises."

(51:3)

Dewey made a distinction between proximate and

ultimate subject matter of logic as follows:

Contemporary logical theory is
marked by an apparent paradox. There
is general agreement as to 1ts proximate
subject-matter. With respect to this
proximate subject-matter no period
shows a more confident advance. Its
ultimate subject matter, on the other
hand, is involved in controversies



which show little sign of abating.
Proximate subject-matter is the
domain of the relations of propo-
sitions to one another,. such as
affirmation-negation, inclusion-
exclusion, particular-general, etc.
No one doubts that the relations
expressed by such words as is,
is-not, if-then, only (none but),
and, or, some-all, belong to the
subject matter of. logic in a way
so distinctive as to mark off a
~special field. (25:1)

Dewey was concerned with the psychological, the process
of thinking, the logical method as opposed to unchanging
logical form. He warned that subject matter of formal
logic is strictly impersonal and yet again he states, "It
does not follow, however, that formal treatment lacks all
value for education. It has its value, provided it is

put and kept in its place." (24:72-73)

The problem of definition is complex because there

are many facets. Russell wrote:

It is possible to make a logical
distinction. between the materials of
thinking (such as perceptions), the
motives in thinking (such as attitudes
influencing it), the processes of
thinking (such. as classifying), and

the ability in thinking which produces
ease and precision in problem situations.

(107:27)

Recognizing the difficulty of precise definition, a
somewhat global view of logicel thinking was taken in. this
study. The intent of the view of logical thinking is
demonstrated in Chapter III in the outline of the logic

material taught.



If logic were .to be. taken in an even broader sense to
mean a set of actions with: logie-like rules, such as trans-
itivity, then children's behevior at all age. levels mani-

fests some form of logic.

Since logic is related to intelligence, as are atl
cognitive processes, some basic ideas about intelligence
and thinking must be made. Three assumptions. about
intelligence are made, derived from the works of Piaget

and others:

1) Intelligence is not a unitary trait but the
variety of thinking skills by which & person processes,

organizes and manipulates information from the environment.

2) Children learn to be intelligent. By inter-
action with environment, a child gradually develops the
skills and understanding of .logical thought that enable
him to deal with the world rationally and creatively.

This assumption does not deny any hereditary influence in
the development of the intellect but focuses attention on
the importance of providing aeppropriate learning experiences

for children.

3) Intellectual growth proceeds through a definite
sequence of stages or steps. (32) (100) (10L4) -(35) (118)

BASIC VOCABULARY IN PIAGET

Since some of this study is related to the stages of
cognitive development as identified by Piaget, it 1is
necessary to be familiar with some basic ideas which pervade

all of his works on cognitive development in children. - The
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descriptions are given. as:roperational and,.in.neo way,.compilete.

An Operation is . a type. of.action; it can be earried out
either directly, in the manipulation o objects,.or. internally,
when it is categories or (in case ‘of formal logie) proposi-
tions which are manipulated. . Roughly, an operation is a
means for mentally trensforming data about the real world so
that they can be organized and used selectively in the solu-
tion of problems. An operetion differs from simple action
or goal-directed behavior in. thet it is internelized and

reversible. (60:x1ii)

Piaget describes a wide variety such as infrelogical
operations which are cognitive actions bearing on position
and distance relationships apropos of concrete spatiotemp-
oral objects of configurations, and logical operations in
which considerations of spatial and temporal positions,

proximity are essentially irrelevant. (38:166). (59:292)

Equilibration is a process whereby there is a con-

sistent and constant integration and reintegration of
knowledge--new pieces of information are acquired and made
parts of larger wholes. It is the mechanism of trensition,
a process operating continuously in all exchanges between
the growing subject and his environment, a propellant for
change and transition. This continuous process gives rise
to successive, essentiaslly discontinuous equilibrium states,
that is, organized systems of actions whose attributes as

systems are describable in equilibrium terms. (38:238)

Adeptation is the cognitive striving of. the organism--

the thinking person--to find an equilibrium between himself
and his environment end it depends upon two interrelated

processes, according to Piaget, accommodation and assimilation.
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_Assimilation inwolves a person's adaptation.of the

environment .to himself andvrepresents.the,individual's

use of his environment as -he would. conceive it.... Experiences
are taken in or absorbed only as far as the indiwiduel him-
gself can preserve end . consolidate them in terms .of his own

subjective experience.

Accommodation.represents.the.impact‘of the. aetual

environment. To accommodate is to conceive and to. incorpor-
ate the environmental experience as it truly is....(104:68)
(75:86) Both accommodation and assimilation always act
together. They are interlocked; assimilation is. always
belanced by the force of asccommodation while accommedation

is poesible only with the function of assimilation.

Reversibility is the permanent possibilityvof returning

to the starting point of the operation in gquestion. From a
structural standpoint, it. can appear in either of two

distinct and complementary forms, &S indicated by Piaget:

First, one can return tc the
starting point by canceling an opera-
tion which has elready been performed--
i.e., by inversion or negation. In
this case, the product of the direction
operation eand its inverse is the null
or identical operation.

Second, one can return to the
starting point by- compensating a
difference (in the logical sense of
the term)--i.e., by reciprocity. In
this case, the product of the two
reciprocal operations is not a null
operation but an eguivalence. (60:272)

Inversion and reciprocity are necessary conditions of
equilibrium for the most elementary behavior as well as for
the most highly organized. Thus, with variations in form,

they are found at all developmental stages.
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Conservation is the cognition that certain properties

(quantity, number, length, etc.) remain invariant (are

conserved) in the face of certain transformations (displacing
objects or object parts in space, sectioning an object into

pieces, changing its shape, etc.)

PIAGET'S STAGES IN COGNITIVE DEVELOPMENT

In order to understand more fully some of the aspects
of this study, it is necessary to review briefly the stages
of development in cognitive growth which Piaget hés formu-
lated. Although Piaget believes that the order in which
stages appear holds true for all children, he also believes
as Elkind points out, "that the ages at which the stages
evolve will depend upon the native endowment of the children
and upon the gquality of the physical and social environment
in which he is reared." (31:59) In a very real sense,

then, Piaget's is both a nature and nurture theory.

Theée‘stages can be separated into three phases which

can be further subdivided:

1. Period of sensory-motor intelligence

(0-2 years)
2. Period of preparation for and organization
of concrete operations (2-11 years)
3. Period of formal operations (11-15)
L4
Ages are approximate and the development is a gradusal,

growing sort of process. As Piaget says, "Mental development

is a continuous construction comparable to the erection of a
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vast building that becomes more solid with each addition.

(100:4) It is almost axiomatic of Piaget's approach to
development that a given periocd can be properly under-

stood only in the context of earlier ones from which it

springs. (38:202)

Perhaps it would be wise to add a note here. about
these stages of development; they are listed as three in
some books, four in others, even six. All really are
describing the smme stages of growth. In one. of his

most recent publications, Piaget writes:

For greater clarity, we shall
distinguish six stages or periods of
development which mark the appearance
of these successively constructed
structures:

1) The reflex or hereditary
stage, at which the first instinctual
nutritional drives and the first
emotions appear.

2) The sage of the first motor
habits and of the first corganized
percepts, as well as of the first
differentiated emotions.

3) The stage of sensorimotor
or practical intelligence (prior to
language), of elementary affective
organizations, and of the first
external affective fixations. These
first three stages constitute the
infancy period--from birth till the
age of one and a half to two years--
i.e., the period prior to the develop-
ment of language and thought as such.

4) The stage of intuitive intel-
ligence, of spontaneous interpersonal
feelings, and of social relationships
in which the child is subordinate to
the adult (ages two to seven years
or 'early childhood').
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5) The stages of concrete intel-
lectual operations.(the.beginning of
logic) and of morel and social feelings
of cooperation-(ages seven to eleven
or twelve or "middle childhood."”)

6) The stage of abstract
intellectual operations, of the for-
"mation of the personality and of
affective and intellectual entry into
the society of adults (adolescence).
(100:5-6)

This study was done with two levels of age, namely of
children in third grade with average age of 8.7 years and
children in sixth grade with average age of 11.6 years.

In order to examine more closely the concrete operational
and formal operational periods, distinctions between the
two stages are made in terms of definite logical principles

and ectivities.

CHARACTERISTICS OF PRE-OPERATIONAL THOUGHT

The following description gives the major. character-

istics of pre-operational thought:

"representation-formation;" internalization

of actions into thoughts;

actions occuring in the past and elsewhere
added to actions occuming in the child's

immediate spatial environment;

mental division of objects and collections

into parts;

absence of concepts of conservations on

any level higher than sensory-motor;
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absence of reversible operations;

child's judgments of quantity lacking

systematic transitivity.

CHARACTERISTICS OF CONCRETE OPERATIONS

Major characteristics of concrete operations are:

. attainment of a state of "mobile" equilibrium,
that is, the acquisition of the character of
reversability (of being able to return to their

original state or starting point);
operations carried out only on objects themselves;

operations belonging to the logic of classes
and relations but not taking into account the
totality of possible transformations of classes
or relations (i.e., their combinatorial

possibilities);

. classification or inclusion of classes under

each other other;

. seriation or the linking of assymmetrical

transitive relations into a system;

acquisition of logic techniques in this concrete
operational period restricted in two essential

respects:

a) operations a*t this level have an
insufficiently formal character; not

yvet completely disassociated from concrete
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data to which they apply; operations
develop separately field by field, re-
sulting in a progressive structuralization
of these fields, without complete

generality being attained;

b) Operational systems are fragmentary. One
can, with the aid of concrete operations,
classify, orﬁef serially, form .equalities
or set up correspohdénce between objects
without these operations being combined

into a single structural whole;

operations not yet completely achieving

equilibrium.

CHARACTERISTICS OF PROPOSITIONAL OR FORMAL OPERATIONS

Major characteristics of propositional or formal

operations are:

. new feature, reasoning by hypothesis.
Hypothetico-dedudive reasoning is characterized
by possibility of accepting any sort of data
as purely hypothetical and reasoning correctly

from them;

thought no longer proceeding from actual to
theoretical but starting from theory so as to
establish or verify actual relationships

between things;
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not merely coordination of facts about the
actual world .but hypothetical-deductive
reasoning drawing out the implications of
possible statements and thus, giving rise to
e unique synthesis of the possible and

.necessaary;

subjects' logic now concerned with pro-

positions as well as with objects;

new kind of operations: propositional
operations which are more than just a simple

.setting up of concrete correspondences;

discovery of certain kinds of invariants
which fall outside the range of empirical

verifications;

most interesting psychological problem
connected with appearance of a new group
of operations or "operational schemata,"
apparently unrelated to the logic of pro-

positions:

i) deals with combinatorial operations
in general (combinations, permutations,

aggregations)
ii) proportions

iii) mechanical equilibrium, involving equality

between action and reaction;
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. There are other operational schemata such
as schemata relating to probabilities,
correlations, multiplicative compensations,

ete.

In summary, then, two-important.acquisitions occur.in the

propositional or formal operationsvperiod:

1) the logic of propositions, which is both
a formal structure holding independently of
content and a general structure coordinating
the various logicel operations into a single

system;

2) a series of operational schemata which have
no apparent connection with each other nor

with the logic of propositions.

Certain of the characteristics indicated in concrete
operational thinking and formal operational thinking are
pertinent to the study of logical thinking in this project

as will be shown in Chapter V.

While there has been a paucity of research of certain
aspects of logical thinking, there has been research on the
broad aspects of criticel .thinking at all educational
levels. Those which have some relevance to this present

study are here reviewed.
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LOGIC ABOVE GRADE 6

Hale (46) sought to produce a text in formal logic for
secondary school students and measure their ability to learn
from this.: Students in grades 8-12 were separated. into
groups .on the basis of grede level, type of mathematical
background and type of intelligence tests furnished by
teachers. Students in the .project were being taught
mathematics from textbooks produced by the University of
Illinois Committee on School Mathematics. An. interesting
finding, perhaps not the major one of this study, was that
achievement scores of the student were affected by the type
of mathematical background he had as well as by the knowledge
he had of logical topics. The text was found to be suitable
for all students in grades 9-12 and for those .in grade 8 who

had begun the study of algebra.

In this study of 165 junior high school students who
had not had formal logic, Howell (53) found that there is a
slight growth in inferential reasoning ability without formal
instruction in logic. Less than two-thirds of the students
in each grade demonstrated an understanding of valid inference
patterns. All of the students participating in this study

failed to recognize the invalidity of both the converse and

inverse pattern.

Hrabi (54) used grade 7 and grade 9 students in a
study of a unit on logic and proof strategy to determine if
it contributed to the development of critical thinking
ability and relative achievement. He found no .significant
differences between the grade 7 experimental and grade T
control groups, but significant differences between grade 9
experimental and grade 9 control in favor of grade 9

experimental. Grade 9 achieved significantly superior mean
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scores in logic achievement than did grade 7 when mean
scores were adjusted for differences in intelligence.
When mean scores were adjusted for differences in both
intelligence and critical thinking ability, the superior-
ity of grade 9 students was not so pronounced. This
experimenter, in the conclusions of his study, recommended
the inclusion of this unit on logic and proof strategy
for grade 9 algebra classes and bright Tth grade classes
but did not recommend that i1t be included in the mathe-
matics curriculum of average and below average grade 7
students. He claims that the study of such content
contributes to both the mathematical, literary, and

critical thinking ability of these students.

In his study on inferential guestioning, Drum (29)
discovered that among the 7th and 8th grade students that
the following items proved most difficult: i) implied
deduction of a given term; ii) identification of the
most suitable generalization; 1iii) statement of the most
suitable generalization about a designated term and the
composite item category, and iv) selection and writing of

given information to support a conclusion.

Greif (45) investigated the effect of distinct
emphasis on creative and critical thinking in student
teaching in several education methods courses. He found
that emphasis on creative and critical thinking effected
highly significant gains in ability to implement such teach-
ing which encourages children to think, in the student
teacher's ability to think and in their general teaching
ability. Placing a distinct emphasis on cne aspect of
teaching brought attendant improvement in other aspects of
teaching, according to the findings of this study. Teachers

were given precise help in critical thinking.
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STUDIES OF THINKING IN CHILDREN

In. determining what kinds of logicel operations would
be appropriate for a study of this kind, it was necessary
to examine carefully research done in strategies of think-
ing and teaching of inquiry techniques. Larson (71), in
comparing theories of Piaget and Bruner .in .order. to-find
dimensions for studying strategies of inquiry, indicated
that both identified the following intellectual components
of strategy: content, organization, and proof.: Bruner
included components associative with values; Piaget did
not. Bruner identified focusing and scanning strategies
in sdolescence which were differentiated according to

whether subjects searched for alternatives or eliminated

hypotheses from a system.

Piaget had used similar criteria for differentiating
between concrete operations in middle childhood and formal
operations in adolescence. If scanning and focusing
strategies were identified in middle childhood, then
Lerson (71) maintains that it would be an indication that
some variable other than structure, as defined by Piaget,
would be needed to describe their inguiring behaviors.
Significant differences in strategies were not obtained
between Piaget's and Bruner's problem situations but child-
ren's strategies were significantly more systematic on the
problems that entailed & limited and understandable set of
alternatives and unambiguous information. Their strategies
were significantly less systematic on problems that entailed
an unlimited or nonunderstandable set of alternatives and
ambiguous information. .. This seems related to Piaget's
idea of concrete operations where there is not a systematic
organization of thought processes such as classification and

seriation. There were no significant differences between
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boys and girls, a fact that seems to pervade most of the

studies in thinking.

Several educators have proposed the idea that cognitive
progress may be prompted by conflict-producing. events.
Dewey observed that the origin of thinking is. some perplexity,

confusion, or doubt.

. . .Reflectiwve thinking involves
1) a state of doubt, hesitation, oOr
perplexity, mental difficulty, in which
thinking originates, and 2) an act of
searching, hunting, inguiring to find
material that will resolve the doubt,
settle and dispose of the perplexity.
(2kh:12)

.the origin of thinking 1is some
perplexity, confusion or doubt. Thinking
is not a case of spontaneous combustion;
it does not occur just on 'general principles.
There is something specific which occasions
or evokes 1it. - General appeals to a child
{or to a grown—up) to think, irrespective
of the existence of his own experience of
some difficulty that troubles him and
disturbs his eguilibrium, are as futile
as advice to lift himself by his boot-
straps. (24:15)

Palmer (87) enlarged on the work of Berlyne by employing
three conflict-producing procedures in first grade children.
First of these was what he called the "set effect,' an
attempt to elicit two incompatible conclusions simultaneously.
The other two procedures consisted of exposing nonconservers
of number to the corrective influence of others. In one
of the treatments the researcher gave a verbal expression of
surprise when a conclusion indicating nonconservation was

given by a child, and in the other, nonconservers were exposed
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to the contradictory conclusions of their peers who were

already conservers.

Among many intersting results of this study are two
relevant to this project: . the gains in conservation were
significantly greater in the treatments in which there were
conflict-producing situations and .the boys. outperformed the

girls in solving cognitive conflicts constructively.

Smedslund (111) investigated concrete reasoning in
children from four to 1l years of age. He used the terms
inference and reasoning interchangeably while defining an
inference as involving the combination of two or more
initial states (premises) into a final state (conclusion).

An inference is concrete, if and only if:

i) It involves symbolic processes, 1i.e.,

processes which represents events and

ii) the events represented by the initial

stages have been perceived by the subject and

iii) the structure of the inference is isomorphic
with a logical structure, that is, if the

conclusion follows necessarily from the premises.

Although his findings supported many of Piaget's ideas,
Smedslund indicated that in experiments of the kind which
he did, clearer distinctions must be made between percept,

goal object, and inference patterns.

Stern (113) explored the possibilities of teaching young
children strategies which would improve their efficiency in

solving problems. She believed that children generally adopt
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a random. approach to learning,-.failing to profit. from much
of the information which is' available tc them....After
instructing third graders.in:two different. strategies for
information processing, she found overwhelming. evidence
that instruction in problem-solving.strategies. involving
the discovery of a. rule wes superior to the policy of
providing: children with an: opportunity to practice and

to formulate for themselves: procedures without. help.

. In. this experiment in which: a.single hypothesis and a
multiple hypothesis strategy were used, it was. found that
more capable children profited more from the multiple
hypothesis than the less capable children. .In her con-
clusions, Stern recommends. that primary school.curriculum
include what might be considered as a scientific:attitude
toward. information getting and processing and:that- teachers
systematically encourage the. young child to ask guestions

and .pose hypotheses on his own.

While Hilda Taba (118) . (119) used social studies
as the subject area in which to experiment with cognitive
skills, her findings are relevant to mathematics. - BShe
used students in grades two through six and concluded that
the .transformation of concrete: operations intc..formal ones
begins in a small measure in the secondgrede,. increases
slowly through the third and fourth grades, until.in the
fifth and sixth grades formal thought represented approximately
one-sixth of all thought: units offered. This suggests an
earlier beginning of formal thought than has been. postulated.
There was, however, no comparative: data from untrained

classes available.

In her recommendations for further study, Taba.indicated

that more research is needed to-determine the.nature and the

.
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amount. of: concrete .operations-.required to create. a maximum
opportunity for making the transition into.formal thought,
and to ascertain the difference in the nature and duration
of this preparation according to ability, age,. and grade
level. Her data suggests that it is more fruitful to con-
sider the. development..of .thought as a continuous. stream

than . as an additive accretion of specific skills.

Her findings indicated that the most marked single
influence on cognitive performance was that the nature of
the guestions teachers ask is. especially influential in
either limiting or enhancing the capacity of students to
think. Finally, Tabe indicated that to study thinking,
adequately it is necessary to extend the testing procedures
to tap not only the products .of .students' thinking but also
their processes, for the ways of arriving at answers is as

important as the quality of the answers. (119: 179-180)

It is necessary, as..several experimenters .have pointed
out (24:17) (50:80) (10:4), that the approach to the
teaching of logical thinking in children be from a dual role,
namely, that while trying. to. improve the logical, we be

mindful of the psychological.

Berlyne observes:

. .Insufficient attention has
been paid to .motivational factors in
thinking. This..is largely because
of the ease with which artificial
motives .can be .induced in human
subjects with.sufficient strength
for purposes of an experiment. To
present a human subject with a problem
and to ask him.to. attempt a solution
is often all that is required, although
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the procedure may: be more effective
if praise or heightened self-esteem
or some token of merit is made to
depend on a successful outcome.

A high proportion of everyday
thinking .is, no doubt, prompted by
- comparable social pressures. But
we need to know what factors determine
“when thinking will occur  spontaneously
and at what targets it will be aimed.
Little or no research has been devoted
-directly. and intensively to these
factors, but some hints may be found
“among the date and theoretical ideas
that come out of work on human and
animal exploratory behavior. (10:4)

We try in our own formulation of thoughts and the
teaching of mathematical .ideas. to reflect consistency, but
do admit in general transactions that not everyone engages
precisely in this kind of thinking. Perhaps one of the
deficiencies of some previous research projects has. been
inattention to this factor, that people use words.. differently.
Perhaps there has been a deceptive regard for. language and

its role in cognitive development.

Indirectly, but relevant to this idea of .the concern
for the psychological is the atmosphere of the.premises.
Woodward and'SellS'(lé6) guessed that judgment..of the con-
clusion of a syllogism depends on the impression or
atmosphere created by the premises as well as by the. . logical
relations. of the premises.  Negative premises set up
negative. attitudes. . Affirmative premises set up an
affirmative atmosphere. And- conclusion in agreement with
the atmosphere thus engendered are likely to. be accepted.

There are complications, but specified predictions can be
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made from the atmosphere of the premises. Sells presented
syllogisms with a large percentage of invalid. conclusions
to a group of educated adults and found that of these B
invalid conclusions, those in agreement with his predic-

tions were accepted much.more often than the others. . {126)

Henry and Brown (50:): attempted to find the-logic

pervading all the disciplines and maintained:

In sum, .all the devices generally
associated with logical or critical
thinking or problem solving are generally
taught separately from the regular sub-
ject matter or giwven more emphasis than
usual. It is- generally a short course
or "unit" in logic or creativity or
reasoning, a shot in the arm supposedly
to carry the pupil through the rest of
the year. . .(50:29)

They were concerned with: finding the actual process the mind
must. go through when one is learning to understand the most
deductively necessary relations among concepts and the
creation of a structure for handing new concepts--"what is
the relation between the order of propositions.(the'logic

of subject matter) and the order of experience in learning

that logic of propositions?' (50:29)

What is perhaps more significant about the study is the
extensive examination of theory and rationale of teaching logic.
The project attempted to set up certain strategies of learn-
ing and researchers maintained:

1

1) that in all. disciplines idea runs ahead
of "stubborn facts" (information, data,
instances);
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2). that the mobilizing of. facts (instances). into
- categories is psychologically the .same. process
in all .disciplines;

3):° that structuring cencepts. (wvhatever: kind
:© they are: tragedy’,’ energy, . -imperialism,
-1ight, atonality’) into.a pattern is
logically the: same: eperational process.

- {50:98)

Henry and Brown emphasized throughout their report that a

pupil's: making an organizatdon: of his own by means of his

knowledge of logical form does help him to reason. = Further,
they supplied some evidence to the need of integrating logic
with subject matter. In. fact, their three major. hypotheses
were built on this idea: 1) That a common logic (a

similar set of strategiesrin‘thinking) runs through all
disciplines; 2) That pupils would think better if every
discipline were deliberately to emphasize the common strate-
gies. identified within this logic; 3) That a transfer of
traitlfing can be based on: this common logic, if. pupils were
taught these strategies under the same method of. concept

development.

Students of high school age were used in the. project
and those who were taught strategies of relation using two
different disciplincs, mathematics and Enéiish, improved
significantly in the eight weeks period. They did much
better than those taught only the strategies in one discipline,

but all improved except the control group.

HILL'S AND OSBORNE'S STUDIES

In order to measure .logical ability in children of
six, seven, and eight, Hill (51) devised a 100-item test

of three broad categories in elementary logic: sentential
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logic,. classical syllogism. and logic of. quantification.
Responses were "Yes" if the conclusion was valid and "No"

if it were not valid.. All. items. consisted. of two. premises,
a question, and two possible responses. In every item,

the child was required to discriminate between. a.necessary

conclusion and the negation .of a necessary .conclusion.

Mean scores of T1.18, 79.54 and 85.58, much. higher
than the 50.00 chance score,. were. obtained and Hill con-
cluded that the investigetion's results "are counter to
Piaget's theories,”" (51:76), that children, therefore, are

capable of hypothetico-deductive reasoning.

Osborne (85) asks the following questions:

1. Does success with the Hill test of
logical abilities show the existence of
a system or. organization of logical
operations or does it show the existence
of ability in component, and as yet
unrelated, facets of an organization of
logical abilities?

2. Do the children deml with the problem
hypothetically, considering the possibil-
ities on a non-actual level of thought
instead of the. child. in fact treating. the
. arguments in terms.of.the particulars?
-Does the child think:in- terms of the

reality of instantiation being a subset
‘"of the possible:. hypotheses?

3.. Does the child in reasoning escape. from
the phenomenological. present? If the
child is. given. the. conclusion in terms
of the particulars of the argument and
does not have to cast around for the
solution, does he have to indulge in
hypothetical thinking in a true sense?

In order to. reject the Piagetian
theory, it is necessary to answer each of
the three guestions in the affirmative.

(85:18)
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Osborne seriously questions where the child- thinks in
terms of the organizational model, whether the child is
using hypothetical thought.. Hill's test indicates that
children definitely have logical abilities at an. early age
but does not consider the interrelations of these of those
abilities or the "nature: of the child's treatment of reality

in terms of the arguments.' (85:19)

O'BRIEN AND SHAPIR(QC STUDY

O'Brien and Shapiro (83), in a paper delivered at the
American Educational Research. Association's convention in
February, 1968, on the "Development of Logical Thinking in
Children,”" felt that:

. behavioral manifestation of
hypothetical-deductive thinking
chosen by Hill was but one of several
possible behaviors. The problem was
that in each of the test items a
necessary conclusion followed from
“the premises and the task of the
student in each case was simply to
discern whether the third statement
given was the conclusion or the
negation of the conclusion. In no
case was the student called upon to
test the logical necessity of the
conclusion, a behavior which the
present investigators felt was vital
to an adequate consideration of
hypothetical-deductive reasoning.
Therefore, the present study was
undertaken to investigate this second
behavior and to determine the dif-
ferences, if any, between the ability
of young children to discriminate
between logically necessary conclusions
and their aebility to test the logical
necessity of a conclusion. (83:3)
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Two measuring instruments were used. Test. A was the

original Test of Logiceael: Abilities
"opened up" 33 of the original 100
necessary conclusion followed from
every item in test B a "Not Enough

to the "Yes" and "No" responses of

used by Hill while Test B
test items. so. that no

the premises and for
Clues" option was added

Test A.

_Test B, like Test A, contained content that. was familiar

but not suggestive and vocebulary that was appropriate for

first, second, and third graders.

confirmed Hill's original findings

Findings on Test A
with the exception that

while there were statistically significant differences between

age levels, the present data showed these differences to be

significant only between the means

of the six~-year olds and

those.- of the seven and eight-year olds. Little growth was

detected between age T and age 8.

With Test B, the scores were

significantly lower than

test A scores, because of. the 33 altered items. O'Brien

and Shapiro concluded thet children "peak out" early in their

ability of recognizing logically necessary conclusions.

They experience great difficulty in testing the logical

necessity of a conclusion and show

slow growth in this ability.

That these two behavioral manifesta-
tions of hypothetical-deductive thinking

occur at such different

levels among

children of the same age seems to bring
into question the challenge that the
original research gave to Piaget's theory

regarding the growth of

this kind of

logical thinking in children.

It seems clear that for one reason
or another, children avoided the '"not

enough clues' response,

thus indicating

an avoidance of '"open" situations. What



32

the reasons for this behavior might be
at present is unknown to the investi-
gators. What: is known is that the

- existing primary school curriculum

seems to have had little effect (at
least immediately) on children's
tolerance of or sbility to recognize
"open" situations. (83:11)

0'Brien and Shapiro, with Osborne, agree that caution

is needed in interpreting the findings of Hill. In fact,

the authors suggest that more guestions are raised by their

study than answers. Some of these are:

In what ways does: the children's ability to
test for logical necessity develop at later

ages? At what age does it begin to peak out?

What is the relation between a child's
performance on a paper-and-pencil logic test
and his performance of logical operations in
everyday life situations? Further, in the
light of current interest in children's ability
to deal with symbolic logic, what is the
relation between. the children's ability in-this
regard and the two- logical abilities previously

mentioned?

What systematic influences, if any,. can be
brought to bear to increase children's ability
to test for logical necessity and to derive

conclusions in hypothetical situations?
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CORNELL. CRITICAL THINKING STUDY

In the long range project in Critical Thinking
Readiness in Grades 1-12 under the direction of Robert
Ennis at Cornell University, the first phase was concerned
with deductive reasoning in: edolescence. Ennis and
associates (35), while giving operational definitions of
critical thinking and in defining their problem indicated
that "logic is that part of critical thinking which deals
with whether a conclusicn follows necessarily from the
premises that are offered in support of it." (35:II=2 and
II-3)

Two of the most common types of logic were used, con-
ditional and class logic, with basic elementary principles,
twelve in number, used for each. The principles were
grouped according to conversion, negation of antecedent,

contraposition, transitivity, and "only-if" principles.
1Y

Subjects of the study were 803 students in grades
L-12 with approximately one class in each grade taught logic.
Grades 5-7-9-11 worked with conditional logic while grades
4-6-8-10-12 had class logic. More detailed explanations
of the type of questions are given in Chapter III which
describes the types of items used in the current study. The
class and conditional reasoning tests were adapted, with the
permission of the director. of the project, Dr. Robert Ennis,

from this phase of the Cormnell Critical Thinking study for

this investigation.

Ennis found that there is a fairly gradual improvement
in knowledge of logic from age 10-18 among students who were
not given any special training in logic. While. the improve-
ment held for logicel fallacies and transitivity, it did not

hold for contraposition.- Basic principles of class and
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conditional logic were not generally mastered. by. students
aged 11-12 who had not received special instruction 1in
logice. At age 17, students not receiving instruction in
logic definitely had not mastered the basic prineiples of
conditional reasoning but: were much closer. to: general

mastery of the basic principles of class reasoning.

Class logic appears: to- be much easier all along the
line than conditional logic. An increase in mastery of
contraposition cccurred under instruction while an increase
in mastery of transitivity did not. No relationship was
found between sex and knowledge of logic and fairly small
correlations were found between socio-economic. status and
knowledge of logic. Correlations between knowledge and
chronological age were significant and medium in children

of age six.

Ennis claims that Piaget's studies did‘suggest

certain questions:
1. Is there actually a development of
logical ability =ws children grow older?

2. Does this development (if there is any)
come in stages?

3. Is conditional logic mastered by age
11-127 -

L. Is class logic mastered by 11-127?

5. Is the truth-validity characteristic

(essentially the mastery of the
suggestive component ) achieved by age
l1i-12¢

6. Within each type of logic is there a
development of one sort of thing
before another such that some things
are more difficult than others at a
given level?
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Answers to the first five of these
questions are suggested or indiceted in the
literature and are fairly obvious and routine
for anyone who' has worked with children and
thought about the questions. The answers
are as follows:

1. Yes

2, That depends on what you count as a
stage, but gross plateaus extending
over a period of years were not evident.

3. Partly
L. Partly

5. Partly

The sixth question is an extension of
the third, fourth, and fifth in that it 1is
concerned with the extent to which various
parts are mastered, It is the sixth
question which is. the interesting one to
our minds and is the one toward which this
study has made contribution, if it has made
any contribution in the area of the natural-
cultural development of logic. Part of the
contribution lies in the formulation of the
guestion and part lies in the empirical
findings. The latter part is inevitably
gquite modest because of the size of the
group and the fact that it is composed of
students from only one small part of the
world. (35:VIII-16)

Ennis indicated in his summary that the basic principles
of neither class nor conditional logic are mastered by age
11-12 among students not receiving instruction in logic;
that students at 17 not receiving instruction in logic

definitely had not mastered the basic principles of conditional

reasoning.
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This crucial finding has definite implication for
the researcher of this study in attempting to determine
just what principles were learned from the instruction in
logic and which ones, at - different age levels:, were either
not mestered or had already been learned in some other way

than formal instruction.



CHAPTER TII

RESEARCH DESIGN

This study was designed to ascertain the effects
of teaching logic to children in grades three and six.
A primary question to be answered was whether logic
interwoven with mathematics or logic taught separately
produced the best results on a logic test and on mathe-
matics achievement. Since.the teachers teaching the
logic needed in-service training, it was necessary to
establish two control groups, one with in-service only

and one with no in-service.

Twenty-five teachers from 16 schools in the
Archdiocese of Detroit were randomly assigned to one of
four treatments. There were 511 students in 13 classes

in grade 3 and 589 students in 13 classes in grade 6.

TREATMENTS

Four treatments were designed:

Treatment LM: Logic was taught and interwoven into

the regular mathematics instruction for grades. three and
six for approximately eight weeks. Time for teaching
logic was taken only during the mathematics period and in

this treatment, it was interwoven and integrated with the

mathematics instruction.

37
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Treatment L: Logic was taught to students. in grades

three and. six. but not integrated with mathematies instruction.
The only time taken for the teaching of.logic was. during
mathematics period, but in. this treatment, this instruction

was not integratéﬁ with mathematics.

Teachers in both treatments LM and L attended. a two-
hour in-service training ecless in logic each week for: nine
weeks, beginning one week before the project started and con-
tinuing during the project. Total teaching time for logic

was 16 hours of instruction.

Treatment I1: No logic. was taught but teachers attended

in-service classes for two hours during a nine-week period.
Content of these sessions was. determined, for the most part,
by the specific topiecs which the teachers were covering at
the time of the in-service training. This included, for
grade three, additional work in multiplication and division,
non-metric geometry and metric geometry such as measurement
of length, area, liquid, and weight; daditional work in place
value and subtraction, with consistent attention throughout

on problem-solving techniques.

In grade six, topics considered at in-service classes
were negative numbers, geometry, measurement,. sets,..place
value, decimals and fractions, numeration systems, ineguali-
ties, and again during these classes, techniques. of problem-
solving. One in-service class was devoted to enrichment

topics.

. Treatment C: This is the control group.. No.loéic

was taught and the teachers did not have in-service training

of any kind either in mathematics or logic.
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In all groups, the following tests were administered,
both. as pretests in December, 1967, and as pasttests in

March, 1968.

1. Cornell Class Reasoning Test. (adapted)
Cornell Conditional Reasoning Test.. (adapted)
3. Wisconsin Contemporary Elementary. Mathematics

Test, Form A, grades 3-4 for grade 3; Form A,
grades 5-6, for grade 6.

Treatments LM and L were given a final logic. test
during the week of March 11, 1968, and the same test as a
retention test during the week of May 6, 1968.

POPULATION

Tegchers and students participating in the project were
from selected schools in the school system of the. Archdiocese
of Detroit. There were 25 teachers from 16 schools located
in middle class neighborhoods. Notices were sent to schools
requesting volunteers for the project and asking.that.i) students
be either average or above average; ii) teachers have had
no previous experience in logic and iii) teachers not be
beginning teachers. No attempt was made to contrcl the
socio-economic backgrounds of either the teachers or. the
students. Classes were assigned randomly to teachers for

the different treatments.

Students were in the third and sixth grades. with average
or sbove-average intelligence as indicated by school records,

teacher reports, and scores on the California Test of Mental

Maturity.
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CONTENT OF MATERIAL - TAUGHT IN.TREATMENTS LM AND L

In outline form, .the following topics were..inecluded
in the eight weeks of classes given to the students.: Total
time weas approximately 16 hours of instruction. A rigid
schedule of a given number of minutes per day was not

followed because of difference. in grade level and local

situations,

Rather than determining that. a specific amount of-logic
content should be taught each day, it was decided that it
would be better not to be too rigid about this . because of
differences in- locale, school programs, holidays, etc.
However, since each teacher in treatments LM .and.L attended
classes each week, there was a strong tendency, within a
week's time, for all to be about in the the same.place in the
sequential logic units. Experiences were shared and much
opportunity was given for exchanging ideas and discussing
student reactions and teacher observations at these two-hour
weekly sessions. Also, the director of the project was on
call for each teacher in the project and there was added
"instruction" over the phone when specific incidents had

occurred during the project time.

OUTLINE OF CONTENT

I. Class Logic
A. Categorization
1. Sets, set membership, set operations

2. Relations between sets: inclusion,

exclusion, empty set

3. Simple inferences to be made from set

ideas
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B. Relation of sets such as universal sets, set
inclusion with universal statements such as:

Al11 A's are B's; No A's are B's

C. Necessary Symbolism

SENTENCES, STATEMENTS, TRUTH-FALSITY

A, Ideas of sentences, statements, truth-falsity
B. Negation of simple statements and sentences
cC. Definitions and "reversible' statements

such as: No A's are B's and no B's are A's.
D. Connection between reversability and the

idea of converse.

IMPLICATION
A. Informal approach to the if-then statements
1. What they tell
2. What they don't tell
B. Inferences made from if-then statements such as:

modus ponens, modus tollens

C. Relation of implication to class logic:
informal approach including the use of

Venn diagrams

D. Converse and intuitive use of validity;
with third grade, use of "O0. K." and "Not O. K."
to determine if ideas followed validly from

initial statements.
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Iv. COMBINATION OF STATEMENTS: CONJUNCTIONS. AND.DISJUNETIONS

A. Connective agd: -~ conjunction
B. - Truth and falsity of conjunctions with

-stress on meaning of and

C. Disjunctive or: intuitive idea. of. exclusion

and 1nclusion

D. Truth and falsity of disjunctions with

stress on meaning of or

V. CHOICE MAKING OR DECISION MAKING

A, Relating of ideas in I-IV by means of

diagrams, Euler circles

B. Inferential statements based on major ideas

in preceding sections

c. Recognition of probable inference--that
there is not always an absolute, a "right"

answer

D. Relation of logical concepts to some basic

notions in mathematics such as inequalities.

With the LM group, there was a consistent attempt to
bring in mathematical ideas with the teaching of logical
concepts. This was avoided in the L treatment. A-deliber-
ate attempt was made to include logic vocabulary .as precisely
as the maturity level of the students warranted, but at times,
this created a problem. - For example, it was .discovered more
meaningfﬁl to use "0. K." to indicate that conclusions followed
necessarily from the premises with third graders.. This' was

not necessary in the sixth grade.
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A concerted effort was made to be careful of. the language
used, distinguishing'vocabulary.mainly.from"three”aspects:
ordinary and/or colloquial usage; mathematical usage. which is

technicel, including the logicalj mathematical .colloguialism.

CORNELL CLASS AND CONDITIONAL REASONING TESTS

In 1961, Dr. Shirley Hill devised a test to measure
the degree of knowledge of logié among six, seven, and
eight-year olds. Her test, satisfactory for group adminis-
tration, was based. on an attempt at a comprehensive  coverage
of basic principles of valid arguments in class and- sentence
logic. -~ However, it was considered not satisfactory for

purposes of this study.

All of the proposed conclusions on the Hill test
either followed necessarily or contradicted the premises,
not allowing for probable inference. An example of this is
the following where students were asked to answer "Yes" or
"NO" .

If Jack is in the race then Joe will not win.

Jack is in the race.

Will Joe win?

There are various classes of invalid arguments, and
among. them, those in which the conclusion contradicts the
premises and those in which the conclusion whiech, while it
doés not.follow the premises, yet does not contradict them.
This involves the situation in which, under certain. conditions,

the conclusion could be true.
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In logic and mathematics:;, one cannot. assume. the truth
of the converse but there are specific instances. where the
converse is true. "For example, in mathematics,. two lines
which are in the same plane- and do not intersect are
parallel. Its converse 1s true .also: Parallel. lines are
those which are in the same plane and do not intersect.

It seemed that this important distinction wes missing on

Dr. Hill's test.

To secure separate measures of some of the basic
principles of logic, the Cornell Deduction Tests, in an
adapted form were used. "Dr. Robert Ennis, director of the
Cornell Critical Thinking Project at Cornell University,
gave permission for the use of the tests. Only certain
principles were used on the adapted form. There. were two
separate tests, class reessoning and conditional reasoning.
They were administered as a pretest in December, 1967, and
as a posttest in March, 1968, to students in all treatments.
In these tests, there was provision for the maybe situation,
in which the ccnclusion, under certain conditions, could be
valid. The "maybe" situetion occurred when there was not

enough- information given.

LOGICAL FORM OF ITEMS IN THE CLASS AND CONDITIONAL
REASONING TESTS

The original Cornell test was constructed in such a
manner that it tested for knowledge of twelve principles or
combinations of principles.- Six items were assigned to
.each principle or combination of principles. The adapted
test, used in this study, consisted of items .testing seven

principles with three items assigned to each principle:- There
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were 21 items in class reasoning and .21 items. in. conditional
reasoning. - In tables 3.1 and 3.2..i1s summarized. the basic
principles used in the adapted test. The complete. .tests

are in Appendix A, table A.l and A.2.

THREE CONTENT COMPONENTS

Wilkins. (1928) specified four types of content:
concrete familiar, symbolic, unfamiliar, and suggestive--and
attempted to see which kind made syllogisms mere. difficult,
The Cornell tests included three of the . four but excluded

unfamiliar. The four types are. described as follows:

a. ' Concrete familiar. - The content mentioned 1is

concrete articles and qualities with which the subject has
been associated. However, no statements are made. which: the
subject has reason to believe to be. true or false. because
these specific objects might not be known by the subject.
For example, instead of saying, "All cats are black," a
statement with which the subject is likely to disagree, a
statement might be "Mary's cats are black." The latter is
less likely to meet with agreement or disagreement, although
there is still the possibility of disagreement, if the
subject identifies the Mary of the statement with some Mary
he knows.

b. Symbolic. Symbols like 'x', 'y', 'A' and 'B'
are used in key places, instead of terms that refer to
particular objects. An example of a sentence. using symbolic

content is "All A's are B's."

C. Unfamiliar. - The btasic terms are scientific terms

with which the subject is expected to be unfamiliar or
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"nonsense words invented to sound like scientific terms."
For example, "All hentras are globiculous" is a sentence
with unfamiliar content. The Cornell researechers did not
think that this unfamiliar content is likely to-be en-
countered in situations that make a difference. . When a
person meets arguments with such content he will generally
not know what to do with the conclusion anyway. - The
investigator in this study agreed with them and did not
feel that this was a major portion of logical thinking of

interest at this time.

d. - Suggestive. The content is familiar but the

truth status of this content is known by the subject.
Furthermore, the truth or falsity cf these statements
(conclusions) is at variance with their validity. In-other
words, the truth status of the cvonclusion was .different

from the validity steatus of the argument. A person might
be tempted to make an argument invalid because he disagrees
with it. In the adapted form used in this study, there

was only one suggestive item on the class reasoning and

only one on the conditional reascning.

In tables 3.3 and 3.4 1s a summary of these content

components of the adapted Cornell test.

In the original Cormnell Deduction tests, four of the
items in each item group had concrete familiar content, a
fifth had symbolic content and a sixth had suggestive content.
There were some formal variations. Basic logical symbolic
form was assigned to each group. (See tables 3.1 and 3.2).
This basic form was used for two of the concrete familiar

items, shown under CF. 1 and CF 2; the symbolic, SY; and

suggestive, SU. The third and tourth concrete familiar items,
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CF 3 and CF 4, involved slight formal change in. order to
provide greater variety in the representatives of each
principle of combination.' -~ Because class and conditional
reasoning differ in their basic structure, these varia-

tions differed.

In the conditional reasoning test, the third con-
crete familiar item negated the conclusion unless there
were good reasons not to do so. That is, if the conclusion
called for by the basic symbolic form is positive, the one
provided is negative; and if the conclusion called for is
negative, then the one provided is positive. Reasons for

not doing this are two:

i) If the basic form is invalid, then denying the
conclusion reduces the temptation to judge it valid, making
the item considerably easier. So for those four item groups
or winciples in which the basic form is invalid, the third

concrete familiar item conformed to the basic form.

ii) If the conclusion itself is a conditional state-
ment, a denial of it becomes awkward to state. Note that
the denial of "If Sam misses the bus, then he will walk to
school" is not "If Sam misses tbe bus, he will not walk to
school”" which is not awkward to state. Instead, the denial
is "It is not the case that if Sam misses the bus he will

walk to school" which is awkward.

The fourth concrete familiar item in conditional
reasoning varied from the basic form by having one of the
basic sentences negated throughout and by having premises
in different order, when there are two or more premises: In

class reasoning, the third concrete familiar item contained
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at least .one class membership statement.in the premises

instead of all class incilusion- and exclusion.

A ctlass

membership statement asserts the membership or nonmember-

ship of one thing in a class whereas the class..inelusion

or exclusion statement speaks about the relation between

classes. -

The fourth concrete familiar item in class

reasoning contained at least one statement of partial

inclusion.

Item Format

The Cornell reasoning test sought an item .format

would meet the following criteria:

Provide a way for a subject to show
that he knows that: a proposed conclu-
sion does. not follow, even though

it does not contradict the premises.

Avoid technical language, yet ask

whether or not an argument is valid.

Provide more than two alternatives in

multiple-choice form.

Provide fairly equal numbers of each

type of answer.

Allow for separation of different items

of the same logical form.

Be understandable to fourth graders

without insulting twelfth graders.

that
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g. Avoid confusing truth and. validity.
h. Not reguire elaborate directions.
i. Not require elabormte scoring

procedure.
J- Minimize irrelevant errors.

After much experimentation and discussion, the Cornell
researchers settled upon a format which asks the subjects
to suppose certain premises and to decide further, on the
basis of the supposition, a further thing would be true.
They called the further thing the "proposed statement” and
the original supposition the "supposed statement." There

are three possible answvers:

"Yes" which indicates that the subject thinks the

proposed statement follows necessarily;

"No" signifies that the proposed statement contradicts

what has gone before.

"Maybe" means that the proposed statement .neither
follows necessarily nor contradicts--that its truth is not

necessarily determined by the establishment of the truth of

the premises.

The "No" response was introduced partly in order to
make possible three choices instead of the two suggested by
the distinction between the validity and inwvalidity. - The
Cornell researcher wanted three choices in order to lessen

the attractiveness of wild guessing and to lessen the chances
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of its success. The "No” response was.introduced as a
correct answer by teking conclusions to velid arguments
and then denying them. For the "No" response, the pro-
posed statement is then a denial of a conclusion that
follows necessarily from the supposed statement.. The
second reason for having a' "No" response is that by doing
so, it enabled the testers to avoid a preponderance of

"yes" answers over "'Maybe'" ansvers.

The "No" response involves a risk--namely, there 1is
an additional principle involved in each of these items;
that the denial of a statement which follows necessarily
from supposed statements cannot be accepted, if the sup-
position is accepted. This principle is elementary but
it must be invoked. Failure to invoke it, as contrasted
with failure to know the: basic principles, could explain
errors that are made. Reasons for failure on these items

could be difficult to determine precisely.

WISCONSIN CONTEMPORARY ELEMENTARY MATHEMATICS TESTS

The Wisconsin Contemporary Test of Elementary Mathe-
matics (WCEM) is a new test. The content focuses on
those mathematical facts and concepts which have been in-
troduced into elementary mathematics curriculum end tests
primarily since 1962. It is designed to measure modern
mathematics achievement at the end of grade 3; all of

grades 4, 5, 6; and the beginning of grade T.

Although the test is divided into two parts, facts and
concepts, total scores were used. It was felt that dis-
tinction between facts and concepts are made .with a great

deal of thought to the instructional experiences of the
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child at the time that he was taking the test.. There
appeared to be no significant.differences. between the
types of items in the two paerts for the purposes for
which it was to be used. Therefore, no distinction

was made. between these two parts.

The Wisconsin Contemporary Test of Elementary
Mathematics (WCEM) is a broad-spectrum contemporary test
built to provide up-to-date measurement of .the skills
and content common to many mathematics programs .now in
use. The content of the test represents the middle part
of the continuum which begins with extremely traditional
mathematics and goes to extremely modern range. The
Wisconsin test authors maeintain that they have: selected

the middle range of this continuum.

ITEM INFORMATION

Items on the WCEM can be put into three broad

categories:

1. Fundamentals
2. Operations
3, . Measurement-Geometry
Each of these has from 8-10 items. In the fundamentals

are included numeraetion and sets; in operations are in-
cluded addition, subtraction, multiplication, division of
integers and raticnal numbers. In the measurement-
geometry section are included all of the items related to
metric and non-metric geometry. Items selected for
final inclusion in the test had the following general

characteristics:
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1. Difficulty from 5% to 98% with
mean difficulty approximately
50%.

2. Cerrelation with total test

“score ranges from .45 to .90
with mean correlation approximately

.60.

There were 52 items in the total test for grades 3-14
with 26 in the facts section and 26 in the concepts sec-
tion. In the grade 5-6 WCEM were 30 items on facts and

30 on concepts.

The Wisconsin Contemporary Test of Elementary
Mathematics was administered to all students in every
treatment as the pretest in the latter part of December,

1967, and given as a posttest in mid-March, 1968.

An additional analysis of sub-categories in mathematics

and logically-related items is made in Chapter 1IV.

LOGICAL THINKING TEST

In an attemp? to measure the kinds of logical think-
ing principles taught to the students in treatments LM and
L, an instrument of L7 items ;;s devised by .the investigator
for administration at the end of the teaching projects in
mid-March, 1968. Eight weeks later, in the first part of
May, the same test was administered as a retention test.
In contrast to the previous instruments, there were questions
which involved students actually supplying conclusions to
syllogisms as well as statements of negation and class
reasoning. A copy of this instrument is in.. Appendix A,

Table A.3.



61

This test was directly related to the content of
the logic taught in the project. Items on the test were
placed into several different categories, not all of which
were disjoint. These categories are: i) .negations;
ii). mathematical; iii). non-mathematical; iv)..ideas
contrary to reguler or ordinary experiences; v) .ideas
contrary to mathematical experience; vi) symbolic;
vii) class and conditional reasoning (similar to those
on the Cornell reasoning tests). Also, items were
separated into "Yes", "No", and "Maybe" categories.
These categorizations do not involve a partitioning of
the set of items but were classified in order to identify

areas of strength and weakness.

DESCRIPTION OF TYPES OF ITEMS ON LOGICAL THINKING TEST

Under the non-msthematical category were items on
Venn diagrams which had nothing to do with mathematics
per se, the writing of negations, completion statements
where students were regquired to write their own con-
clusions; judgment of validity of conclusions and. determining
"Yes," "No," or "Maybe" to questions asked concerning the

validity of certein arguments. Some examples are given here.

NON-MATHEMATICAL EXAMPLES

1. Use the diagram and write one true sentence:

smart people

children
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L, Write the negation for: ~ All cats have tails.

23. Study the first two statements in each and then

complete the sentence:

Suppose that all girls like to play with dolls and

Til1lie is & girl, then: . L .

29. Check 0. K. if the comneclusion follows from premises;

Not O, K. it it does not.

If Mike is a dog, then he is an animal.
Mike is an animal.

Therefore, Mike is a dog.

0. K. Not O. K.

MATHEMATICAL EXAMPLES:

3. Use the diagram and write one true sentence.

even odd
numbers numbers
8. Write the negation for: All squares are.rectangles.
9. Study the first two statements and then complete the

statement :

If all triangles are polygons and ABC is a triangle,
then
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25. Show whether the conclusion is 0. K. or not O. K.,

that is, whether it follows from the given sentences

or not:

All numbers divisible by 6 are whole. numbers.

Therefore, all whole numbers are divisible by 6.

0. K. Not O. K.
39, In answering the guestion below, use only what you
are told in each exercise. There are three

possible answers.

Yes. It must be true.
No 1t cannot be true.
Maybe. You caen't be certain. It

mey be true or it may not
be true. You are not told
enough information to Dbe

certain it is Yes or No.

If the figure is a circle, then it is a closed curve.

If the figure is a closed curve, is it a circle?

Yes No | Maybe

EXAMPLES OF NEGATION

Examples 4 and 7 given in the mathematical and non-

mathematical examples illustrate negations as .do the following:
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10. Suppose if the figures are polygons, either. they are

triangles or they are-rectangles.
The figures are polygons.
The figures are not triangles.

Are they rectangles?

36. If it snows, then Lulu does not go to school.
Lulu does not go to school.

Therefore, it is snowing.

0. K. Not 0. K.

Note that in the negations, it was difficult to make a
judgment on whether the "atmosphere" was negative or not.
Therefore, it was determined that any item which had a
negative expression such as "not" or "it is false that"
would be considered under the category "Negation." Note
that except for mathematical and non-mathematical, the

categories are not necessarily disjoint.

EXAMPLES OF SYMBOLISM

15. In each of the following show whether the sentence
ig true or false. Mark T for true; F for false.
S AN\ J
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Lo. All A's are B's.
All C's are B's.

Are some A's also C's?

Yes No Maybe

EXAMPLES OF ITEMS INDICATING IDEAS CONTRARY.TO ORDINARY
EXPERIENCES

25.

38.

Suppose that lemons are bigger than pineapples

and pineapples are bigger than. basketballs, then

If all third graders are dogs, then they can meow.
All third graders are dogs.

Can they meow?

Yes No Maybe

EXAMPLES OF ITEMS INDICATING IDEAS CONTRARY.TO.MATHEMATICAL
EXPERIENCE

26.

37.

Suppose that all numbers which are divisible by 3

are even and 10 is divisible by 3, then

If two numbers are even, then their sum is odd.
These two numbers are even.

Therefore, their sum is odd.

0. K Not 0. K.
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There are separate categories. indicated for "Yes,"

"No," and "Maybe" correct answers as indicated in the

analyses in Chapter IV. Included in this summary are
sections where"0. K." was a correct answer and.''Not 0. XK."

was a correct answer.

With exception of the Wisconsin Mathematics tests,
all of the instruments of evaluation contained much logic,
most of it, however, not directly related to mathematics
per se. Only in the logical thinking test administered
to treatments LM and L were comparable items included which
emphasized the same logicael principle: one of a mathe-

matical nature and one of a non-mathematical nature.

ATTITUDE TEST

A five-point scale of attitudes toward subjects and
topics in the student's school curriculum was. administered
at the end of the project to a2ll participants in the project.
Faces were drawn, with expressions ranging from the most
miserable to the most delighted, indicating on & five-point
scale, how the student felt about the subject or topic.
A box in between the happy face and the middle face, for
example, shows a medium liking. If the child liked the
subject very much, he would put a 5. If he disliked 1t

very much, he would put a 1.

Topics included on the attitude scale were: school,

science, reading, mathematics, addition, subtraction, and

logic.



CHAPTER FOUR

ANALYSIS OF DATA

In the initial section of this chapter, analysis is made of the age
and intelligence of the sample populations. The next section presents the
analysis of the results from the Class and Conditional Reasoning tests and
the Wisconsin Contemporary Elementary Mathematics tests., A major portion
of this section is devoted to analyzing strengths and weaknesses at each
grade level of the extent to which basic logic principles were learned.

Following this is the analysis of the scores on the Logical Thinking
Test administered as a final and retention test only to those students in
treatments LM and L. Concluding this is a brief analysis of the attitude

test results administered to all students.

o

DESCRIPTIVE DATA

INTELLIGENCE _

The intelligence quotients were taken from the California Test of
Mental Maturity, administered at the schools for appropriate levels for
both grade three and grade six. Analyses of variance of the I.Q. and age
in months are reported in Tables 4.l and 4.3. The differences in the I.Q.
in the third grade were significant, p < .05, only in the pairwise compari-
son of LM+ L with I + C as shown in Table 4.2 There were no significant
differences in third grade in the pairwise comparison as shown by the

Scheffé test reported in Table 4.2.

67
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TABLE 4.1

ANALYSIS OF VARIANCE OF I.Q. FOR GRADES 3 AND 6

SOURCE OF
VARIATION

Between groups

Within groups

TOTAL

GROUP

LM

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

*F = 2,62 significant at .05
*F = 3.83 significant at .01

111.03
110.82
108.60

107.69

" 507

510

MEAN
110.88
117.11
116.72

114.61
DF

——

585

588

GRADE 3

EFFECT
1.12
0.91

-1.32

-2.22

SUM OF
SQUARES

946.33

42179.88

43126.21

GRADE 6

EFFECT
-4.,23

1.99
1.60

-0.51

SUM OF
SQUARES

3265.03
104249.89

107514.92

STANDARD DEVIATION

10.35
7.13
9.26
7.93
MEAN F RATIO
SQUARE
315.44 3.79
83.20

STANDARD DEVIATION
13.02

13.60
15.16

11.76

MEAN F RATIO
SQUARE

1088.34 6.11

178.20

205
111
114
81
SIGN.
LEVEL

.05

N
119

202
113

155
SIGN.
LEVEL

.01
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In grade six, there was a significant difference, p < .01, for the
following pairwise comparisons as shown in Table 4.2. L was higher than
LM, p < .01; I over LM at p < .05; but all other pairwise comparisons,
including LM+ L and I + C, were not significant. Since there were differ-

ences in I.Q., convariance analyses were necessary.

AGE
Average chronological age of third graders was 8.68 years or 104.13
months and of sixth graders 11,57 years or 138.87 months. Analyses of

variance produced no evidence of significant differences in ages among the

groups,
TABLE 4.2
SCHEFFE TEST FOR DIFFERENCES IN I.Q.
PAIRWISE SIGN. LEVEL HIGHER MEAN SIGN. LEVEL HIGHER MEAN
GROUPS GR. 3 GR. 3 GR. 6 GR. 6

LM-L NS LM .01 L
LM-1 NS LM .05 I
LM-C NS LM NS c
L-I NS L NS L
L-C NS L NS L
I-C -~ 'UNs I NS I

(LM+L) - (I+C) .05 LM+L NS I+C



GROUP.

LM

SOURCE OF
VARIATION

Between Groups
Within Groups

TOTAL

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

70

TABLE 4.3

ANALYSIS OF VARIANCE OF AGE IN MONTHS

MEAN

103.53
103.82
104.23

104.94

507

510

138.70
138.83
138.94

138.99

585

588

GRADE 3

EFFECT
-0.44
-0.15

0.26

0.97

SUM OF
SQUARES

125.41
13058.20

13183.62

GRADE 6

EFFECT
-0.17
-0.04

0.07

0.13

SUM OF
SQUARES

6.72
12812.95

12819.67

STANDARD
DEVIATION N
5.17 205
5.03 111
4.81 114
5.26 81
MEAN SIGN.
SQUARE F RATIO  LEVEL
41.80 1.62 NS
25.76
STANDARD
DEVIATION N
A 119
5.12 202
4.83 113
4,13 155
MEAN SIGN.
SQUARE F_RATIQ LEVEL
2.24 0.10 NS
21.90



71

CORNELL REASONING PRETEST

The class and conditional reasoning tests as described in Chapter
III were taken by all students in all treatments in‘both grades. All
of the third graders had their tests read to them. Analysis of variance
of pretest data is reported in Tables 4.4 and 4.5. There were significant
differences in Grade 6 conditional reasoning and Grade 3 class reasoning.

Pairwise comparison using the Scheffé test (Table 4.6) showed in
grade 3 that there was a significant difference at the .05 level between
treatments LM and I, and LM and C with LM having the higher mean in both
cases. There was a significant difference, p < .0l, between the LM + L
groups as contrasted with the I + C treatments in grade 3 also with LM +
L having the higher mean.

In the sixth grade, pairwise comparison showed a .05 level of signi-
ficance between LM and I with LM having the higher mean and a .05 level of
significance between L and I with L having the higher mean. There was no
significant difference in either grade in conditional reasoning pretest

and class reasoning pretest between boys and girls.

CORNELL REASONING POSTTEST

Since there were differences in the Cornell Reasoning pretest among
the groups, covariance was used in analyzing posttests. Covariates used
were 1.Q. and Cornell pretests.

Results of the analyses of covariance are reported in Tables 4.7 to
4,10, For all analyses of covariance, p < .01 for class reasoning and

conditional reasoning in grades 3 and 6.
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TABLE 4.4

ANALYSIS OF VARIANCE OF CLASS- REASONING PRETEST

GROUP

LM

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

GROUP

LM

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

12.79

12.59

11.70

11.43

507

510

14.57

15.02

14.39

15.08

585

588

GRADE 3

EFFECT '

0.50
0.31
-0.59

-0.86

SUM OF

SQUARES- " -

159.66
5281.05

5440.71

GRADE 6

EFFECT

-0.25
0.20

-0.43

0.25

SUM OF
SQUARES”

46.63
4915.00

4961.64

© - STAND. DEVIATION

MEAN
SQUARE" -

53.22

10.42

3.24
3.26
3.21

3.17

F RATIO

5.11

10.42

© - STAND. DEVIATION

MEAN

2.82
2.97
2.82

2.92

SQUARE"

15.54

8.40

F RATIO

1.85

=

205

111

114

81

|=

119
202
113

155

SIGN.

NS



TABLE 4.5

ANALYSIS OF VARIANCE' OF CONDITIONAL® REASONING PRETEST

GROUP MEAN
LM 9.65
L 10,07
I 9.42
C 9.22
SOURCE OF

VARIATION DF
Between groups 3

Within groups 507

TOTAL 510
GROUP MEAN
LM 10.92
L 10.71
I 9.74
c 10.66
SOURCE OF
VARIATION DF
Between groups 3

Within groups 585

TOTAL

588

GRADE 3

EFFECT
0.03
0.45

-0.20

-0.40

SUM OF
SQUARES’

40,24
2853.62

2893.86

GRADE 6

EFFECT
0.36
0.15
-0.81
0.11

SUM OF
SQUARES

96.53
5031.04

5127.57

STAND. DEVIATION N
2.30 205
2.62 111
2.24 114
2.37 81
MEAN
SQUARE E_RATIO SIGN
13.41 2.38 NS
5.63
7/
STAND. DEVIATION N
2.65 119
3.18 202
2.62 113
3.01 155
MEAN
SQUARE' F_RATIO SIGN.
32.18 3.74 .05
8.60
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TABLE 4.6

SCHEFFE TEST FOR DIFFERENCES IN CLASS AND
CONDITIONAL" REASONING PRETESTS

Class Reasoning Pretest

SIGN. SIGN.
PAIRWISE LEVEL HIGHER MEAN LEVEL HIGHER MEAN
GROUPS GR. 3 GR. 3 GR. 6 GR. 6
LM-L NS LM NS L
LM-1 .05 LM NS LM
LM-C .05 LM NS c
L-I NS L NS L
L-C NS L NS C
I-C NS I NS c
(LM+L) - (I+C) .01 LM+L NS LM+L

Conditional Reasoning Pretest

SIGN. SIGN.

PAIRWISE LEVEL HIGHER MEAN LEVEL HIGHER MEAN
GROUPS GR. 3 GR. 3 GR. 6 GR. 6
LM-L NS L NS LM
LM-I NS LM .05 LM
LM-C NS LM NS LM

L-I NS L .05 L

L-C NS L NS L

I-C NS I NS c

(LML) - (I4C) NS LML NS LML
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In grade 3, the adjusted mean was highest for LM and lowest for 1
with L and C about the same., Almost the same kind of pattern can be
seen on the conditional reasoning; LM is the highest with I and C the
lowest. Using 1.Q. as covariates, LM and L have an obvious advantage
over I and C. The absolute difference favoring LM and/or L is in the
neighborhood of one point. Overall, there was a decided advantage in
grade 3 on this reasoning test for students taught logic interwoven with
mathematics.

Using Scheffé test for pairwise comparison with Class Reasoning
pretest as covariate, scores of students in the LM group differed signi-
ficantly, p < .01, over I but that was the only significant difference
in the Class Reasoning posttest, With I.Q. as covariate, LM differed
gsignificantly from I at the .01 level and the group taught logic, namely,
LM and L, differed significantly, p < .01, from the group not taught
logic, I and C. (Table 4.11).

In the conditional reasoning in third grade, with I.Q. as covariate
and also with conditional reasoning pretest as covariate, there was a
significant difference, p < .01 of LM over I and LM over C and also of
the logic groups over groups not taught logic. (Table 4.11).

In the sixth grade in all ceawew, the L and LM groups were substanti-
ally higher than I and C, with a one to one-and-a-half point advantage.
But the L group was consistently better than the LM group, contrary to
grade 3. Thus it appears that logic taught alone produced better results
in grade 6. One can only conjecture that this indicates that the students
in grade 6 are better able to work with logical ideas divorced from the

subject matter content at this level than might occur at grade 3.
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TABLE 4.7

ANALYSIS OF COVARIANCE OF CLASS' REASONING POSTTEST
SCORES WLITH CLASS: REASONING PRETEST AS COVARIATE

GRADE 3
Correlation = .463
ADJUSTED
LM 14.59 14.30
L 13.35 13.17
1 12.35 12,69
C 12.74 13.24
SOURCE OF ADJUSTED SUM MEAN
VARIATION DF SQUARE -~ SQUARE F_RATIO SIGN.
Between groups 3 218,54 72,85 5.21 .01
Within groups 506 7068.65 13.97
TOTAL 509 72.87.18
GRADE 6
Correlation = .484
ADJUSTED
GROUP MEAN MEAN
LM 15.67 15.79
L 16.38 16.29
I 14,66 14,86
C 15.52 15.40
SOURCE OF ADJUSTED SUM MEAN
VARIATION DF SQUARE - SQUARE F RATIO SIGN
Between groups 3 163.28 54.43 9.55 .01
Within groups 584 3327.24 5.70

TOTAL 587 3490.52
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TABLE 4.8

ANALYSIS OF COVARIANCE OF CONDITIONAL REASONING POSTTEST
SCORES WITH CONDITIONAL REASONING PRETEST AS COVARIATE

GRADE 3

Correlation = .418

GROUP
LM

L

I

C

SOURCE OF

VARIATION DF

Between groups 3

Within groups 506

TOTAL 509

MEANS

11.26
10.89
10.07

9.97

ADJUSTED SUM
SQUARE

139.28
2519.50

2658.78

GRADE 6

———

Correlation = .453

GROUP
LM

L

I

C

SOURCE OF
VARIATION DF

Between groups 3
Within groups 584

TOTAL 587

MEANS

12.43
12.90
10.88
11.65

ADJUSTED SUM
SQUARE

237.84
3547.95

3785.79

ADJUSTED
MEAN
11.25
10.70
10.16
9.96
MEAN
SQUARE F_RATIO SIGN
46.43 9.32 .01
4.98
ADJUSTED
MEAN
12.28
12.84
11.21
11.61
MEAN
SQUARE F_RATIO SIGN
79.28 13.05 .01
6.08
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TABLE 4.9

ANALYSIS OF COVARIANCE OF CLASS’ REASONING POSTIEST

GROUP

LM

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

GROUP
LM

L

I

C

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

GRADE 3

Correlation =. .258

DF

3
506

509

584

587

MEAN

14.59
13.35
12.35

12.74

ADJUSTED SUM
SQUARE

328.72
8331.73

8660.45

GRADE 6

Correlation = .291

MEAN
15.67
16.38
14.66
15.52

ADJUSTED SUM
SQUARE

217.03
3952.61

4169.63

SCORES WITH I.Q.7AS COVARIATE

MEAN
SQUARE

109.57

16.47

MEAN
SQUARE

72.34

6.77

ADJUSTED
MEAN

14.46
13.25
12.50

12,98

F RATIO

6.65

ADJUSTED

MEAN

15.93
16.26
14,57

15.55

F RATIO

10.69
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TABLE 4.10

ANALYSIS OF COVARIANCE OF CONDITIONAL REASONING

CROUP
LM

L

1

C

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

GROUP
LM

L

1

C

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

506

509

GRADE 3

Correlation - .336

MEAN
11.26
10.89
10.07

9.79

ADJUSTED SUM
SQUARE

116.87
2739.23

2856.09

GRADE 6

Correlation = .291

584

587

MEAN
12.43
12.90
10.88
11.65

ADJUSTED SUM
SQUARE

357.31
4054 .48

4411.80

POSTTEST SCORES' WITH I.Q. AS COVARIATE

ADJUSTED
MEAN
11.17
10.82
10.18
9.98
MEAN
SQUARE F_RATIO SIGN.
38.96 7.20 .01
5.41
ADJUSTED
MEAN
12.68
12.78
10.78
11.68
MEAN
SQUARE F_RATIO SIGN.
119.10 17.16 .01
6.94



TABLE 4.11

SCHEFFE TEST FOR DIFFERENCES IN REASONING POSTTESTS

Class Reasoning Posttest with T.Q. as Covariate

SIGN.
PAIRWISE LEVEL
GROUPS GR. 3
LM-L NS
LM-I .01
LM-C NS
L-I NS
L-C NS
I-C NS
(LM+L) - (I4C) .01

HIGHER MEAN

GR.

LM

M

C

LM+L

SIGN.
LEVEL HIGHER MEAN
GR. 6 GR. 6

NS L

.01 LM

NS LM

.01 L

NS L

.05 c

.01 LM4L

Class Reasoning Posttest with Class Reasoning

SIGN.
PAIRWISE LEVEL
GROUPS GR. 3
LM-L NS
LM-I .01
LM-C NS
L-I NS
L-C NS
I-C NS

(LM+L) - (I+C) NS

Pretest as Covariate

HIGHER MEAN
3

GR.,

M

LM

LM+L

SIGN.
LEVEL HIGHER MEAN
GR. 6 GR. 6

NS L

.05 LM

NS LM

.01 L

.01 L

NS C

.01 LM+L
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TABLE® 4.11 (continued)
SCHEFFE TEST FOR DIFFERENCES' IN REASONING POSTTESTS

Conditional Reasoning .Posttest’ with' T..'Q." as Covariate

SIGN. | SIGN.
PAIRWISE LEVEL - HIGHER MEAN LEVEL HIGHER MEAN
GROUPS GR. 3 ' _GR, 3 GR. 6 GR. 6
LM-L NS LM NS L
LM-1 .01 LM .01 LM
LM-C .01 LM .05 LM
L-I NS L .01 L
L-C NS L .01 L
I-C NS I NS c
(LMHL) = (I+C) .01 LM+L .01 LM+L

Conditional Reasoning Posttest with Conditional
Reasoning Pretest as Covarlate

SIGN SIGN.
PAIRWISE LEVEL HIGHER MEAN LEVEL HIGHER MEAN
GROUPS GR. 3 GR. 3 GR. 6 GR. 6
LM-L NS LM NS L
LM-I .01 LM .01 LM
LM-C .01 LM NS LM
L-I NS L .01 L
L-C NS L .01 L
I-C NS I NS c

(LM+L) ~(I+C) .01 LM+L .01 LM+L
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In grade 6 in class reasoning, there was a significant difference,

p < .01, of LM over I; L over I and the group taught logic over the group
not taught logic. There was also a significant difference, using I.Q. as
covariate, p < .05, of the C group over the I group. (Table 4.11).

With class reasoning pretest as covariate, there was a significant
difference in grade 6, p < .01, of the L group over I and C, and the group
taught logic over the group not taught logic. (Table 4.11). At the .05
level, there was a significant difference of the scores of the LM group
over the I group.

In conditional reasoning in grade 6, using the pretest as covariate,
there was a significant difference, p < .01, of LM over I, L over I and C,
and the group taught logic over the group not taught logic.' With I.Q. as
covariate, there was a significant difference, p < .0l, of LM over I, L
over I and C, and the group taught logic over the group not taught logic.
At the .05 level, there was a significant difference of LM over C also.

Difficult to explain is the superiority of C over I that occurred
congistently in grade 6., It happened that in the I treatment, there was
one sixth grade teacher for the three classes in the group. This teacher,
while not dogmatic or authoritarian, was very systematic as evidenced in
her classroom teaching. Whether this style of teaching is influential as
evidenced by the scores not only in the reasoning but in the mathematics
tests cannot be determined. It has been indicated in other projects that
not all teachers come from in-service training with the same ideas and
certainly there is a variety of impact on these people.

There was no significant difference between boys and girls even at

the .05 level in either class or conditional reasoning pretests or
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posttests either at the third or sixth grade level. These results are in
agreement with Piaget, Hill, and O'Brien, that sex is not a factor in the

differences in scores.

ITEM ANALYSES ON CLASS AND CONDITIONAL REASONING

Hill (51) found that primary children were, on the whole, able to do
the validity principles but she did not test for fallacy principles.
Shapiro and O'Brien (82) did test for the fallacy principles and found
that primary children did poorly with them. Both researchers used paper
and pencil tests. Findings in this study agree with Shapiro in this
regard. Both in the pretest of class and conditional reasoning, third and
sixth graders did poorly on those principles involving fallacies. 1In class
reasoning, these were principles 3 and 6; in conaikional reasoning, princi-
ples 2,3, and 7.

Tables 4.12 and 4.13 show the percent of correct responses for the
total population in grade 3 and in grade 6 on both pretest and posttest
of the class reasoning and conditional reasoning.

In the pretest in'grade 3, 44.58% answered principle 3 correctly in
class reasoning, while in the posttest, 39.547% answered it. Fallacy princi-
ple 6 was answered by only 35.05%Z of the third graders in class reasoning
pretest correctly with 45.80%in the posttest. Fallacy principle 6 in
class reasoﬁing was answered correctly by 57.40% of the sixth graders in
the pretest and 64.12% in the posttest,

In conditional reasoning, only about 23% of the third graders were

able to answer fallacy principles 2,3, and 7 correctly with about 30% of

the sixth graders answering these correctly..
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TABLE 4.12

PERCENT OF CORRECT RESPONSES® IN RANK ORDER
ON CLASS REASONING PRINCIPLES

GRADE 3
GRADE 3 GRADE 3 TOTAL
PRINCIPLE PRETEST. PRINCIPLE' POSTTEST PRINCIPLE GR. 3
2 78.16 2 81.73 2 79.95
1 70.99 4 79.85 1 72,74
5 69.72 1 74.49 4 70.07
4 60.29 5 70.32 5 70.02
7 52.32 7 58.16 7 55.24
3 44,58 6 45.80 3 42,06
6 35.05 3 39.54 6 40.43
GRADE 6 !
PRINCIPLE PRETEST PRINCIPLE POSTTEST PRINCIPLE  TOTAL
1 90.90 1 91.99 1 91.45
2 84.07 2 90.38 2 87.23
4 79.34 4 88.04 4 83.69
5 67.66 5 71.45 5 69.56
7 57.76 7 67.66 7 62.71
6 57.40 6 64.12 6 60.76

3 57.10 3 55.61 3 56.36



58.

59,

60,

61.

62,

63.
64.

65

664

67

68.

694
TOs
Tl

T2,

T3

85

N. Kornblum, R. Ae Smiley, R. K. Blackwood and Ds Co.
Iffland, Je. Am. Chem. Soc. 77, 6275 (1955).

C. R. Hauser and W, H. Puterbaugh, J. Am. Chem. Soc. 75,
4756 (1953).

De Ae Shirley in "Organic Reactions", Vel. VIII, John
Wiley and Sons, Inc., New York, 1954, pe 29,

Je Kleinberg, W. J. Argersinger, Jr. and E, Griswold,
"Tnorganic Chemistry", D. C. Heath and Co., Boston, 1960,

Pe 230,

Ge Allen, Je Me Bruce, D. W, Farren, and F. G. Hutchinson,
J. Chem, Soc. B, 722 (1966).

C. Grob and P, Brenneisen, Helv., Chim. Acta 41, 1184 (1958).

K. Bieman, "Mass Spectrometry", MeGraw~Hill Book Company,
Inc., New York, 1962, pp. 113-~114.

K. Bieman, "Mass Spectrometry", MeGraw-Hill Book Company,
Inc., New York, 1962, p. 51l.

H. Gilmen in H. Gilman, "Organic Chemistry", John Wiley
and Sons, Inc., New York, 1943, pp. 489 ff.

R. H., Silverstein and G. C. Bassler, '"Spectrometric Indenti-
fication of Organic Compounds", John Wiley and Sons, InCey
New York, 1964, p. 17.

W. E. Hanford and J. C. Sauer in "Organic Reactions”,
Vole III, John Wiley and Sons, Inc., New York, 1947, p. 137.

J. Lecomte, Discussions Faraday Soc., 3, 125 (1950).

Rupe, Ann. Chem. 369, 318.

B, Abrsmovitch, J. Ce. Shivers, B. E. Hudson, and C. Re
Hauser, J. Ame Chem. Soce. 65, 986 (1943).

Ae E. Miller (Mrs. A. Monahan), Masters Thesis, University
of Illinois, 1960

W. E. Bachman, J., Am. Chem. Soc. 55, 1179, 1185 (1933).




PRINCIPLE

1

PRINCIPLE

PERCENT OF CORRECT RESPONSES”IN RANK ORDER

86

TABLE 4.13

ON CONDITIONAL- REASONING PRINCIPLES

GRADE 3
PRETEST PRINCIPLE
78.74 5
66.63 1
60.64 4
45.72 6
23.61 3
23.23 2
20.83 7
GRADE 6
PRETEST PRINCIPLE
75.26 1
71.60 5
68.34 4
45.75 6
37.57 3
28.68 2
21.55 7

POSTTEST

74.02
73.23
67.93
57.24
28.67
23.90

21.76

POSTTEST -

81.77
79.33
75.22
57.68
43.30
30.15

25.04

PRINCIPLE

1

PRINCIPLE

1

TOTAL
75.99
70.33
64.29
51.48
25.95
23.76

21.30

TOTAL
78.52
73.84
73.41
51.50
40.44
29.42

23.30
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TABLE 4.13 (continued)

PERCENT OF CORRECT RESPONSES IN RANK ORDER
ON CONDITIONAL REASONING PRINCIPLES

TOTAL PRETEST TOTAL POSTTEST
PRINCIPLE GR. 3 AND 6 PRINCIPLE GR. 3 AND 6
1 77.00 1 77.50
5 67.49 5 76.68
4 66.12 4 71.58
6 45.74 6 57.48
3 30.41 3 35.99
2 26.15 2 27.02

7 21.19 7 23.41
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The percents of change in correct responses to the various principles
from pretest to posttest are reported in Tables 4.14 to 4.17. Included
also in these tables are the percent of correct responses with Yes, No, or
Maybe answers as well as other types such as concrete familiar, symbolic,
and suggestive items. There was an increase in the number of students
getting correct answers in fallacy principles from pretest to posttest, in
general.

In conditional reasoning in both grades 3 and 6, greater changes
were made, on the whole, in the contrapositive principles than on fallacy
principles. Grade 3 in class reasoning made greater increases in fallacy
than in contrapositive while grade 6 did the opposite, increase contra-
positive score 12.53% over a 4.36%Z increase in fallacy. (See Tables 4.14
to 4.17.)

In the third grade class reasoning from pretest to posttest, the
greatest increase in percent of students who answered a principle correctly
occurred in principle 4 which says that class exclusion is symmetric, that
is, no A's are B's meang that no B's are A's. The second greatest increase
was in principle 6 which is a fallacy principle: whatever is not a member
of a class is not (as a result of that relationship) necessarily a member
of (nor a non-member of) another class which is excluded from the first,
(See Tables 4.14 and 4.15)

There was the greatest increase in treatments LM and L over I and C
in these two principles. In the third grade also there was the third
greatest increase in principle 7, the contrapositive principle: whatever
is not a member of a class is also not a member of any class included in
the first. In the rank order of principles, principle 7 was fifth and

principle 6 was last; principle 4 was third.
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TABLE 4.14

PERCENT OF CHANGE FROM PRETEST TO POSTTEST
IN PRINCIPLES' OF CLASS REASONING

GRADE 3
PRINCIPLE TREATMENT LM TREATMENT L TREATMENT I TREATMENT C
1 9.7% 10.9% -1.2% .5%
2 1.6 5.0 6.6 9.0
3 1.0 ~43.0 6.6 5.0
4 33.0 3.7 27.6 34.6
5 3.9 .3 6.6 -1.0
6 32.4 30.2 24.3 35.4
7 10.7 17.4 14.2 2.1
g:;:iiigzs 11.4 6.8 8.1 10.2
YES ANSWERS 12.4 17.7 1.0 15.1
NO ANSWERS 6.8 5.1 -1.0 -.3
MAYBE ANSWERS  15.9 -13.5 11.7 18.7
Components
CFl 5.0 ~7.9 21.9 15.9
CF2 12.0 7.7 13.8 26.1
CF3 " 20.5 7.8 19.4
CF4 7.6 L9 2.5 .02
sy 26.8 19.6 2.7 6.5
SU 12.6 18.5 0 6.9
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TABLE 4.15

PERCENT OF CHANGE FROM PRETEST TO POSTTEST
IN PRINCIPLES OF CLASS REASONING

GRADE 6
PRINCIPLE TREATMENT LM  TREATMENT L  TREATMENT 1 TREATMENT C
1 ~1.9 3.6 2.4 1.0
2 7.1 17.9 4.0 1.7
3 .7 2.2 14.2 .8
4 12.6 14.2 13.5 3.8
5 18.0 10.4 .6 5.9
6 19.6 24,3 .5 1.0
7 53.8 11.5 3.9 7.9
giiiiiﬁi; 13.0 11.8 2.4 1.2
YES ANSWERS 19.7 14.8 7.3 4.1
NO ANSWERS 6.1 6.5 1.6 2.0
MAYBE ANSWERS 10.3 13.3 7.5 -1
Components
CF1 12.7 15.0 4.6 —4.1
CF2 3.7 12.3 1.6 3.0
CF3 18.6 5.8 2.3 6.2
CF4 8.4 9.6 2.4 .6
SY 34.3 30.1 _25.5 5.0
sU ~2.6 9.4 9.3 1.0
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TABLE 4.16

PERCENT OF CHANGE FROM PRETEST TO POSTTEST
IN PRINCIPLES OF CONDITIONAL REASONING

GRADE 3
PRINCIPLE TREATMENT LM TREATMENT L TREATMENT I TREATMENT €
1 -10.1 1.7 -5.1 -11.1
2 18.9 -3.6 3.4 17.3
3 84.7 8.4 12.4 -25.8
4 25.9 8.3 5.6 8.6
5 10.4 21.6 2.4 11.3
6 30.7 24.8 19.8 25.9
7 12.5 -5.2 60.0 ~29.5
ggi:ii:izs 17.6 8.9 4.5 .7
YES ANSWERS 7.6 11.2 4.2 4.4
NO ANSWERS 32.0 14.3 1.6 17.3
MAYBE ANSWERS 37.9 .3 19.8 -24.0
Components
CF1 32.9 3.5 .8 10.2
CF2 10.0 15.6 9.2 5.6
CF3 49.1 9.1 3.3 .2
CF4 -7.7 .2 5.1 -2.5
SY 26.2 17.4 6.9 28.2
SU 3.9 87.3 -26.5

-11.0
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TABLE 4.17

PERCENT OF CHANGE FROM PRETEST TO POSTTEST
IN PRINCIPLES OF CONDITIONAL REASONING

GRADE 6
PRINCIPLE TREATMENT LM ‘TREATMENT" L TREATMENT I TREATMENT C
1 9.9 7.9 5.9 10.9
2 7.6 34.9 -17.0 -10.5
3 2.6 60.0 -10.9 10.8
4 14.3 2.6 3.5 6.1
5 19.8 21.3 9.3 13.9
6 54 .4 11.1 22.2 19.2
7 24.7 15.3 27.9 .1
g:i:i1§i:s 17.6 18.3 4.2 9.1
YES ANSWERS 22 .4 11.8 9.3 11.8
NO ANSWERS 15.5 3.6 -5.2 12.2
MAYBE ANSWERS 7.5 39.4 -5.9 1.1
CF1 9.0 21.0 -18.5 1
CF2 21.8 14.1 9.1 13.6
CF3 17.4 29.1 1.7 3.5
CF4 15.5 12.2 8.9 6.6
sY 22,7 17.8 10.7 14.9
SU 11.5 7.8 25.8 19.1
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A caution should be made about using such tables as 4.14 - 4,17, If
students score high on certain principles there can't be much change from
pretest to posttest. Similarly, it could quite possibly be that they
score very low on both pretest and posttest and change would be minimal.
Therefore, these tables must be used in conjunction with other tables
which give total percents of correct answers. In other words, if 90%
of a group answers a principle correctly, there might not be much change
in scores from pretest to posttest because the students already indicate
a knowledge of the principle. Also, if 10% of a group might answer an
item correctly, only 5% more need to score higher in the posttest to make
a 50% increase. It is imperative for careful interpretation of these
tables that rank order of principles be taken into consideration.

The pattern of increase in grade six was more complex. For treat-
ments I and C, where no logic was taught, there were the greatest
increases in principles 7,2, and 4, although these increases were
considerably less than those in treatments LM and L. Fallacy principle
3 showed a small gain in treatment L from pretest to posttest while there
was a negative difference in treatments LM, I, and C. (See Tables 4.16
and 4.17).

In contrast, fallacy principle 6 showed substantial increase in
treatments LM and L, a decrease in treatment I and a slight gain in
treatment C. Note that principle 6 showed substantial gains in all

treatments in grade 3.
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THE "MAYBE" FACTOR

0'Brien and Shapiro (82) agreed that in Hill's test of 100 items,
the students were not called upon to test the logical necessity of
the conclusion, a behavior which they felt was vital to an adequate
understanding of hypothetical-deductive reasoning. They '"opened up"
33 of the original 100 items so that no necessary tontlusion followed
from the premises and another option was added to the existing 'Yes"
and "No" on Hill's test, namely, 'Not enough clues."

In a discussion of their results, O'Brien and Shapiro report

In considering the meaning of these results, it would
seem that as Hill suggested, children of ages six, seven and
eight have considerable success in recognizing logically neces-
sary conclusions. They ''peak out" high and early in this
ability. Children of the same age, however, experience great
difficulty in testing the logical necessity of a conclusion
and they show slow growth in this ability. That these two
behavioral manifestations of hypothetical-deductive thinking
occur at such different levels among children of the same age
seems to bring into question the challenge that the original
research gave to Piaget's theory regarding the growth of this
kind of logical thinking in children.

One of the peculiar findings of the present research was
that the children's performance of the 33 "open" items in test
B was, as is indicated by the negative corrected scores for
these Test B items, below the chance level. That 1s, the
children could have done better on these items by simple random
guessing. It seems clear that for one reason or another, the
children avoid '"Not enough clues' response, thus indicating an
avoidance of '"open' situations. What the reasons for this
behavior might be is at present unknown to the investigators.
What is known is that the existing primary school curriculum
seems to have had little effect (at least immediately) on
children's tolerance of or ability to recognize '"open' situa-
tions. (82)

This study showed that the students in both third and sixth grades
did not do as well in either pretests or posttests on those items which

had "Maybe'" as a correct answer. This is shown in the tables on the rank
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order of items, 4.18 - 4.22, which indicate the differences not only in
the items but also in the totals of correct answers for 'Yes'", "No", and
""Maybe''.

In the conditional reasoning in grade three, the nine ''Maybe" items
were at the bottom nine in the rank order in treatments L, I, and C, both
pretests and posttests. In treatment LM, one of the items went from 18th
place in the pretest to 9th place in the posttest. All others were in the
bottom third of the test. With few variations, almost this same pattern
occurred in grade 6 in conditional reasoning. There were occasional
differences in the ranking in the LM and L treatments as indicated in
Tables 4.20 - 4.22,

For class reasoning, the ''Maybe'' items were, for the most part, in
the bottom third of the ranking in grade three. There was little change
in placement in grade three, but an increase in percent of students who
answered "Maybe" items correctly except in treatment L, an unexpected
finding. This decrease was almost exclusively in principle 3 of class
reasoning. (See Table 4.18).

The sixth grade students varied their patterns of ''Maybe" answers
in treatments LM and L where they were scattered in the bottom two-
thirds of the items. Treatments I and C in class reasoning followed the
conditional reasoning pattern in that they had most of their "Maybe"
answers in the bottom third of the item ranking as shown in Table 4.19.

The relative position of many items remained more nearly the same
in pretests and posttests with regard to "Maybe" answers than items with
correct answers of 'Yes" and '"No." (See Tables 4.18 - 4.21). A random

check of the students' answers indicated that when they answered
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TABLE 4.18

RANK ORDER OF ITEMS IN CLASS REASONING

Groups in Treatments LM and L

GRADE 3

LM PRETEST LM POSTTEST L PRETEST L POSTTEST

RANK PRIN.ANS .% PRIN.ANS .% PRIN.ANS .% PRIN.ANS.%

1 21 Y 87.20 7 Y 88.24 14 N 87.07 13 Y 88.60
2 13 Y 86.26 25 Y 85.78 21 Y 81.90 11 Y 87.72
3 20 N 78.67 11 Y 83.33 13 Y 81.03 7 Y 85.96
4 25 Y 76.30 18 N 82.84 25 Y 77.59 14 N 84.21
5 14 N 76.30 13 Y 81.57 10 N 75.86 18 N 83.33
6 18 N 76.30 14 N 81.37 20 N 72.44 25 Y 82.46
7 10 N 67.77 20 N 80.39 27 N 69.82 21 Y 81.58
8 7 Y 67.77 21 Y 78.43 18 N 68.97 10 N 80.70
9 11 Y 65.40 10 N 78.43 15 Y 64.66 20 N 78.95
10 24 N 64.45 9 Y 77.45 24 N 62.93 15 Y 78.95
11 15 Y 61.13 15 Y 74.51 8 M 62.93 24 N 74.56
12 17 Y 54.98 24 N 72.55 11 Y 62.93 9 Y 70.18
13 27 N 54.50 19 M 64.22 9 Y 62.07 27 N 57.72
14 9 Y 54.03 8 M 82.84 12 M 58.62 19 M 55,26
15 26 M 54.03 17 Y 54.9Q 7 Y 56.03 17 Y 55.26
16 12 M 49.76 26 M 54.90 26 M 50.86 23 Y 52.63
17 8 M 47.39 27 N 50.98 23 Y 49.66 26 M 48.25
18 23 Y 45.50 22 M 49,02 17 Y 44.83 22 M 41.23
19 22 M 45.02 23 Y 47.06 16 M 43.10 12 M 36.84
20 16 M 46.60 12 M 44.81 22 M 41.38 16 M 29,82
21 19 M 27.96 16 M 40.20 19 M 18.97 & M 27.19
Y = Yes N = No M = Maybe

% = percent of students who answered item correctly.
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TABLE 4.18 (continued)

RANK ORDER OF ITEMS IN CLASS REASONING

GRADE 3
I PRETEST I POSTTEST C PRETEST C POSTTEST
RANK PRIN.ANS.% PRIN.ANS.% PRIN.ANS .% PRIN.ANS.%

1 21 Y 81.51 13 Y 90,76 20 N 81.52 7 Y 88.04
2 13 Y 78.15 9 Y 85.81 21 Y 80.43 13 Y 84.76
3 10 N 76.47 21 Y 85.71 14 N 78.26 21 Y 82.61
4 18 N 76.47 10 N 78.15 13 Y 77.17 10 N 81.52
5 20 N 75.63 7 Y 75.63 10 N 71.74 14 N 73.91
6 25 Y 70.59 11 Y 75.63 24 N 63.0&4 18 N 71.74
7 14 N 69.75 20 N 71.43 18 N 63.04 11 Y 71.74
8 7 Y 69.75 14 N 70.59 15 Y 60.87 25 Y 69.57
9 11 Y 63.87 15 Y 69.75 25 Y 59.78 20 N 68,48
10 24 N 61.36 25 Y 68.91 11 Y 59.78 15 Y 68.48
11 27 N 56.30 18 N 67.23 27 N 59.78 9 Y 68.48
12 15 Y 52.94 24 N 61.34 7 Y 57.61 24 N 67.39
13 23 Y 52.94 17 Y 57.98 23 Y 54.35 17 Y 54.34
14 9 Y 52.10 27 N 51.26 9 Y 52.17 27 N 53.26
15 17 Y 47.90 23 Y 47.90 8 M 42,39 22 M 42.39
16 12 M 43.70 12 M 44.54 26 M 42,39 12 M 39.13
17 B M 42.86 22 M 43.70 17 Y 38.04 19 M 39,13
18 20 M 40.34 8 M 40.34 16 M 34.78 26 M 39.13
19 16 M 35.29 16 M 39.50 12 M 31.52 16 M 38.04
20 26 M 32.77 26 M 38.66 22 M 26.09 8 M 36.96
21 19 M 20.17 19 M 33.61 19 M 20.65 23 Y 33.70
Y = Yes N = No M = Maybe

% = percent of students who answered item correctly
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TABLE 4.19

RANK ORDER OF ITEMS IN CLASS REASONING
GRADE 6

GROUPS IN TREATMENTS LM AND L

% = percent of students who answered item correctly

LM PRETEST LM POSTEST L PRETEST L POSTTEST

RANK PRIN.ANS.Z% PRIN,ANS.Z% PRIN.ANS.Z% PRIN.ANS.Z
1 10 N 95.80 13 Y 95.00 10 N 96.14 10 N 97,13
2 20 N 94.96 10 N 94.17 20 N 95.65 13 Y 96.95
3 24 N 92.44 20 N 93.33 13 Y 92.75 20 N 96.95
4 13 Y 89.08 21 Y 91.67 7 Y 89.37 25 Y 94.74
5 14 N 89.08 24 N 90.00 24 N 83,57 11 Y 94.74
6 7 Y 87.39 7 Y 90.00 11 Y 82.61 7 Y 93.30
7 21 Y 84.87 15 Y 80,17 14 N 82.61 21 Y 91.87
8 11 Y 81l.51 14 N 88.33 21 Y 79.23 24 N 91.39
9 25 Y 77.31 11 Y 87.50 18 N 75.36 9 Y 89.95
10 26 M 67.23 25 Y 82.50 9 Y 71.50 14 N 86.51
11 22 M 66.39 9 Y 80.83 15 Y 69.08 18 N 80.86
12 12 M 64.71 18 N 79.17 26 M 69.08 26 M 78.95
13 9 Y 60.50 26 M 74.17 25 Y 68,60 15 Y 78.95
14 18 N 55.46 22 M 70.83 12 M 66.67 19 M 76.56
15 16 M 54.62 23 Y 70.00 22 M 66.67 22 M 75.12
16 23 Y 54.62 19 M 65.00 8 M 64.73 23 Y 69.81
17 27 N 50.42 12 M 64.17 23 Y 60.87 12 M 68.11
18 15 Y 49.58 27 N 62.50 17 Y 57.97 8 M 63.16
19 8 M 49.58 17 Y 56.67 16 M 53.62 17 Y 60,77
20 19 M 42.02 8 M 54.17 19 M 49.7% 27 N 59.81
21 17 Y 36.13 16 M 51.67 27 M 47.83 16 M 57.89
Y = Yes N = No M = Maybe
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TABLE 4.19 (continued)

RANK ORDER OF ITEMS IN CLASS REASONING
GRADE 6

GROUPS IN TREATMENTS I AND C

I PRETEST I POSTTEST" C PRETEST C POSTTEST
RANK PRIN.ANS.Z% PRIN.ANS.Z% PRIN.ANS.Z PRIN.ANS.Z
1 10 N 94.23 10 N 92.90 10 N 94.51 10 N 95.06
2 20 N 91.03 20 N 91.61 13 Y 90.85 13 Y 93.83
3 13 Y 91.03 7 Y 83.97 20 N 90.24 7 Y 92.59
4 25 Y 85.90 25 Y 90.97 24 N 87.20 20 N 91.98
5 7 Y 83.97 13 Y 90.76 14 N 86.59 24 N 87.65
6 21 Y 82.05 11 'Y 90.32 7 Y 85.37 25 Y 85.80
7 11 Y 80.13 21 Y 87.74 21 Y 84.15 11 Y 84.57

14 N 80.13 9 Y 85.81 25 Y 82,93 14 N 83.33
9 24 N 75.00 14 N 82.58 11 Y 82.32 21 Y 82.72
10 18 N 75.00 24 N 81.94 9 Y 76.22 15 Y 78.40
11 9 Y 71.15 18 N 75.77 18 N 71.95 18 N 76.54
12 15 Y 67.31 15 Y 69.75 26 M 68.90 Y 75.93
13 23 Y 62.82 23 Y 63.87 15 Y 68.29 8 M 69.75
14 12 M 59.62 26 M 55.16 8 M 67.07 26 M 67.77
15 26 M 57.05 17 Y 52.26 22 M 62,80 23 Y 65.43
16 27 N 49.36 8§ M 49.03 17 Y 62.80 22 M 63.46
17 8 M 48.72 12 M 49,03 12 M 58.54 17 Y 56.79
18 17 Y 48.72 27 N 46.45 23 Y 54.88 16 M 56.17
19 22 M 45.51 22 M 43.87 19 M 53.05 19 M 55.31
20 16 M 44.23 19 M 43.23 16 M 53.05 12 M 51.23
21 19 M 40.38 16 M 32.90 27 N 47.17 27 N 34.57
Y = Yes N = Nb M = Maybe

% = percent of students who answered item correctly
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TABLE 4.20

GRADE 3

LM PRETEST LM POSTTEST L PRETEST L POSTTEST

RANK PRIN.ANS.Z PRIN,ANS.Z% PRIN.ANS.Z PRIN.ANS.Z%

1 14 Y 82.78 8 N 89.27 10 Y 83.62 10 Y 87.72
2 10 Y 79.43 7 Y 82.90 14 Y 81.90 8 N 82.46
3 22 Y 78.47 10 Y 81.46 8 N 80.17 Y 82.46
4 7 Y 77.51 22 Y 78.54 26 Y 74.14 18 Y 74.56
5 18 Y 68.90 16 Y 77.56 22 Y 67.24 22 Y 73.68
6 8 N 67.46 18 Y 70.24 18 Y 62.93 26 Y 72.81
7 26 Y 66.99 20 Y 67.32 7 Y 62.93 20 Y 68.42
8 24 Y 46.41 15 Y 60.98 20 Y 56.03 15 Y 64.04
9 15 Y 45.45 21 M 60,00 15 Y 50.86 14 Y 62.28
10 16 N 43.006 16 N 56.59 12 Y 46.55 16 N 61.40
11 12 Y 42.58 14 Y 56.10 16 N 45.69 12 Y 59.65
12 20 Y 40.19 12 Y 52.68 24 Y 45,69 24 Y 57.02
13 23 M 36.84 24 Y 48.78 9 M 39.66 9 M 42.11
14 9 M 33.01 9 M 47.32 23 M 36.21 21 M 39.47
15 25 M 29.19 25 M 35.12 13 M 33.62 13 M 30.70
16 13 M 28.71 13 M 31.70 21 M 32,76 25 M 28.07
17 27 M 24.88 11 M 30.73 25 M 25.86 23 M 27.19
18 21 M 21.05 19 M 29.76 19 M 22.41 11 M 26.32
19 19 M 19.62 17 M 28.78 27 M 20.69 19 M 20.18
20 17 M 19.62 13 M 27.32 17 M 19.83 27 M 18.42
21 11 M 16.75 27 M 25.85 11 M 18.97 17 M 18.42
Y = Yes N = No M = Maybe

% = percent of students who answered item correctly
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TABLE 4.20 (continued)

RANK ORDER OF ITEMS ' IN CONDITIONAL REASONING

GROUPS IN TREATMENTS I AND C

GRADE 3

1 PRETEST I POSTTIEST C PRETEST C POSTTEST
RANK PRIN.ANS.Z% PRIN.ANS.Z PRIN.ANS.Z PRIN.ANS.Z
1 14 Y 86.18 7 Y 83.61 10 Y 85.71 10 Y 88.89
2 7Y 85.25 14 Y 81.97 7 Y 81.32 7 Y 83.33
3 10 Y 84.55 22 Y 81,97 14 Y 75.82 22 Y 75.56
4 18 Y 77.23 10 Y 77.05 18 Y 75.82 18 Y 72,22
5 8 N 67.48 18 Y 76.23 26 Y 73.63 26 Y 71.11
6 22 Y 65.04 26 Y 70.49 8 N 71.43 15 ¥ 71.11
7 26 Y 62,60 8 N 59.84 22 Y 64.84 8 N 68.89
8 15 Y 60.16 20 Y 59.02 15 Y 60.44 24 Y 63.33

24 Y 58.54 24 Y 54,10 24 Y 50.55 20 Y 58.89
10 20 Y 48.78 12 Y 52.46 12 Y 43.96 l6 N 52,22
11 16 N 43.09 16 N 52.46 20 Y 38.46 14 Y 50,00
12 12 Y 30.89 15 Y 50.00 16 N 31.87 12 Y 45.16
13 9 M 28.46 21 M 30.33 25 M 25,27 25 M 22.22
14 19 M 21.95 25 M 25.41 27 M 24,18 27 M 17.78
15 25 M 21.95 9 M 25,41 9 M 20.88 9 M 16.67
le 21 M 20.33 27 M 21.31 13 M 19.78 13 M 1l4.44
17 13 M 19.51 13 M 20.49 23 M 19.78 19 M 13.33
18 17 M 14.63 19 M 19.67 21 M 16,48 11 M 12,22
19 23 M 13.82 23 M 19.23 19 M 15.38 23 M 11.11
20 11 M 12.20 11 M 18.85 11 M 14.29 17 M 10.00
21 27 M 11.38 17 M 15.57 17 M 12.09 21 M 10.00
Y = Yes N = No M = Maybe

% = percent of students who answered item correctly



102

TABLE 4.21

RANK ORDER OF ITEMS IN CONDITIONAL REASONING
GRADE 6

GROUPS IN. TREATMENTS LM AND L

LM PRETEST LM POSTTEST L PRETEST L POSTTEST
RANK PRIN.ANS .% PRIN.ANS.Z PRIN.ANS.Z% PRIN.ANS.%
1 10 Y 81.82 7 Y 96.69 26 Y 86.47 10 Y 98.08
2 8 N 81.82 10 Y 95.04 10 Y 84,06 26 Y 87.50
3 26 Y 80.17 26 Y 90.08 7 Y 76.33 7 Y 87.02
4 7 Y 76.86 8 N 87.60 8 N 74.88 22 Y 86.06
5 22 Y 76.03 22 Y 85.12 22 Y 74,88 21 M 78.85
6 18 Y 72.72 18 Y 81,81 18 Y 71.50 18 Y 78.37
7 14 Y 71.90 15 Y 73.55 14 Y 68.60 15 Y 70.67
8 15 Y 60.33 16 N 72.72 20 Y 57.49 16 N 69.23
9 16 N 57.02 24 Y 72.72 16 N 56.04 8 N 66.35
10 21 M 5620 14 Y 71,90 21 M 53.14 9 M 65.87
11 20 Y 50.41 12 Y 64,46 24 Y 50.72 20 Y 65.38
12 24 Y 45.45 20 Y 64.46 15 Y 49.76 14 Y 65.38
13 9 M 43.80 21 M 56.20 12 Y 40.58 24 Y 64.90
14 13 M 36.36 9 M 40.50 9 M 40.10 19 M 48.56
15 12 Y 34.71 11 M 37.19 13 M 35.26 13 M 47.12
16 23 M 29,75 19 M 33.06 19 M 31.88 17 M 42.31
17 25 M 25.62 23 M 30.58 23 M 31.40 11 M 39.42
18 17 M 25.62 13 M 30.58 25 M 29.47 12 Y 35.10
19 11 M 22.31 17 M 25.62 11 M 27.54 25 M 34.61
20 27 M 21.49 27 M 23.97 17 M 23.67 23 M 30.29
21 19 M 18.66 25 M 23.14 27 M 23.19 27 M 25.00
Y = Yes N = M = Maybe

% = percent of students who answered item correctly
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TABLE 4.21 (continued)

RANK ORDER OF ITEMS IN CONDITIONAL REASONING
GRADE 6

GROUPS IN TREATMENT I AND C

I PRETEST I POSTTEST C PRETEST C POSTTEST

RANK PRIN.ANS.Z PRIN.ANS.Z% PRIN.ANS .Z PRIN.ANS.Z

1 7 Y 83.97 7 Y 83.87 26 Y 85.28 10 Y 92.64
2 26 Y 8l.41 22 Y 81.94 10 Y 82.82 7 Y 87.73
3 14 Y 79.49 26 Y 80.65 8 .N 79.14 26 Y 82,21
4 10 Y 77.56 14 Y 80.65 18 Y 74.23 14 Y 82.21
5 8 N 73.71 18 Y 78.06 22 Y 73.01 8 N 80.98
6 22 Y 73.08 10 Y 76.77 7. Y 73.00 18 Y 80.37
7 18 Y 65,38 15 Y 61.29 14 Y 73.00 22 Y 74.23
8 15 Y 50.64 8 N 59,35 20 Y 58.90 l6 N 71.16
9 16 N 46.79 16 N 54.84 16 N 56.44 15 Y 63.80
10 24 Y 44.87 20 Y 52.90 21 M 56.44 20 Y 63.80
11 20 Y 42.31 24 Y 51.61 15 Y 52.15 21 M 59.51
12 9 M 37.82 12 Y 45.16 24 Y 47.24 12 Y 57.06
13 12 Y 35.26 21 M 35.48 12 Y 41.10 24 Y 54,60
14 21 M 33.97 9 M 33.55 9 M 38.65 9 M 41.72
15 13 M 26.92 25 M 23.23 13 M 31.90 13 M 28.83
16 19 M 25.64 13 M 20.00 19 M 31.90 19 M 28.22
17 17 M 23.08 19 M 17.42 23 M 30.68 25 M 26.99
18 25 M 20.51 23 M 17.42 25 M 30.06 23 M 25,77
19 23 M 14.10 27 M 16.13 11 M 21,47 17 M 24.54
20 27 M 12.82 17 M 15.48 17 M 18.40 11 M 24.54
21 11 M 16.90 11 M 14.84 27 M 12.88 27 M 15.34
Y = Yes N = No M = Maybe

% = percent of students who answered item correctly
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TABLE 4.22

DIFFERENCES IN PERCENTS BETWEEN PRETESTS AND
POSTTESTS WITH "YES," "NO," AND "MAYBE"
AS CORRECT ANSWERS

- CLASS- REASONING

GRADE 3
ANSWERS LM L I C
PRE POST POST-PRE PRE POST POST-PRE PRE POST POST-PRE PRE POST POST-PR.
Yes 66.51 74.86 8.25 64.52 75.93 11.41 63.31 73.12 9.81 60.02 69.08 2.0¢
No 69.67 74.43 4.76 72.85 76.58 3.73 69.33 68.67 -.66 69.56 69.38 -.lt

o

Maybe  44.63 51.72 7.09 45.98 39.77 -6.21 35.86 40.06 4.2

———n

32.97 39.13 6.16

CLASS REASONING

GRADE 6
Yes 69.00 82.59 13.59 74.66°85.68 11,02 74.79 80.27 5.48 76.42 79.56 3.l4
No 79.79 84.58 4.89 80.19 85.39 5.20 77.47 78.71 1.24 79.78 78.20 -1.5€
Maybe 57.43 63.34 5.91 61.76 69.97 8.21 49.25 45.54 -3.71 60.57 60.62 -.05

CONDITIONAL REASONING

GRADE 3
Yes 62.87 67.66 4.79 63.19 70.26 7.07 65.92 68.69 2.77 65.06 67.95 2.89
No 55.26 72.93 17.67 62,93 71.93 9.00 55.29 56.15 .86 51.65 60.56 8.91
Maybe 25.52 35.18 9.66 27.78 27.88 .10 18.25 21.86 3.61 18.68 14.19 -4.49

CONDITIONAL REASONING

GRADE 6
Yes 65.04 79.58 14.54 66.04 73.85 7.81 63.40 69.29 5.89 66.07 73.87 7.82
No 69.42 80.16 10.74 65.46 67.79 2.33 60.25 57.10 -3.15 67.79 76.07 8.28
Maybe 31.09 33.43 2.34 32.85 45.78 12,93 22.86 21.51 -1.35 30.27 30.60 .33
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incorrectly the "Yes" and '"No' items; they very seldom used 'Maybe." When
they failed to answer correctly the 'Maybe' items, they tended to use "No."
In oral work, at least in the third grade, by contrast, when discussing
these "Maybe" answers, the children would often respond, 'Yes, but maybe."

The Cornell project worked extensively with the i1dea of concrete
familiar, symbolic and suggestive. ' An explanation of these terms, as
well as indications of categories of items is in Chapter Three. Students
in this study followed the same pattern in regard to the concrete familiar.
Since there was only one item that could be categorized as suggestive in
both class and conditional reasoning, there are not enough data to make
any definite statement. (See tables 4.14 - 4.,17). However, it should be
noted that the suggestive items are usually not as high in placement as
the others, yet in the class reasoning, approximately 63%Z of the students
answered it correctly. It has a "Nbo'" answer and by the very item itself,
one wonders if it is really typical. '"All dogs are brown." Then would
this be true? "At least some dogs are not brown.' In brief discussion
with students after the posttest, it seemed that they were answering the
question, "No, not all dogs are brown.'" ' This needs further investigation.

In contrast to this was the symbolic item on the conditional
reasoning test. ''Suppose you know that 'If a dog can stand on its front
legs, then it is a puppy.' Then would this be true? 'If a dog is a
puppy, then it can stand on its front legs.'"

The answer is, of course, ''Maybe.'" Only about 20% of the students
answered this question correctly.

A careful re-examination of differences between pretests and posttests

as shown in Tables 4.14 - 4.17 indicates very little change or growth in
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certain logical principles in grade' 3. " Except for treatment LM, there
was a decrease in the number of students-who answered prineciple 5
correctly in class reasoning, principle 1 in conditional reasoning in
all treatments. In grade 6, treatments I and C, class reasoning
principle 3 indicated a marked decrease while conditional principle 2

went down in those two treatments also.

WISCONSIN MATHEMATICS TESTS

To obtain a measure of mathematical achievement for all treatment
groups, the Wisconsin Contemporary Test of Elementary Mathematics (WCEM)
was used both as a pretest and a posttest. Differences between groups on
the Wisconsin pretest were significant at the .05 level for grade 3 and
at the .01 level for grade 6 as shown in Table 4.23. In grade 3, in a
pairwise comparison using the Scheffé test, there was only a significant
difference at the .0l level between groups LM and C, favoring LM, as shown
in Table 4.24.

There was a significant difference, pairwise, in the Wisconsin pretest
in grade 6 between groups LM and I, favoring LM; between L and I, favoring
L; and between I and C, favoring C, p < .0l.

Since there was a significant difference, p < .01, between the treat-
ments in both grades 3 and 6 as shown in the analyses of covariance in
Tables 4.25 and 4.26, it was necessary to make pairwise comparisons of
the groups using the Scheffé test. In grade three,LM group scored higher
than the other groups and significantly higher, p < .01 than the C group.

There was a significant difference, using the Wisconsin pretest as



GROUP
LM

L
I

c
SOURCE OF

VARIATION

ANALYSIS OF VARIANCE OF WISCONSIN

TABLE 4.23
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CONTEMPORARY ELEMENTARY MATHEMATICS PRETEST

MEAN

28.55
28.01
27.23

25391

DF

Between groups 3

Within groups 507

TOTAL

GROUP
LM

L

1

C

SOURCE OF

VARIATION

510

34.92
36.27
31.40

37.06

Between groups 3

Within groups 585

TOTAL

588

GRADE 3

EFFECT™
0.83

0.29
-0.49

-1.81

SUM OF
SQUARES

442 .81
22418.17

22860.98

GRADE 6

EFFECT

~0.35
1.00

-3.88

1.

SUM OF

SQUARES

STAND. DEVIATION

MEAN SQUARE

147.60

44,22

STAND. DEVIATION

7.15
6.17
6.40

6.30

F RATIO

3.34

MEAN SQUARE

2410.21
35688.78

38098.99

803.40

61.01

7.40
7.41
8.23

8.30

F_RATIO

13.17

|=

205
111
114

81

SIGN. LEVEL

.05

N
119
202
113

155

SIGN., LEVEL

.01
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TABLE 4.24

SCHEFFE TEST FOR DIFFERENCES' ON - WISCONSIN PRETEST

SIGN. HIGHER - SIGN. HIGHER
PAIRWISE LEVEL MEAN" - - - LEVEL MEAN
GROUPING GR.3 GR.3 - GR.6 GR.6
LM-L NS LM NS L
LM-I NS LM .01 LM
LM-C .01 LM NS c
L-I NS L .01 L
L-C NS L NS C
I-C NS I .01 C

(LM+L and I+C) NS LM+L NS LM+L
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TABLE 4.25

ANALYSIS OF COVARIANCE OF WISCONSIN POSTTEST
WITH WISCONSIN PRETEST AS COVARIATE

GRADE 3
Correlation = .736
GROUP MEAN ADJUSTED MEAN
LM 32.04 31.43
L 31.18 30.97
I 30.51 30.87
c 26.56 27.90
SOURCE OF ADJUSTED SUM MEAN
VARIATION DF SQUARE SQUARE F RATIO
Between groups 3 . 741.11 247,04 11.74
Within groups 506 10647 .94 31.04
TOTAL 509 11389.05

GRADE 6
GROUP. Correlation = .793 MEAN ADJUSTED MEAN
LM 39.71 39.99
L 39.14 38.34
I 34,15 37.15
C 39.49 38.06
SOURCE OF ADJUSTED SUM MEAN
VARIATION DF SQUARE SQUARE F RATIO
Between groups 3 493.95 164.65 6.77
Within groups 584 14208.30 24.33

TOTAL 587 14702.,25

SIGN.

.01

SIGN.

.01
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TABLE 4,26

ANALYSIS OF COVARIANCE OF WISCONSIN POSTTEST

Correlation =

GROUP

LM

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

WITH I.Q. AS COVARIATE

GRADE 3
.386
MEAN
32.04
31.18
30,51

26.56

ADJUSTED SUM

DF SQUARE

3 1225.59

506 19905 .24

509 21130.83
GRADE 6

Correlation = ,511

GROUP

LM

SOURCE OF
VARIATION

Between groups
Within groups

TOTAL

MEAN

39.71
39.14
34.05

39.49

ADJUSTED SUM

DF SQUARE

3 3762.99
584 25498.68
587 29261.68

ADJUSTED MEAN

31.74
30.93
30.87
27.16
MEAN
SQUARE F_RATIO
408.53 10.39
39.34
ADJUSTED MEAN
41.12
38.48
33.52
39.66
MEAN
SQUARE F_RATIO
1254.33 28.73
43.66

SIGN.

.01

SIGN.

.01
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TABLE 4.27

SCHEFFE TEST FOR DIFFERENCES ON WISCONSIN POSTTEST

WISCONSIN POSTTEST WITH WISCONSIN PRETEST AS COVARIATE

SIGN. HIGHER SIGN. HIGHER
PAIRWISE LEVEL MEAN LEVEL MEAN
GROUP GR. 3 GR. 3 GR. 6 GR. 6
LM-L NS LM .05 LM
LM-I NS LM .01 LM
LM-C .01 LM .05 LM
L-I NS L NS L
L-C .01 L NS L
I-C .01 I NS C
(LML) - (I+C) .01 LMHL .01 LM+L

WISCONSIN POSTTEST WITH I.Q. AS COVARIATE

LM-L NS LM .01 LM
LM-I NS LM .01 LM
LM-C .01 LM NS LM
L-1 NS L .01 L
L-C .01 L NS c
I-C .01 I .01 c
(LML) - (1+C) .01 LML .01 LM+L
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covariate also, p < .01, of L over C and I over C, with the :.nzic
group, LM + L over I + C as shown in Table 4.27,

In grade 6, using the Wisconsin pretest as covariate, LM scored
significantly higher, p < .05, than both the L and C groups, and p < .01,
over the I group. The group taught logic scored significantly higher,

p < .01, than the group not taught logic.

With I.Q. as covariate, there was a significant difference, p < .01,
of LM over C; L over C and I over C, and the logic group over the group
not taught logic in the third grade Wisconsin posttest. In grade six,
there was a significant difference, p < .01, of LM over L and I, L over
I, and C over I, with the logic group scoring significantly higher than
the group not taught logic.

It is possible to make several analyses of the scores on the mathe-
matics achisvement but there are two particularly relevant to this
study: 1) to look at mean scores and percent of correct answers for each
treatment; 2) to examine percent of change.

Total percent correct for the four treatments in the third grade

Wisconsin mathematics test are shown as follows:

LM Pretest LM Pogttest L Pretest L Posttest
58.22 63.58 56.48 62.14

I Pretest I Posttest C Pretest C Posttest
54,76 62.77 51.70 54.57

Percent of change in total Wisconsin Gr. 3 score:

LM L 1 C Total LM 4+ L I +C

9.2% 10.0% 14.6%Z 5.7% 10.47 9.6% 10.27%
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Total percent correct for Grade 6 Wisconsin test:

LM Pretest LM Posttest L Pretest - L Posttest
62.18 68.42 62.98 66.70

L Pretest I Posttest C Pretest - C Posttest
52.91 56.33 61.45 65.76

Percent of change in total Wisconsin Gr. 6 score:

LM L I C Total IM + L I+C
10.0%4 5.9%2 6.5% 7.07 8.6% 8.0% 6.8%

Thus it appears that taking 16 hours of class time to teach logic
was more helpful in improving scores on mathematics tests than the same
amount of instruction on regular mathematical content, because scores on
the Wisconsin posttests at both grades 3 and 6, with pretest and I.Q. as
covariates indicate a significant highly score, p < .01, of the group

taught logic over the group not taught logic.

CATEGORIES IN GRADE 3 WISCONSIN

In order to determine certain aspects of mathematics which might be
significantly affected by the teaching of logic to the experimental -group,
the Wisconsin tests were analyzed using two broad categories: mathematical
category and logically-related category.

The items in the mathematicsl category weré analyzed using the
following sub-categories, with the number of items on each shown after
the abbreviation:

Fractions (FR), 9

Addition (A), 5
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Subtraction (SU), 4
Multiplication (MU), 6
Division (D), 2
Place Value (PV), 3
Geometry (G), 8
Measurement of money (ME), 2
Measurement of time (MI), 3
Measurement of length, liquid, weight (LLW), 3
Fundamentals (FU), 7
(this included such items as ordinals, odds and evens, sequences, distri-
butive property, Roman numerals and the idea that numbers have many names)
Categorization into mathematical topics agreed with the description
which the authors of the test submitted for their test plans.
In the 17 items which could be categorized logically-related, the
form of the items was that of a number sentence where a student was
required to substitute to make the sentence true. Typical of these was

the following:

1. Which number makes the statement true?

+ 4 =12

a) 16 b) 9 ¢) 8 d) 3

The percent of correct responses for each category arranged in rank
order by treatment for grade 3 is shown in Table 4.28. In the pretest,
group LM had the greatest percent of correct answers in the following
categories: fractions, multiplication, division, place value, measurement

of money, and measurement of length, liquid, and weight. Treatment L had
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TABLE 4,28

RANK ORDER OF TOPICS ON WISCONSIN MATHEMATICS TEST

GRADE 3
LM PRE LM POST L PRE L POST
RANK TOPIC 7% TOPIC Z TOPIC % TOPIC %
1 ME 82.46 A 81.64 ME 79.74 A 80.35
2 A 80.96 ME  79.96 A 72.93 ME 76.52
3 PV 69.71 PV 76.33 PV 68,96 PV 70.73
4 SU 64.43 D 75.85 SU 65.95 D 69.57
5 D 62.50 SU 75.85 FU 55.05 SU 66.96
6 FU 54.74 FU 62.32 G 54.31 FU 60.37
7 G 52.23 MU 61.35 MT 53.74 G 60.11
8 MT 51.28 G 58.76 D 51.29 MU 55.22
9 MU 43.43 ML  51.05 MU 42,68 MT 54,20
10 LLW 40.39 FR  44.07 LLW 39.94 FR  45.70
11 FR 38.25 LLW 41.87 FR 36.74 LLW 43.77
ABBREVIATIONS USED:
A = Addition ME = Measurement: money
D = Division MT = Measurement: time
FR = Fractions MU = Multiplication
FU = Fundamentals PV = Place Value
G = Geometry SU = Subtraction
LLW = Length, liquid

weight measurement

percent of students who answered

the topics correctly
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TABLE 4.28 (continued)

RANK ORDER OF TOPICS ON WISCONSIN MATHEMATICS TEST

GRADE 3
I PRE I POST I PRE" - I POST TOTAL PRE TOTAL POST

RANK TOPIC 7% TOPIC % TOPIC % TOPIC % Topic % Topic %

1 A 82.35 83.39 A 76 .22 A 75.38 ME 78.18 A 80.19
2 ME 76 .05 D 81.46 ME 74 .45 ME 71.43 A 78.12 ME 74.12
3 PV 67.23 PV 76.88 PV 69,78 PV 69,96 PV 68,92 D 73.62
4 suU 59.88 ME 68.55 SU 59.45 D 67.58 SU 62.43 PV 73.48
5 FU 55.24 SU 65.12 D 54.45 SU 54.12 D 54,25 SU 63.10
6 51.67 FU 60.94 FU 40.00 MU 49.27 FU 53.76 FU 58.04
7 48.74 MU 58.33 G 46,53 MI 49,08 G 51.19 G 51.85
8 MT  48.63 G 57.56 FR  37.04 FU 48.51 MI 47.11 MU 56.05
9 MU 37.96 ML  52.42 MU  35.11 G 47.21 MU 40.04 MI 53.61
10 FR  37.63 LLW 44.62 MT 34.81 FR 39.93 FR 37.41 FR 42.09
11 LLW 36.98 FR 41.17 LLW 31.85 LLW 27.84 LLW 37.29 LLW 39.52
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the greatest percent of correct answers in addition and fundamentals.
Treatment C in the pretest in no category scored the highest percent
but had the second highest in division.

Recall that for the third grade students, there was no significant
difference in I.Q. for the various treatment groups but there was a
significant difference, p < .05, betﬁeen IM+ Land I + C. In the pre-
tests the LM group maintained secopd highest percent of correct answers
in addition, subtraction, measurement of time and geometry. L group was
second highest in multiplication, place value, fundamentals, measurement
of money and measurement of length, liquid, and weight. I group had the
second highest percent of correct answers in fractions in the pretest.

In the posttests LM group had the highest percent of correct
answers in multiplication, fundamentals, measurement of money. This
group had the second highest percent of correct answers in fractions,
addition, subtraction, division, place value and geometry. The L group
had the greatest percent of correct answers in fractions, subtraction,
measurement of time and geometry, with second highest percent of correct
answers in measurement of money and measurement of length, liquid, and
welght.

The I group, in contrast to two first places in pretests, had four
first places in percent of correct answers in addition, division, place
value and the measurement of length, liquid, and weight. It also had
second highest percent of correct answers in multiplication, fundamentals
and measurement of time. In posttests, the C group had no highest or

second highest percent of correct answers in any mathematical topic.
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According to the lesson plans of the teachers in the project, those
in I and C both taught more topics during the time of the project than
the teachers in LM and L. Topics which were emphasized during this time
were: division, extension of addition and subtraction to more difficult
problems; place value such as expanded notation in terms of ones, tens
and hundreds, measurement, Roman numerals and ordinals with certain
topics in geometry.

Despite this progression of topics, it is apparent from the tables
that groups LM and L maintained their achievement in the mathematics.

In terms of the second point of view, namely, percent of change,
students in classes which were not taught logic 'progressed" in more
topics than those who took time for logic during their mathematics
classes. For example, in the lesson plans submitted during this study,
approximately 50% more time was spent in classes in treatment I and C
on multiplication and division than in classes in LM and L groups.

Table 4.29 shows the percent of change on the various categories
from pretest to posttest. Note that despite this factor of time and
natural progression through the mathematical topics, that treatments
LM and L while not gaining as much of an increase in multiplication
and division as did I and C, nevertheless did have a substantial
increase in these topics.

In the overall picture of change from pretest to posttest, out of
the 11 categories, LM + L had the greater percent of change than T + C.
From Table 4.29, note that in the separate treatments, LM had the
greatest increase in three topics: fundamentals, geometry, measurement

of money; L in two, fractions and addition; I in five, namely, division,
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TABLE 4.29
PERCENT OF CHANGE FROM WISCONSIN PRETEST TO POSTTEST
GRADE 3
LM L 1 C TOTAL
TOPIC 7 CHANGE % CHANGE... %. CHANGE. ...% CHANGE % CHANGE
Addition .8 10.2 1.3 -1.1 2.6
Division 21.4 26.5 67.1 19.4 28.3
Fractions 15.2 24 .4 9.4 7.8 14.1
Fundamentals 13.7 9.7 10.3 -3.0 8.0
Geometry 12.5 10.8 11.4 1.5 11.1
Length,Liquid, _
Weight:Meas . 3.72 9.6 20.7 12.6 6.0
Measurement: -3.0 -4.0 ~9.9 —4.1 -5.2
Money
Measurement: - 4 1.0 7.8 41.0 13.8
Time
Multiplica- 41.3 29.4 53.7 36.4 40.0
tion
Place Value 9.5 2.6 14.4 3.1 70.0
Subtraction 2.7 1.5 8.8 -9.0 -1'1
LML I+C
TOPIC ZCHANGE . % CHANGE
Addition 5.3 .1
Division 27.8 44 .4
Fractions 19.7 8.6
Fundamentals 11.7 4.0
Geometry 11.6 6.7
Length,Liquid,Weight 6.6 5.3
Measurement
Measurement: Money -3.5 -7.0
Measurement: Time .2 21.6
Multiplication 35.4 45,2
Place Value 6.0 8.8
Subtraction 2.1 .1
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measurement of length, liquid, and weight, place value, multiplication,
and subtraction. C ranked highest in improvement in measurement of time
only.

1 was the control group that was not instructed in logic but the
teachers attended in-service sessions each week during the study. The
lessons taught at these sessions were. for the most part, self-directed.
That is, the topics taught were chosen the previous week by the teachers
themselves and this was the main thrust of the meetings. Several minutes
each session were concerned with discussing the week's work of the stu-
dents. During this time with the third grade teachers, measurement was
the main topic of two of the sessions, with a rather thorough examination
of those elements related to the primary level. Also included in these
sessions were several attempts to clarify the problem-solving procedures,
including the translation of ordinary situations into mathematical
language. For the most part, this involved getting the idea into a
number sentence. This might be helpful in interpreting the results of
the changes in treatment I. A deliberate attempt was made to avoid any-
thing relating to logic but it was impossible in dealing with the types

of problems in third grade not to bring in the idea of number sentences.
LOGIC-RELATED CATEGORY

The logic-related items were divided into four categories: those
which were concerned with 1) addition; 2) subtraction; 3) multiplica-
tion and 4) division. There was only one item which involved a number
sentence which was not concerned with operations: namely a sentence that

involved almost exclusively memory:
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What number makes the statement true?

32 ounces = pounds

a) 1 b) 2 e) 3 d) 4

Since this involved memory, it is not included as a logic-related item,
One could conceivably memorize this information, substitute it in the
correct box without doing any operation normally described as logical.

It was difficult to isalate the logic factor in some of the
categories for the following reasons. All of the addition items involve
number sentences. There are no addition problems not involving the
replacement of a variable to make the statement true, This was not the
case in multiplication, where only four out of the six items were concern-
ed with number sentences.

Only one item, really subtraction of fractions, was in the logically-
related category of subtraction that was not in the regular subtraction
category. There were only two items on division in the entire test and
both of these were in the number sentence form, Therefore, it is diffi-
cult to isolate the logic factor in these items.

Tables 4.30 and 4 31 show the percent of correct responses on logic-
related items as well as the percent of change from pretest to posttest.
In the percent of change in the logic-related item groups, I came out on
top as far as improvement was concerned, having a higher percent of increase
in subtraction and division. In subtraction the difference was not great
from LM and L. LM + L had the highest percent of increase in addition,
subtraction, and the memory item, while I + C maintained the highest

percent of improvement in multiplication and division.
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TABLE 4.30

ITEMS ON WISCONSIN TEST

LM

GRADE 3

L

I

PRE %

POST %

PRE.Z%Z POST %

PRE. %

POST 7

PRE %

POST %

Loglc: addition
(1-1,1-13,1-20,
2-20,2-25)

70.58

73.14 68.20

oy

74,09

70.08

72.10

70.44

66.59

Logic: subtrac-
tion (1-2,1-8,
1-19,2-1,2-13)

58.75

62.03 59.48

62

.61

53.61

59.48

54.67

50.11

Logic: Multipli-

cation (1-7,1-14,

2-2,2-8)

52.41

72.85 52.37

67.

39

48.70

69.56

44,72

63.74

Logic: Division
(1-25, 1-26)

62.50

75.85 51.29

69

.27

48.74

81.46

54.45

67.58

Logic: Memory
(2-9)

24,52

32,85 35.34

30

43

30.25

35.48

23.33

10.99

Total on logic-

related items

including Logic:
Memory

53.75

63.34 53.34

60

.82

50.28

63.24

49,52

51.80

Total on logic-

related items

without Logic:
Memory

61.06

70.96 57.84

68

.42

55.28

70.18

56.07

62.01
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TABLE 4.30 (continued)

ITEMS ON WISCONSIN TEST

out Logic: Memory

GRADE 3

LM + L I +C TOTAL TOTAL
ITEM TYPE PRE % POST % PRE %# POST % PRE # POST %
Logic: addition
(1-1,1-13,1-20, 69.39 73.62 70.26 69.30 69.83 71.46
2-20,2-25)
Logic: subtrac-
tion (1-2,1-8, 59.12 62.32 54.14 53.85 56.63 58.09
1-19,2-1,2-13)
Logic: multipli-
cation (1-7, 52.39 70.12 46.71 66.65 49,55 68.39
1-14,2-2,2-8)
Logic: division 56,90 72,71 51.60 74,52 54.25 73.62
1-25,1-26
S 29,93 31.64 26.79 23.24 28,36 27.44
Total on Logic-
related items 53.55 62.08 49.90 57.52 51.73 59.80
including Logic

Memory

Total on Logic-
related items with- 59.45 69.69 55.68 66.10 57.57 67.90
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TABLE 4.31

PERCENT ON CHANGE ON LOGIC-RELATED ITEMS
ON WISCONSIN TESTS

GRADE 3

ITEM GROUPS LM L. E} E_ LM+L I4+C TOTAL
IN LOGIC 7 7 % % 7 7 7
Addition 3.6 8.6 2.9 -5.5 6.1 -l.4 2.3
Subtraction 5.6 5.3 7.4 -8.3 5.4 - .5 2.6
Multiplication 39.0 28.7 42.8 42.5 33.8  42.7  38.0
Division 21.4 35.6 67.1 24.1 27.8  44.4  35.7
Memory 34.0 -13.9 17.3-52.9 5.7 -13.3  =-3.2
Total with 17.8 14.0 25.8 4.6 15.9  15.3  15.6
memory item

Total without 16.2 18.3 27.0 10.6 17.2  18.7  17.9

memory item

% = percent of change from pretest to posttest on logic-related items
on Grade 3, Wisconsin Contemporary Elementary Mathematics Test
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WISCONSIN GRADE 6 ITEM ANALYSIS

Items on the 6th grade Wisconsin Mathematics test were categorized
into the following 13 mathematical sub-categories:
Addition (A), 6
Division (D), 4
Fractions (FR), 6
Fundamentals (FU), 3
Geometry (G), 6
Geometry: angles (GA), 4
Measurement: area (MA), 5
Measurement: in general (ME), 2
Measurement: length (ML), 3
Multiplication (MU), 6
Place Value (PV), 5
Sets (S), 8

Subtraction (SU), 2

The logic-related items on the test were of two kinds predominately:
1) the regular number sentence items such as 1-5:
Which sign makes the statement true?
350 - 50 () 196
a) > b) - ¢) < d) =
and 2) if-then statements either with or without placeholders.

Examples of this type are:

2~-13 If D + A= O, then'A +‘D must equal:
a)<> b) A c)D d) E:]



126

2-7., If 77 +p = 107, and 107 - p =[j‘ s thenD is equal to:

a) 77 b) p ¢) 30 410

Students were required to think of truth and falsity in the first
type and there were several aspects of logic concerned in the second
type. There was on the 6th grade test, in contrast to the third grade
form, greater variety in the topics under mathematical categories.

For example, not all of the items in division involved number sentences
as they did in grade three. This was a factor in providing more variety
for the students in addition to complicating the categorization by the
researcher. However, it was viewed as a minor difficulty.

There were different kinds of mathematical operations involved in
the number sentences in the logic-related items, although there was a
strong tendency to concentrate on properties of operations such as
commutativity, associativity, and the distributive law of multiplication
over addition. These were involved in five of the twelve logic-related
items.

The rank order of mathematical topics according to percent of
students with correct answers is in Table 4.32. However, this table
should be used with Tables 4.33 and 4.34 in order to determine some of
the aspects of change present in all treatment groups. From Table 4.32,
eight of the greatest percent correct were obtained in LM posttest |
scores; three in L posttest scores; 2 in C, one in pretest and one in
posttest scores. What this actually indicates, one can't be sure,
except that it is fair to conjecture that' teaching logic during mathe-
matics did, in no way, penalize the students as far as mathematics

achievement is concerned and might even have assisted it.
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TABLE 4.32

RANK ORDER OF TOPICS ON WISCONSIN
MATHEMATICS TEST

GRADE 6
LM PRE LM POST L PRE"- L POST
RANK TOPIC % TOPIC % TOPIC % TOPIC %
1 ME 80.42 ME 88.33 ME 84.54 ME 89.00
2 FU 74.17 SuU 80.00 FU 78.10 FU 80.22
3 SU 74.17 FU 77,50 S 76.75 S 79.84
4 A 70,70 A 76.81 SU 72.22 sU 79.19
5 S 69.58 S 73.75 A 68.60 PV 71.96
6 PV 67.33 MU 71.25 PV 65.99 A 70.57
7 ML 64.44 PV  67.33 MU 64.24 MU 65.23
8 MU 60,69 ML 66.95 ML 63.29 ML 62,52
9 GA 60.21 MA 61.67 MA 53.62 MA 57.80
10 D 54.79 GA 60.21 D 51.93 D 57,65 -
11 MA 50,00 D 58.75 GA 50.12 GA 53.59
12 FR 45.28 FR 55.28 G 46.22 FR 50.16
13 G 36.53 G 51.67 FR 42.83 G 49.36
ABBREVIATIONS
= Addition ME = Measurement: in general
D = Division ML = Measurement: length
FR = Fractions MU = Multiplication
FU = Fundamentals PV = Place Value
G = Geometry S = Sets
GA = Geometry: angles SU = Subtraction
MA = Measurement: area

% = percent of students who answered the topics correctly
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TABLE 4.32 (continued)

RANK ORDER OF TOPICS ON WISCONSIN
MATHEMATICS TEST

GRADE 6

I PRE 1 POST C_PRE C POST - TOTAL PRE TOTAL POST
RANK TOPIC % TOPIC %z TOPIC % TOPIC Z TOPIC 7% TOPIC %
1 ME 80.77 ME 82.59 FU 79.76 ME 84.78 ME 79.38 ME 86.17
2 S 62.50 S 67.74 S 76.15 FU 78.65 S 71.25 FU 74.98
3 SU 61.54 SU 65,16 ME 71.78 S 78.34 SU 69.01 S 74.92
4 ML 60.08 FU 63,55 MU 69.12 MU 72,55 FU 68.91 MU 74.90
5 A 57.48 PV 58.45 SU 68,10 A 71.53 A 65.32 su 71.93
6 PV 55.77 A 58.39 PV 66.87 ML 69.57 PV 63.99 A 69.33
7 MU 52.56 MU 57.96 A 64.52 PV 69.56 ML 62.45 PV 66.83
8 FU 48.93 ML 51.40 ML €1.96 SU 63.36 MU 61.64 ML 62.61
9 MA 47.68 MA 49.81 MA 60.74 MA 60.37 MA 53.01 MA 57.41
10 FR 44.77 GA 45.81 D 52.61 D 56.21 D 49.17 D 54.36
11 G 40,49 D 44.84 FR 44.?8 FR 56.01 GA 47.82 GA 52.25
12 GA 37.98 FR 43.76 GA 42.95 GA 49.38 FR 44.31 FR 51.30

37.34 G 42.80 G 39.88 G 44,62 G 40.78 G 47.11

[N
w
j=)

% = percent of students who answered the topics correctly
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In Table 4.33, where percent  of change from pretest to posttest is
listed, LM had the greatest percent in three areas; L in two; I in four;
and C in four. A study of lesson plans  and topits taught during that
interval of the project indicates that, for example, in addition where
C had the greatest increase, fractions, measurement -- all were topics
taught during this interval. This was true with certain topics in which
I had the greatest increase, namely, fundamentals (most of which were
concerned with ideas of "greater than" and "less than'), geometry of
angles and sets.

There was no indication, in the lesson plans of teachers, in treat-
ments LM and L, that topics in which these groups had the greatest per-
cent of correct answers were formally taken in class during that time,
although it is obvious that some of them must have been. However, what
is interesting ag;ut treatments LM and L, that while geometry was not a
formal part of any of the plans during this period of the study, it had
a significant increase in treatment LM. In relating logic and mathematics,
it was found that geometric topics lend themselves very well to this,
particularly in the class reasoning as well as in disjunction and con-
junction.

There was no conscious attempt to teach any new geometric ideas
during this period except to assure that students could use geometric
examples meaningfully and without being distracted from the main thrust
of the logic. Also, there is some relationship with these topics as
shown in group LM as seen from Table 4.33. Ihere was a great increase

in measurement of area and while nothing was taught on the other topics

in measurement, there was an increase. This was not the case in treatment
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TABLE 4.33

PERCENT OF CHANGE.EROM‘WiSCbNSiN’fRETEST‘TO POSTTEST

on Test

GRADE 6
TOPLC M L I -C " TOTAL LM+L I+C
Addition 8.6 2.9 1.8 10.9 6.1 5.8 6.5
Fractions 22.1 17.1 2.3 26.2 16.9 19.7 11.9
Fundamentals 4.5 2.7 29.9 4.9 8.8 3.6 10.5
Geometry 41.4 6.8 6.2 11.9 15.5 22.1 8.8
Geometry: 0 6.9 20.6  15.0 9.3 3.1 17.6
angles
Measuremnt: 23-3 7.8 4;5 "'0.1 8-3 15.3 Bl 106
area
Measurement: .
in general 9.8 5.3 2.3 18.1 8.6 7.5 9.7
Measurement: 5 o  _y 5 _14.4  12.3 0.2 1.4 - :8
length
Multiplica- . 4 1.5 10.3 5.0 9.3 9.2 7.3
tion
Place Value 0 9.0 4.8 4,0 4.4 4,5 4.4
Sets 6.0 4.0 8.4 2.9 5.2 5.0 5.4
LOGIC-RELATED ITEMS ON GR. 6 WISCONSIN
Logic: Number g¢,1 7.0 -9  12.1 9.9 13.4 6.0
Sentences
1f-Then 12.0 11.4 8.3 10.0  10.4 12.1 9.2
Statements
Logic:total 16.1 9.2 3.7 11.1 10.2 12,8 7.7
Entire Total
of All Items 10.0 5.9 6.5 ?.0 8.6 8.0 6.8
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TABLE 4.34

PERCENT OF CORRECT RESPONSES ON LOGIC-RELATED
ITEMS ON WISCONSIN TEST

GRADE 6
NUMBER LM L I C TOTAL
SENTENCES PRE POST PRE POST = PRE: POST PRE POST PRE POST

(1-5,1-7,
1-8,2-14, 62.78 75.42  65.30 69.85  53.95 53.44 61.96 69.44 61.00 67.04
2-19,2-25)

IF~THEN
STATEMENTS
(1-14,1-19,
1-28,2-1,  68.20 76.39  65.54 73.04 54.49 59.03 66.26 72.88 63.62 70.34
2-7,2-13)
TOTAL 65.49 75.91  65.42 71.45 54.22 56.24 64.14 71.16 62.32 68.69
IM+ L I14+C
PRE  POST PRE  POST
Number Sentences 64,04 72.64 57.96 61.44
If-Then State- 66.87 74.97 60.38 65.96
ments

TOTAL 65.46 73,81 59.17 63.70
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I or C. For example, in treatment C, there was the greatest percent
correct in measurement in general and measurement of length but a
negative difference in measurement of area. In I, there was a small
increase in measurement of area and measurement in general, but a
5

noticeable decrease in measurement of length. Inztreatment LM, there
was an increase in all aspects' of measurement and while no particular
new topic of measurement was taught, nevertheless there could have
been a transfer. Measurement presents several challenges but the 1dea
of measurement, regardless of what particular emphasis, is universal:
napely, finding a suitable unit, using it to count (i.e., to measure)
the object whose measure is desired.

It is interesting to note that group I had the greatest increase
in sets. Sets, per se, were not taught in the logic group but were
used constantly throughout the project. The items on sets in the
Wisconsin test were fairly routine. Three items were on equivalence of
sets, union and intersectiomn, subset and disjoint sets. It is doubtful
whether these items are meaningful as far as mpthematics achievement
is concerned--in the routine, almost memory-like approach used on this
test. Sets were considered in this project, like the logic itself, as
a tool for gaining greater mastery in mathematics. Therefore, students
in the logic project "used" sets but could quite possibly have been
trapped by over-verbalization on some of the set items.

The results for logic-related items are in Table 4.34., Treatment
LM showed the greatest increase in both the number sentences and if-then
sentences in the logic-related items on the Wisconsin test. In the
number sentences, both L and C showed substantial increases also. The

greatest increases in these items were on those where treatment C had
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been taught particular topics such as negative numbers, division, and
number properties. This same held true for if-then statement increases.
It is difficult, as it was with the third grade, to isolate precisely
the mathematical from the logical.

Note that in regard to both mathematical topics and logic-related
topics, LM + L had the greatest gain. In the entire total of the test,
as indicated in Table 4.33, the greatest percent of gain was obtained
by treatment LM with 10.0%, then C with 7%, then I with 6.5% and L with
5.9%. LM+ L had 8.0% of change with I + C, 6.8%. 1In the logic-related
items, the relative placement in regard to percent of change was about
the same. There was a 16-.1% increase in treatment LM; 11.1% increase
in C; 9.2% increase in L, with a 3.7% increase in I. There was not a
great difference between L and C as shown by Tables 4,33 and 4.34,

Two things should be noted with regard to treatment C. 1) Three of
the four teachers in treatment C had strong mathematical backgrounds and
all had received extensive in-service training on contemporary mathe-
matics. In fact, one of these teachers was currently attending a
rather advanced course in contemporary mathematics. Although we had
asked these teachers not to include anything on logic during the time of
the project, it is quite conceivable that logically-related items were
part of the program. Every contemporary program includes much on
number sentences, some work on if-then, with perhaps not a conscious
effort to examine these very closely.

2) Treatment C teachers had covered in their classes several more
topics than either of the other three treatments, even more than I where

there was the in-service class.
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LOGIC FINAL AND LOGIC RETENTION

In grade 6 logic final there was a significant difference at the .01
level between scores of treatment LM and L, favoring L as shown in
Table 4.36. This was true also for the logic retention. Note in Table
4.1 thdt the mean 1.Q. for group'L is 117.11, while it is 110.88 for
students in group LM. Since I.Q. is an important factor, the question
arises whether this difference can be attributed to I.Q. or not.

There was a significant difference at the .05 level in scores on
the logic final between treatments LM and L in grade 3, favoring the LM
group, but no significant difference in the retention test as shown in
Table 4.35. I.Q.'s for both treatments LM and L were not significantly
different with mean I.Q. for LM students = 111.03 and for L = 110.82, a
difference of .21. (See Table 4.1). This was in contrast to the .0l
level of significance between 1.Q.'s of grade 6 treatments LM and L as
indicated in the Scheffé Table 4.2, |

In grade 3, group LM had a substantially higher percent of correct
answers on the mathematical items on the logic final and logic retention
as seen in Tables 4.37 and 4.38. On the non-rathematical items, treat-
ment L had a higher percent of correct answers in the logic final, but
in the logic retention, LM was higher.

For the mathematical items on the logic final, grade 6 group LM had
a higher percent than treatment L, but in the retention, group L had
higher than LM. Group L had a higher percent on the non-mathematical
items in both the logic final and retention. Note that L has been

substantially higher in many aspects throughout the entire project.
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TABLE 4.35

ANALYSIS OF VARIANCE FOR LOGIC FINAL AND RETENTION
FOR GROUPS LM AND L

GRADE 3

GROUP MEAN EFFECT
LM 33.92 0.46
L 32,61 -0.85
SOURCE OF SUM OF MEAN
VARIATION DF SQUARES® SQUARE F RATIO SIGN.
Between groups 1 122.53 122,53 4.04 .05
Within groups 314 9533.93 30.36

TOTAL 315 9656 .47

COMPARE GROUPS BY PAIRS FOR LOGIC FINAL

LM N= 205 MEAN= 33.92 SIGMA= 5,90 T RATIO = 2.01 P ¢ .05
L N= 111 MEAN= 32.61 SIGMA= 4.69 F RATIO = 1.58

LOGIC RETENTION

GROUP MEAN EFFECT
LM 32.39 0.38
L 31.30 -0.71
SOURCE OF SUM OF MEAN
VARIATION DF SQUARES SQUARE F RATIO SIGN
Between groups 1 85.25 85.25 2.15 NS
Within groups 314 12441.75 39.62

TOTAL 315 12527 .00

COMPARE GROUPS BY PAIRS FOR LOGIC RETENTION

6.80 T RATIO = 1.47 NS
5.22 F RATIO = 1.70

LM N= 205 MEAN = 32 .39 SIGMA
L N= 111 MEAN = 31.30 SIGMA
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TABLE 4.36

ANALYSIS OF VARIANCE FOR LOGIC FINAL AND RETENTION
FOR GROUPS LM AND L

GRADE 6
LOGIC FINAL
GROUP MEAN EFFECT
LM 34.72 -2.23
L 38.27 1.31
SOURCE OF SUM OF MEAN
VARIATION DF SQUARES SQUARE F RATIO SIGN.
Between groups 1 940,89 940.89 42,34 .01
Within groups 319 7089.41 22,22
TOTAL 320 8030.30
COMPARE GROUPS BY PAIRS FOR LOGIC FINAL
LM N = 119 MEAN = 34.72 SIGMA = 4.63 T RATIO = -6.51 P g .0l
L N = 202 MEAN = 38.27 SIGMA = 4.76 F RATIO = 1,06
LOGIC RETENTION
GROUP MEAN EFFECT
LM 35.56 -2.62
L 39.73 1.54
SOURCE OF SUM OF MEAN
VARIATION DF SQUARES SQUARE F RATIO SIGN.
Between groups 1 1298.85 1298.85 63.03 .01
Within groups 319 6573.30 30.61
TOTAL 320 7872.16

COMPARE GROUPS BY PAIRS FOR LOGIC RETENTION

35.56 SIGMA = 4,51 T RATIO = -7.94 p g .01

LM N = 119 MEAN

L N = 202 MEAN 39.73 SIGMA = 4.56 F RATIO = 1.02
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ITEMS ON LOGIC FINAL AND LOGIC RETENTION TESTS
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TABLE 4,37

3LM 6LM
ITEMS FINAL RETEN. FINAL RETEN. FINAL RETEN. FINAL RETEN,
3 92,75 92.23 92.24 84.07 99.13 97.44 99.05 98.54
11 67.15 82.52 75.00 78.76 87.83 87.18 57.62 91.71
12 14.98 33.01 18.03 17.24 23,48 44.44 26.19 62.44
13 91.78 84.47 91.38 83.19 97.39 88.03 92.38 87.32
14 86.96 92.23 91.38 85.84 94.78 94.02 97.62 97.56
27 33.33 30.58 32.76 26.55 66.96 63.25 57.62 60.49
TOTAL 64.49 69.17 66.67 61.65 78.26 79.06 71.75 83.01
6 66.18 52.43 62.07 56.64 64.35 67.52 61.40 62.93
8 71.01 43.69 49.14 31.86 42,61 69.23 60,00 65.85
9 88.41 86.89 63.79 84.07 93.04 99.15 97.14 98.05
10 62,80 60.68 62.93 57.52 83.48 82.05 77.62 83.90
22 51.21 65.08 50,00 57.52 87.83 90.60 84.76 90.73
TOTAL 67.92 61.75 57.59 57.52 74.26 81.71 76.28 80.29
24 82,13 83.98 76.72 80.53 96.52 95.73 92,86 99.02
26 77.78 74.27 70.69 68.14 93.04 95.73 96.19 97.56
TOTAL 79.96 79.13 73.71 74.34 94,78 95.73 94,53 98.29
32 50.24 55.34 45,69 61.06 70.43 73.50 65.71 70.73
34 43.00 42.23 39.66 30,97 59.13 51.28 59.52 70.24
37 79.23 80,58 78.45 71.68 95.65 93.16 92.86 92.68
TOTAL 57.49 59.38 54.60 54.57 75.07 72.65 72,70 77.88
39 56.52 49.03 55.17 47.79 70.43 77.78 63.33 75.12
41 60.87 59.71 59.48 58.41 76.52 74.36 70,00 75.61
42 72,95 70.39 59.48 66.37 91.30 81.20 89.52 88.29
43 65.70 62.14 63.79 51.33 74.78 73.50 69.52 67.80
44 47.83 46,12 46,55 42.48 55.65 51.28 47.14 53.66
TOTAL 60.77 57.49 56.89 53.28 73.74 71.62 67.90 72.10
TOTAL OF
MATHEMA- 66.13 65.38 61.89 60.27 79.22 80.15 76.63 82.31
TICAL

LTEMS
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TABLE 4.38

3LM 3L 6LM 6L
ITEMS  FINAL RETEN. FINAL RETEN.. FINAL RETEN. FINAL RETEN.
1 68.67 70.39  65.82 62.83 91.30 88.03  89.04 95.12
2 85.99 88.35  93.10 87.61  95.65 97.44  98.57 99.02
TOTAL  77.33 79.37  79.46 75.22° 93.48  92.74 _ 93.81 97.07
4 71.98 74.76  66.38 67.26  39.13 67.52 59,05 79.51
5 84.54 70.39  79.31 61.95  67.83 71.79  78.57 80.49
7 66.18 93.20  62.07 88.50° _ 64.35 91.45 61,90 96.10
TOTAL  74.23 79.45  69.25 ~72.57° 57,10 76,92  61.55 85.37
23 97.10 94.66  94.83 92.04  96.52 98.29  92.86 99.51
25 48.79 54.37  54.31 55.75  76.52 87.18  80.48 81.95
TOTAL  72.95 74.52  74.57 73.90  86.52 92.74  86.67 90.73
28 91.30 90.78  95.69 92.92  98.26 95.73  95.24 96.59
29 54.11 54.37  50.00 42.48  36.52 67.52  66.19 86.34
30 81.64 76.21  73.28 73.45  91.30 88.89  90.00 90.24
31 89.86 87.86  94.83 88.50  97.39 94.02  95.71 94.15
33 64.25 76.69  75.00 62.83  77.39 66.67  76.19 84.39
35 78.26 82.04  81.90 78.76  94.78 95.73  99.52 98.05
36 66.18 66.50  50.43 52,21  57.76 59.83 74,29 85.85
TOTAL  75.09 76.35  74.45 70.16° _ 79.06 81.20 _ 85.31 90.80
38 75.85 75.24  74.14 75.22  88.70 93.16  92.86 97.56
46 73.91 76.70  83.62 75.22  92.17 94.87  92.38 92.20
47 85.02 86.89  93.10 86.73 ~  86.09° 91.45  92.86 90.73
TOTAL  78.26 79.61  83.62 79.06  88.99 93.16  92.70 93.50
TOTAL OF
§g§;¥é§§'75.57 77.86  76.27 74.18  81.03 87.35  85.00 91.49

ITEMS
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Whether this can be attributed to a higher I.Q. is debatable. Two of
the teachers in treatment L had extensive mathematical background but
detailed comparisons were not made on the teacher's background in all
treatments. Number of hours of mathematics studied is not sufficient
to gain information about this contribution because courses and
instructors vary so greatly.

For items that had some negation in them, group LM in grade 3 had
a higher percent correct than treatment L in both the logic final and
retention as shown in Table 4.39. The reverse was true in grade 6, with
group L having a higher percent correct in both tests. Interesting
enough, in grade 6, each treatment shared eight items which had highest
percent correct. There were 16 items with negation in them and despite
the fact that the total favored treatment L, they divided equally items
with highest percent of correct answers, Therefore, it is important to
search through the items and examine in detail what each entailed.
Generally, treatment LM did better on those sections concerned with

validity, with answers of 0.K. or Not 0.K. and Yes, No, Maybe in

negation.

Symbolism was in a class by itself, being neither mathematical
nor non-mathematical. Except for numbers 40 and 45, the items were
concerned with recognition of symbols used for disjunctioé; conjunction,
and implication to determine truth values. The teaching of these symbols
presented no difficulties on either 3rd or 6th grade level because all
symbols were used throughout the project. Table 4.40 indicates this,
particularly in items from 15-21. Number 40 had a Maybe answer, a deter-
mining factor which seems to pervade all aspects of the logic. Other

than that item, symbolic items rated as high as any on the test.
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PERCENT OF CORRECT RESPONSES"ON ITEMS WITH

NEGATION ON LOGIC FINAL AND‘LOGIC RETENTION TESTS

3LM | 3L 6LM 6L
ITEMS FINAL RETEN. FINAL. ' RETEN.. . .. FINAL. . RETEN. FINAL RETEN.
4 71,98 74.76 66.38 “ 67.26 ~39.13 67.52 59.05 79.51
5 84.54 70,39 79.31 61.95 """ 67.83 71.79 78.57 80.49
6 66.18 52.43  62.07 56164 64.35 67.52 61.90 62.93
7 86.96 93.20 95.69 88,50 92,17 91.45 96.19 96,10
8 71.01 43.69 49.14. °31.86. . .42.61 69.23  60.00 65.85
TOTAL _ 76.13 66.89  70.52 61.24 . 61.22 73.50 71.14 76.98
10 62.80 60.68 62.93 57.52 83.48 82.05 77.62  83.90
22 51.21 65.05 50,00 57.52 87.83  90.60 84.76 90.73
TOTAL  57.01 62.87 56.47 57.52 85.66 86.33 81.19 87.32
30 81.64 76.21 73.28  73.45 91.30 88.89 90.00 90.24
31 89.86 87.86 94.83 88.50 97.39 94,02 95.71 94.15
32 50.24 55.34 45.69 61.06 70.43  73.50 65.71 70.73
36 66.18 66.50 50.43 52.21  57.76  59.83 74.29  85.85
TOTAL  71.98 71.48 66.06 68.81 79.22  79.06 81.43 85.24
41 60.87 59.71 59,48 58.41 76.52  74.36 70.00 75.61
42 72.95 70.39 59.48 66.37 91.30 81.20 89.52 88.29
43 65.70 62.14 63.79 51.33 74.78  73.50 69.52 67.80
45 62.80 61.65 55.17 53.98 73.91 67.52 72.86 74.15
47 85.02  86.89 93,10 86.73 86.09° 91.45 92.86 90.73
TOTAL 69.47 68.16 66.20 63.36.  80.52 77.71 78.95 79.32
TOTAL ON
;i?ﬂs 68.65 67.35 64.81 62.73 76.66 79.15 78.18 82.22

NEGATION
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TABLE 4.40

PERCENT OF CORRECT RESPONSES" ON ITEMS WITH
SYMBOLISM ON LOGIC FINAL' AND LOGIC RETENTION

3LM 3L 6LM 6L

ITEMS FINAL RETEN, - FINAL. .RETEN. FINAL. . RETEN. FINAL RETEN.
15 99.52 99.51 97.41 99512 " 95.65 93.16 99.05 100.00
16 97.58 96.12 97.41 "96.46 ~  88.70 91.45 99.05 99.51
17 83.09 71.84 76.72  77.88 82.61 74.36 88.57 84.39
18 98.55 97.57 96.55 99,12 92.17 90.60  100.00 99.51
19 68.60 58.25 49.14 53.98 62.61 49.57 73.33  72.20
20 98.55 97.57 96.55 98.23 93.04 92.31 97.62 100.00
21 99.52 99.03 97.41 97.35 .  85.22 94.02  100.00 99.02

TOTAL  92.20 88.56 87,31, 88,88 85.71 . 83.64 93.93 93.52
40 32.37 31.55 52.59 38.94 26.09 32.48 39.05 41.95
45 62.80 61.65 55.17. 53.98.  73.91 67.52 72.86 74.15

TOTAL  47.59 46.60 53.88 46.46 50.00 50.00 55.96 58.05

TOTAL ON

;gggﬁ 69.90 67.58 70,60 67.67 67.86 66.82 74.96 75.79

SYMBOLISM
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In grade 3, group L did better on the final and group LM only
slightly better than L on the retention. Group L had a higher per-
cent of correct responses on both the final and retention tests when
two scores were averaged together.

It was difficult to classify items into class reasoning and
conditional reasoning because' there were various types of each on
the test. However, in order better to compare it with the Cornell
tests, just the items concerned with validity and invalidity were
categorized, The first three items, for example, as well as numbers
4-8, were all concerned with ctlass reasoning. It is necessary to
keep in mind the criteria used in subdividing the items.

In grade 3 in class reasoning, treatment L did better than LM on
the final but not as well on retention as shown in Table 4.41. In
grade 6, group LM did better than group L on the final, but not as
well on retention. In conditional reasoning, treatment LM in grade 3
had a higher percent of correct responses in both the logic final and
retention. The reverse was true in grade 6, with group L doing better
than LM in both.

In contrast to the findings on the Cornell study with the two
tests of reasoning, the students overall did better in all treatment
and all grades in conditional reasoning than in class reasoning. It
is difficult to determine the reason for this, because two of the
three Maybe answers are in conditional reasoning, and all the "contrary
to ordinary experience" and "contrary to mathematical experience"

items are in conditional reasoning.
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PERCENT OF CORRECT RESPONSES ON CLASS AND

CONDITIONAL REASONING ITEMS ON LOGIC FINAL AND RETENTION TESTS
CLASS REASONING
3LM 3L 6LM 6L

ITEM FINAL RETEN. FINAL " RETEN.. FINAL. - RETEN. FINAL RETEN.
28 91.30 90.78 95.69 92,92 98.26 95.73 95.24 96.59
34 43.00 42.23 39.66 30.97 59,13 51.28 59.52 70.24
40 32,37 31.55 52.59 38.94 26,09 32.48 39.05 41.95
41 60.87 59.71 59.48 58.41 76.52 74.36 70.00 75.61
42 72,95 70.39 59.48 66.37 91.30 81.20 89,52 88.29
44 47.83 46.12 46.55 42.48 55.65 51.28 47.14 53.66
45 62.80 61.65 55.17 53.98 73.91 67.52 72,86 74.15
46 73.91 76.70 83.62 75.22 92.17 94.87 92.38 92.20
47 85.02 86.89 93.10 86.73 86.09 91.45 92.86 90.73

TOTAL 63.34 62.89 65.04 60.67 . 73.24 71.13 73.17 75.94

CONDITIONAL REASONING
3LM 3L 6LM 6L

ITEM FINAL RETEN. FINAL . RETEN.. ~ -FINAL..RETEN. FINAL RETEN.
29 54.11 54.37 50.00 42.48 36.52 67.52 66.19 86.34
30 81.64 76.21 73.28 73.45 91.30 88.89 90.00 90.24
31 89.86 87.86 94.83 88.50 97.39 94.02 95.71 94.15
32 50.24 55.34 45,69 61.06 70.43 73.50 65.71 70.73
33 64.25 76.69 75.00 62.83 77.39 66.67 76.19 84.39
35 78.26 82.04 81.90 78.76 94.78 95.73 99.52 98.05
36 66.18 66.50 50.43 52.21 57.76 59.83 74,29 85.85
37 79.23 80.58 78.45 71.68 95.65 93.16 92.86 92.68
38 75.85 75.24 74.14 75.22 88.70 93.16 92,86 97.56
39 56.52 49.03 55.17 47.79 70.43 77.78 63.33 75.12
43 65.70 62.14 63,79 51.33 74.78 73.50 69.52 67.80

TOTAL 69.26 69.64 67.52 64,12 77.74 80.34 80.56 85.72

TOTAL

CLASS 66.30 66.27 66.28 62.40 75,49 75.74 76.87 80.83

AND CON-

DITIONAL

REASONING
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Items 34, 40, and 47 seem to be the lowest in class reasoning. Example
34 involves the validity or invalidity of the converse, a principle low in
percent of correct responses on both ctlass and conditional reasoning in
the Cornell tebts. Maybe is the answer to 40. However, on the conditional
reasoning, 33 involves the converse and students in both grades did con-
siderably better on it. One wonders if the familiar item, the policeman,
has something to do with this. ' Certainly policemen are more interesting
to most youngsters than whole numbers divisible by 6. This examination
of familiar and more interesting object needs to be considered in analyz-
ing this data. It turned up again and again in oral presentation. Some
familiar examples used to teach logical principles were helpful; others
were not. It was conjectured that teachers must know, at least in a
broad sense, the experiences of the children at the level at which he
is teaching. On the rank order of items on both the logic final and
retention, numbers 34 and 40 were in the lowest fourth.

A factor in the logic final test was the idea of determining
validity when the things talked about were contrary to experience, as
for example, lemons being bigger than pineapples and pineapples bigger
than basketballs. Also some items were contrary to mathematical exper-
jence such as all numbers being divisible by three being even. Table
4.42 shows the percent of correct responses for such items.

In the "contrary to non-mathematical experiences' in grade 3, treat-
ment LM did better than treatment L in both the final and retention
while in grade 6, treatment L did better than LM in the final and only
slightly better than LM in the retention. In the "contrary to mathematical

experiences" in both grades, group LM did better than L in both the logic

final and logic retention.
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TABLE 4.42

3LM . 3L 6LM
ITEM  FINAL RETEN. FINAL RETEN..  FINAL. RETEN.. FINAL RETEN.
25 48.79 54.37 54,31 55.75 76.52 87.18 80.48 81.95
30 81.64 76.21 73.28 73.45 91.30 88.89 90.00 90.24
35 78.26 82.04 81.90 ~ 78.76 94.78 95.73 99.52 98.05
38 75.85 75.24 74.14  75.22..  88.70 .93.16 92.86 97.56
TOTAL 71.14 71.97 70.91 70.80. .87.83 91.24 90.72 91.95
CONTRARY TO MATHEMATICAL EXPERIENCE
3LM 6LM
ITEM  FINAL RETEN. FINAL RETEN. FINAL RETEN. FINAL RETEN.
26 77.78 74.27 70.69 68.14 93.04 95.73 96.19 97.56
32 50.24 55.34 45.69 61.06 70.43 73.50 65.71 70.73
37 79.23 80.58 78.45 71.68 95.65 93.16 92.86 92.68
43 65.70 62.14 63.79 51.33°° ~ 74.78° 73.50 69.52 67.80
TOTAL 68.24 68.08 64.66 .63.05. 83.48..83.97. 81.07 82,19
TOTAL
OF
IrEMs  69:69 70.03 67.79 66.93 85.66 87.61 85.90 87.07
CONTRARY
TO

EXPERIENCE
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During the teaching of items which seemed to contradict what the
children were familiar with, in the third grade there was a kind of
reluctance to suppose things that were against ordinary, classroom
and perhaps, family experience. For example, if the third graders
were to 'suppose that their teacher who was tall, was short," '"that
their Dad was bald (and he was not),'" there was great difficulty in
working with logical principles. On the other hand, they found it
quite easy; and in fact, were often eager, to accept that "cows could
smoke","airplane could talk", "horses had their hair done", '"cats made
good quarterbacks,'" probably a kind of Walt Disney syndrome. This
rigidity almost, to the mundane, to the daily experience is evident in
some of the observations of experiments which Piaget did. There seemed
to be little problem along these lines with the Sixth graders as it was
not reported by any teacher in the discussion of the above-mentioned
aspect.

In order to determine what effect kinds of answers such as 0.K.,

Not O.K., Yes, No, and Maybe had on correct responses, Table 4.43 clearly

shows that items with a Maybe answer had the least percent of correct
responses. In fact, it seems that this Maybe answer phenomenon pervades
several analyses. Items 28-37 were concerned with validity and children
were requested merely to indicate O.K. if the conclusion followed
necessarily from the premises and Not 0.K., if it did not. The Maybe
factor did not enter into this section.

In the next section, validity was a key point, that is, while the
form of the items was different from those of the previous section,
nevertheless validity was the idea being tested. If one eliminates the

Maybe answers as shown in Table 4.43, there was no apparent or substantial
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TABLE 4.43

PERCENT OF CORRECT RESPONSES” ON' SELECTED ITEMS
ON LOGIC FINAL AND LOGIC RETENTION TESTS

3LM

3L

ITEM

FINAL RETEN.

FINAL. ' REIEN.

6LM

6L

FINAL. . RETEN..

FINAL RETEN.

ANSWERS

YES 74,24

NO 68.60
MAYBE 45.57

74.11

67.60
42,23

72.41 " 72.47

62.61
43.07

67.89
51.44

"90.72

89.74

76.71
53.85

77.83
50.72

91.59 92.68

77.07
56.91

76.31
49.84

ITEMS
28-37
VALIDITY

69.81

71.26

68.49 65.49

77.86 78.63

81.52 86.93

LTEMS
38-47
VALIDITY,
INVALIDITY

63.38

61.94

64.31 59.64

73.56  73.75

72.95 75.71

AND MAYBE
LTEMS

38-47
WITHOUT
MAYBE
ITEMS

71.01

70.39

69.83 66.75

83.35 82.29

82.86 83.76

ITEMS
28, 30,
31, 35,
37 WITH
0.K. AS
ANSWERS

84.06

83.49

84.83 81.06

95.48 93.51

94,67 94.34

ITEMS 29,
32,33,
34,36
WITH

NOT 0.K.
AS ANSWERS

55.56

59.03

52,16 49.91

60.25 63.76

68.38 79.51




148

difference between the forms of the items.” In the first section, items
28-37, the conclusion was stated in a sentence form. In the second
section, items 38-47, a question was asked about the conclusion. Once
again, this seems in line with the findings of O'Brien and Shapiro (82),
and would seem to firm up the caution about interpreting the findings

of Hill in regard to this Maybe factor.

In section 28-37, with two choices of answers, 0.K. and Not 0.K.,

Table 4.43 indicates that there is a substantial difference in percent
of correct responses for these answers. In all treatments in both
grades, the O.K. items were answered substantially better than the Not
0.K. answers. Except for one of the O0.,K. answers, the items were all
conditional reasoning and except for one also, all non-mathematical.

To make it more difficult, the Not O.K. items, except for one, were
conditional reasoning also, and except for two, were also non-mathemati-
cal. Perhaps this follows the same pattern with regard to the Yes, No
answers. While there is not as much difference between them as there
is between these and the Maybe answers, in this study, the Yes answers

consistently have a higher percent of students answering them correctly,
CORRELATION

In the correlation Tables, 4.44 and 4.45, the greatest relation
appears to be between pretests and posttests of the same test, as would
be expected. There was a significant correlation between the logic final
and logic retention in both the LM and L treatments. In treatment LM,

the correlation between the logic final and Cornell reasoning was higher

than L treatment on the pretest and lower than L on the posttest. The
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TABLE 4 .44

INTERCORRELATIONS OF DESCRIPTIVE AND FINAL
VARIABLES BY TREATMENT GROUPS LM AND L

GRADES 3 AND 6

VARI- CLASS COND. .WIS., CLASS COND. WIS. LOGIC LOGIC ATTI-

ABLE GROUP PRE PRE PRE " POST  POST POST "FINAL RET. TUDE I.Q. AGE

Class LM 1.00

Pre L 1.00

Cond. LM .36 1.00

Pre L .34 1.00

Wis. LM .53 .38 1.00

Pre L .51 .36 1.00

Class LM 42 .20 .34 1.00

Post L .58 .29 .55 1.00

Cond. LM .37 .46 .40 .26 1.00

Post L .51 .38 .49 w53 1.00

Wis. LM .50 .35 .81 .34 .38 1.00

Post L .49 .30 .80 .52 .48 1.00

Logic LM .54 .31 .52 .40 .45 .51 1.00

Final L .52 .28 .66 .59 .52 .66 1.00

Logic LM .54 .35 A5 .36 b4 45 .73 1.00

Ret. L .52 .29 .59 .63 51 .61 .77 1.00

Atti- LM .12 .06 11 ,03 .09 .13 .15 .11 1.00

tude L .18 .06 .19 .15 .15 .20 .16 .18 1.00

1.Q. LM .37 .25 .38 .19 .29 40 4l .36 .14 1.00
L .36 .27 .54 .34 .31 .58 .45 L4l .12 1.00

Age LM 22 .19 .34 .06 .17 41 .02 .18 -.06 -.10 1.00
L .33 .07 46 42 .29 42 A .58 .27 .16 1,00
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TABLE 4.45

INTERCORRELATIONS OF DESCRIPTiVE AND FINAL

VARIABLES BY TREATMENT GROUPS I AND C

GRADES 3 AND 6

VARI- CLASS COND. WI1Ss. CLASS COND. WIS. ATTI~
ABLE GROUP PRE PRE PRE"" " POST "~ POST ' POST TUDE 1.Q. AGE
Class I 1.00
Pre C 1.00
Cond. 1 .36 1.00
Pre C A4 1.00
Wis. I 47 .32 1.00
Pre C .67 .45 1.00
Class I .55 .25 .39 1.00
Post C .67 .41 .64 1.00
Cond. 1 .41 .51 .35 .40 1.00
Post C .53 .54 .50 .58 1.00
Wis. 1 .39 .26 .79 .37 .35 1.00
Post C .66 .36 .86 .65 Jad 1.00
Atti- I .01 .02 .17 -.04 .04 .16 1.00
tude C .05 .13 .21 .15 »11 .20 1.00
I1.Q. 1 41 .29 .57 40 .34 .57 04 1.00
C .50 .34 .58 .49 A7 .55 27 1.00
Age T .38 .02 .22 .36 14 .18 .16 21 1.00
(in C .52 .28 57 A2 .35 .57 .17 .43 1.00

months)
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correlation between the logic final and Wisconsin pretest and posttest
was about .14 lower in treatment LM than in L. It is uncertain what
this could indicate.

Except for treatment LM, the correlation between the pretest and
posttest of class reasoning was higher than for the correlation between
pretest and posttest of conditional reasoning. I1.Q. correlated highest
with the Wisconsin mathematics test generally in all treatments and
particularly in treatments LM and L, it correlated significantly with
the logic final and logic retention. After this, I.Q. scored next
highest with class reasoning rather than conditional reasoning.

In all treatments, the conditional pretest correlated highest with
conditional posttest; Wisconsin pretests with Wisconsin posttest and
logic final with logic retention. The class reasoning pretest correla-
ted highest with class reasoning posttest in treatments L, I, and C, but
not in LM where it correlated highest with logic final and logic retention.

Class posttest correlated highest with class pretest in treatments
LM, I, and C, but not in L where it correlated highest with logic reten-
tion and logic final. An interesting note occurs in conditional posttest
where it correlated highest with conditional pretest only in treatments
LM and I. In treatments L and C, it correlated highest with class
reasoning posttests.

Correlations regarding .attitude were not high but both Wisconsin
pretest and posttest ranked among the highest correlations to this
variable. I.Q. correlated more highly with both Wisconsin tests in
general than any other score, but in treatments LM and L, there was a

high correlation between L.Q. and logic final. High correlations



152

regarding age were varied but Wisconsin pretest ranked among the highest
in each treatment. Logic final and logic retention were highly correla-
ted with age in treatment L, but not in treatment LM. Class pretest was
highly correlated in treatments I and C but not in treatments LM and L.
In treatments LM and L, the logic final and logic retention were
highly correlated with both class reasoning pretest and posttest,
Wisconsin pretest and posttest, with conditional posttest but not with

conditional pretest.

ATTITUDE TEST

There was a significant difference among the four treatments in scores
on the attitude test with p- < .0l for both grades 3 and 6. See Tables
4,46 and 4.47.

In both grades neither one of the logic groups scored highest in
attitude. Treatment group C scored highest in grade 3 and group I in
grade 6.

The higher the score, the more positive the attitude as the scale on
the test was: from 5 for like very much to 1 for dislike very much,

Since there were seven items on the attitude instrument: school, science,
reading, mathematics, addition, subtraction and logic, 35 was the maximum
score.

Even with the means on the attitude test adjusted with both I.Q. and
age, the level of significance, p < .01, remained. The overall picture
on the attitude tests indicates that in rank order of preference, the

following is true:



ANALYSIS

GROUP  MEAN
LM 26.14
L 24.39

26.60

C 27.58
SOURCE OF

VARIATION DF

Between groups 3

Within groups 507

TOTAL 510
GROUP MEAN
LM 25.92
L 26.82
If 28.16
c 27.77
SOURCE OF
VARIATION DF

Between groups 3
Within groups 585
TOTAL 588
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TABLE 4.46
OF VARIANCE OF ATTITUDE TEST
GRADE 3
EFFECT " STAND. DEVIATION N
0.17 4.97 205
-1.78 4.41 111
0.43 5.10 114
1.41 5.20 81
SUM OF MEAN
SQUARES SQUARE F RATIO SIGN.
540.24 180.08 7.43 .01
12285.28 24,23
12825.53
GRADE 6
EFFECT STAND. DEVIATION N
-1.,22 4.50 119
-0.32 4.19 202
1.01 3.62 113
0.62 4,32 155
SUM OF MEAN
SQUARES SQUARE’ F RATIO SIGN
374.77 124,92 7.13 .01
10250.67 17.52
10625.44
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TABLE 4.47

SCHEFFE TEST FOR DIFFERENCES IN ATTITUDE TEST

PAIRWISE SIGN. HIGHER SIGN. HIGHER
GROUPS LEVEL MEAN LEVEL MEAN
GR. 3 GR. 3 GR. 6 GR. 6
LM-L .05 LM NS L
LM-1 NS I .01 I
LM-C NS c .01 c
L-I 05 I NS I
L-C .01 c NS C
I-C NS C NS I

(LML) - (I+C) .01 I+C .01 I+C
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Grade 3 o Grade 6
Rank Order Topic Rank Order Topic
1 Mathematics (4.20) 1 Mathematics (4.56)
2 Science (4.10) 2 Reading (4.10)
3 School (4.08) 3 Addition (3.96)
4 Subtraction (3.76) 4 Science (3.90)
5 Reading (3.31) 5 Subtraction (3.56)
6 Addition (3.38) 6 School (3.50)
7 Logic (2.17) 7 Logic (2.29)

About the only commonality existing between the two grade levels is
the fact that they liked mathematics the most and logic the least. Test
scores regarding the attitude towards logic seemed contradictory to
statements made by teachers about the students' enjoying logic where it
was taught in treatments LM and L. It is conjectured that perhaps atti-
tude on tests of this kind reflect that students have a greater feeling
of success or achievement in certain areas where they have not yet felt
this towards the logic regardless of how they might have enjoyed class-
room experiences. .

Boys apparently liked school more than girls as shown in every
treatment group in Table 4.48. Except for the C group in grade 3,
girls favored science more than the boys and in every group, girls
liked mathematics more than the boys.

While logic was low not only for the I and C groups, but for the LM
and L groups also, yet not enough time was allowed for any kind of

mastery or even 'student satisfaction”" with lessons in logic. Perhaps
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too many principles were included in' the study whereas fewer principles
and more in-depth teaching might have indicated otherwise. No explana-
tion can be offered for girls liking science and mathematics more than
the boys.

An interesting result in the comparison of the attitude total scores
and mean scores on the pretests and posttests in class reasoning, condi-
tional reasoning, and Wisconsin contemporary mathematics, indicates in
both grade 3 and grade 6 that the groups with highest attitude scores
had lowest scores in achlevement. ' For example, in grade 3, C boys had
highest attitude scores and lowest in six tests; C girls had second
highest in attitude and second lowest in reasoning and mathematics.

(See Appendix B, Tables B.3 and B.4).

In grade 6, I boys had highest score on the attitude test and lowest
scores on the reasoning and mathematics test; I girls had second highest
in attitude and second lowest in the six tests mentioned previously.
Looking at the picture from the highest ranking in achievement: in grade
3, LM boys ranked highest but fourth in attitude; LM girls ranked second
highest in achievement but fifth in attitude. (See Appendix B, Tables
B.3 and B.4).

LM girls ranked highest in achievement in grade 6 but fifth in
attitude while L girls ranked second highest in achievement and tied for
fifth in attitude. It might be that there was still enough uncertainty
in both LM and L groups to influence the attitude towards logic.
Certainly with I and C groups, where the only contact with logic was
the taking of pretests and posttests in class and conditional reasoning,

not much can be inferred. It is interesting, however, in the overall
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TABLE 4.48

MEAN SCORES ON ATTITUDE TEST

GRADE 3

READ- MATHE- ADDI- SUBTRAC- TOTAL
GROUP SCHOOL SCIENCE ING  MATICS TION  T(ION LOGIC SCORE
LM BOYS 4.16 3.83 3.70 4.26 3.60 3.43 2.13 26.16
LM GIRLS 3.56 4.30 3,62 4,32 3.65 3.39 2.23 26,49
L BOYS 4.25 3.76 2,61 3,63 2,68 3.39 1.80 23.10
L GIRLS 3.63 4.37 3.0  4.40 3.12 3.63 2.17 25.85
I BOYS 4.32 3.86 3.27 4.08 3.31 3.86 2.03 25.80
I GIRLS 3.87 4.29 3.55 4.33 3.51 4.16 2.33 27.45
C BOYS 4.64 4,23 3,62 4,10 3,62 3.87 2.38 27.49
C GIRLS 4,24 4.19 3.07  4.45 3.57 4,33 2.26 27.67
MEAN 4.08 4.10 3.31 4,20 3.38 3.76 2.17

GRADE 6

READ- MATHE- ADDI- SUBTRAC- TOTAL
GROUP SCHOOL SCIENCE ING MATICS TION TION LOGIC _ SCORE
LM BOYS 3.37 3.64 3.63 4,22 3.47 3.19 2,00 24,54
LM GIRLS 3.33 4.21  3.97 4.54 3.84 3.59 2.26 27,13
L BOYS 3.65 3.83 3.90 4,40 3,87 3.23 2.20 26.26
L GIRLS 3.16 3.93  4.05 4.60 4.17 3.57 2.28 27.29
I BOYS 4.04 3.63 4.33 4,69 4.27 3.96 2.446  28.35
I GIRLS 3.05 4.15 4.41 4,79  4.16 3.87 2.39 28.00
C BOYS 4.06 3.73 4.28 4.48  3.99 3.65 2.41  27.92
C GIRLS 3.36 4.04 4.24 4.73 3.93 3.42 2,30 27.64
MEAN 3.50 3.90  4.10 4.56 3.96 3.56 2.29
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picture in both grades, that the I'and C groups tended to have a higher
score in their attitude towards logic. Maybe it could be conjectured
that a "little knowledge" makes it interesting whereas the '"imbalance"
engendered by some attention, perhaps not enough, inspires students to
realize their ignorance and not like it particularly. Obviously, this

needs added research.



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

In the final chapter there is a brief restatement of
the problem, followed by findings about the hypotheses,
answers to questions posed and suggestions for further

research in the area of logical thinking and mathematical

learning.

RESTATEMENT OF THE PROBLEM

This study was designed to investigate the role of
logic in mathematics in grades 3 and 6 and to examine the
teaching of various principles of logical thinking and

their relation to learning mathematics.

Four treatment groups were used: LM, in which
logic was taught interwoven with mathematics; L, in which
logic was taught separated from any mathematical application;
I, in which teachers of this group received in-service
instruction in mathematics; and C, a control group which
received no instruction in logic. Teachers in LM and L
received in-service instruction in logic. Treatment I was
designed to help isolate the factor of in-service training.
Teachers in C received no in-service training and students

in this group were taught no logic.

159
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Major questions asked in the study were:

1. Can the teaching of logic interwoven within
mathematics significantly affect the mathematics achievement

of third and sixth grade students?

2. Can the teaching of logic significantly affect
the development of logical thinking in third and sixth grade

children?

3. Is there a difference in the attainment of
logical thinking ability in third and sixth. grade. children?

If so, in what way is there a difference?

4, How much logic can be taught to.third graders?

to sixth graders?

5. What are the trouble areas for third graders in
logic? for sixth graders?

6. What are the easy areas of logic for third
graders? for sixth graders?

T. What did the third graders seem to have learned
in logic before their logic instruction? sixth graders?

8. What specific mathematical topics seem to be
aided by instruction in logic for third graders? for

sixth graders?
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9. What are some.of the similarities and. differences

in the .logical thinking mability of third and. sixth graders?

Questions 1-3 are restated as six null. hypotheses.

FINDINGS AND CONCLUSIONS

Hypothesis 1. There is no significant. difference in

the mathematics achievement of students in.grade. 3 and grade
6 between those who have been taught logic and. those who

have not been taught logic.

Findings: The hypothesis is rejected. . The two
groups, LM and L, taught logic achieved significantly
higher, p £ .01, than the two groups, I and C, in both
grades 3 and 6 on the posttests in mathematics achievement

using I. Q. or mathematics pretest as covariates.

Hypothesis 2. There is no significant. difference

in methematics achievement of students in grade 3. and grade
6 between those who have been taught logic. interwoven with
mathematics and those who have been taught logic separated

from and not linked with mathematics instruction.

. Findings: The hypothesis is accepted. . While the
group taught logic interwoven with mathematics scored
higher in both grade 3 and grade 6 than the group taught
logic without mathematics, these differences were not

significant.
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In the third grede: pretest in mathematics, the LM
group. scored about one-half a point higher than the L
group, while in grade 6, the L group scored about one and
one~half points higher. In. the posttests, the LM group
in grade 3 scored about nine-tenths of a point higher
than L; while in grade 6, the LM group scored .about seven-

tenths of a point higher.

Hypothesis 3. The teaching of logic does not

significantly affect the development of logical thinking

abilities in grade 3 and grade 6.

Findings: The hypothesis is rejected. The groups
taught logic scored significantly higher, p < .01, than
the groups not taught logic on both the class and. conditional
reasoning tests, using the corresponding pretests or I. Q.

as covariates.

Hypothesis L. There is no significant difference in

logic achievement in grade 3 and grade 6. between those who
have been taught logic interwoven with mathematics and those
who have been taught logic separated from and. not linked

with mathematics instruction.

Findings: The hypothesis is accepted on the basis of
the class and conditionml reasoning tests. Although LM

scored higher than group L in third grade and L scored
higher than LM in grade six, in both reasoning tests, these
differences were not.significant, using corresponding pre-

tests or I. Q. as covariates.
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In the third grade, the hypothesis is rejected on
the basis of the logic final where group LM scored
significantly higher, p < .05, than L. While LM scored
higher than L in the logic retention, this difference
was not significant. In the sixth grade, the hypothesis
is rejected on the basis of both the logic final and logic
retention as group L scored signifieantly higher, p =< .01,

than the LM group.

Hypothesis 5. There is - no significant difference

in the attainment of logical thinking abilities between

third and sixth grade students.

Findings: The hypothesis is rejected.. There was
a significant difference, p < .01, between the scores of
students in grade 3 and grade 6 on both class. reasoning
pretest and posttest as well as conditional reasoning
pretest and posttest. Scores on the logic. final and logic
retention administered. only to- groups LM and L.,. showed that

sixth graders scored substantielly higher on this test than

did the third graders.

Hypothesis 6. There is no significant. difference in

the logic achievement of boys and girls in grade 3 and

grade 6.

Findings: The. hypothesis is accepted. There was
no significant difference in any area of the study., either
in mathematics achievement or logic achievement, between boys

and girls in either grade 3 or grade 6.
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Several of the questions msked were not able to be
translated into statements of null hypotheses to be answered

precisely statistically. These are discussed below.

Question L. How much logic can be taught to third

graders? to sixth graders?

Findings: The added or hidden question of "What
should be taught?" as opposed to "What can be taught?"
enters the analyses here. Certain principles in class
reasoning in grade 3, such as transitivity, the. fact that
class exclusion is symmetric and the idea that a thing
cannot be both a member of the class and a non~member of
that same class, seemed to be easy for the. third graders
as well as the sixth graders. There was. a definite
division of principles in the. conditional reasoning in both
grade 3 and grade 6 which did not exist in.class.reasoning.
In other words, principles 1, 4, and 5 in both levels were
in top brackets and were learned much more readily by both
groups, as scores indicated, than the rest of the principles.
In class reasoning the spread of difference was. more gradual
and there was not a pronounced division.. Class reasoning,
as previously mentioned, was easier for both. groups than
conditional reasoning. . . Students were able, in. both groups,
to. learn symbolism with a minimum of difficulty. as evidenced
by the fact that about 72% of the students in both gfades

were able to do the symbolic items correctly.

The only symbolism which was taught was. used. extensively.
It was not an artificial lesson to determine whether children

could learn but an efficient tod, for example, to write
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A for "and"and V for "or," —* for "implies." The
fact that these were used consistently throughout the
instruction perhaps was the greatest single factor in the
mastery of themn. The use of symbolism was of particular
advantage to the third graders whose motor coordination is
somewhat less than speedy. TPhis meant that they would not
have to write as extensively. Motivation for. symbolism,

it was felt by the researcher, was built into the activities.

An analysis of the tables indicates, for example,
that there was only a slight change in the third graders'
scores on the contrapositive, this, despite more emphasis
on this principle in the instruction than towards others.
Previous research had indicated that children- do not do well
on this. The third grede and sixth grade both did better
than anticipated, but third graders did not seem to improve
as much as the instruction period might have warranted.
Furthermore, they were better able to do some kinds of
contraposition, namely, ones closely associated with their
own familiar experiences, than. those concerned with incidents
which were either contrary to their own eXxperience or

entirely divorced from anything they might hawve known.

Question 5. What are the trouble areas for third

graders in logic? for sixth graders?

There is, of necessity, some overlapping in this
gquestion with question 4 because in explaining what can be

taught, one necessarily has to point up some difficulties.

One of the difficulties in analyzing the data, other
than the fact that there is so much of 1it, is that students
were pretested and posttested on the Cornell class and con-

ditional reasoning tests. Yet certain of these. principles
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were not emphasized that much on the regular instruction,
particularly in third grade. However, on the logic
final test as administered to only LM and L groups,

there was a consistency of results in those topics and

principles which matched the items on the Cornell reasoning

tests.

For example, children in third grade did poorly on

items of fallacy concerning the converse. The. converse
is not always true; it may be. There are two general
ways of checking on the form of this principle. The first

one seemed to be easier for the students, namely, to ask

the following:

1) All A are B.

Is it true that all B are A?

YesD NOD Maybe [:

Secondly, to ask the same thing in terms of determin-

ing whether it is valid or invalid, where the "Maybe"

factor does not enter in. This could be as follows:

2) If all red candies on the dish are licorices,

then all licorices are red candies on the dish.

0. K Not O. K.

When the children in third grade were not "accosted"

with a "Maybe" choice, they did better on the converse.
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They also did better when the things they were talking
about were familiar to them or at the other extreme,
fantastic. However, in regard to "supposing things"

that were contrary to situations "close to. home," they

did not do well. This phenomenon did not occur in
grade 6. An example would serve to illustrate this
better.

Third graders haed no trouble, it seemed, supposing
that cows could smoke, cats are good quarterbacks, but
were reluctant to suppose that the teacher was tall if she
were short, that their fathers were bald if they had a lot
of hair.  This might be in line with what Piaget says
about children at this age: they cannot seem to gather
in all possibilities and. hypotheses of a situation, to
reason hypothetical-deductively in every illustration of a
principle. This was true with third grede and more
obvious in oral work than in written work. What apparently
seemed liké mastery of a principle, even in transivity,
where the third grade scores were high, was not as scolid
when examples were selected that contradicted their ob-
servations. It is difficult to explain this other than
perhaps calling it a kind of "Walt Disney" syndrome and
conjecture that animated cartoons and TV programs had made
them more attuned to the fantastic but less eager for the

hypothetical.

In sixth grade, cless reasoning was much easier than
conditional reésoning generally. While there was a small
change in the learning of the converse fallacy, when demon-
strated in class reasoning, it seemed easier than when shown

in conditional reasoning. In other words,. students were
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better able to see that if someone said that All A are B,
it was not necessarily true that all B are A. When it
was in the form of a conditional: If p implies g, then
does it follow that a q implies p, the principle became
much more difficult for the students in both grades, as
evidenced by their scores on the tests. However, more

changes were made with grade 6 in this regard.

Question 6. What are the easy areas of logic for

grade 3°? for grade 67

Findings: Transitivity was easy for both.grade levels
and there was not much chenge evidenced. .This can be

interpreted to mean that the student already knew this and

s0 not much change could be made . Although this study

did not determine, by way of pretest, the students' mastery

of statements with negations in them, nevertheless on the
logic final, 66% of grade 3 and 78% of grade. 6 answered items
with negatives in them correctly. Much work has been done

in the teaching of negatives, and once the students became
adept at it, they did not seem to lose it as. evidenced not
only by the logic final, but the logic retention. Symbolism,

as mentioned previously, was easy.

Conjunction was much easier to teach than disjunction
and once students became aware of differences between form
and content, certain logical principles seemed more readily
mastered. More detailed work was necessary in these areas
in grade 3 than in grade 6, because language had to be built
carefully. This is perhaps a key observation of this
project, the gradual development of a working language that

had precise meaning in logic and mathematics and yet could
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and often would not be interpreted correctly in ordinary

conversation.

It seemed almost impossible to teach certain topics
in conditional reasoning to grade 3 children and not much
time was spent after the initiel attempt. .For example,
with. implications, third graders were only briefly taught
what the if-then statement meant, what it did not mean,
and some familiar usages. In grade 6, more was studied,

and it apparently seemed to be easier for. these. students.

Question T. Whet did the third graders seem to have

learned in logic before their logic instruction?. the

sixth graders?

Findings: Scores on the pretest of class reasoning
indicate that both third and sixth graders scored highly on
the second principle which is transitivity and both seemed
to have a fairly good idea that whatever 1s a. member of a
class cannot be a non-member of 1it. This last principle
seems to be one fairly associated with common sense and
children reflected this. Sixth graders scored substantially

higher in both of these principles than the third graders.

In conditional reasoning, both levels scored.well on the
pretest in transivity- One can say with a fair degree of
certainty that children by the third grade level have a good
understanding of the principle of transitivity, with the
sixth graders having a more firm hoid an. it,. of course.

Both grade 3 and grade 6 did well on the pretest on the first
principle which is that of detachment, or modus ponens. The

remaining scores on the conditional for third graders would
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suggest that this is about all that one can determine
that they have very much knowledge of. With the sixth
graders in conditional reesoning, 75% answered correctly
the contrapositive, principle L, but did not maintain as
much consistency as one would hepe from. students who seem

to have an understanding of a principle.

Question 8. What specific mathematical topics seem

to be aided by instruction in. logic for third graders?

for sixth graders?

FPindings: There were substantial changes in the
group taught logic in the third grade in class reasoning
in class exclusion being symmetric, and the fallacy
principle: No A's are B's. No C's are B's. . Therefore
at least some A's are C's, which. is invalid. There was
not much change in the results as far as transitivity
because third graders had a fair understanding of this as
indicated in the pretest scores. There was only slight
improvement in the idea of the invalidity of the converse
and also in some aspects of the contrapositive. Both LM
and L improved in principle 7, but made only a slight gain
in principle 5, both of which are contrapositives. There
was substantial change in the knowledge of symbolism as
shown on the Cornell tests and as exhibited on the logic

final and logic retention in third grade .

In conditional reasoning, LM made gains in all
principles except the first one, but they seemed to have had
s better understanding of this than of the other principles
of conditional reasoning. L group increased in all princ-

iples except 2 and 7, but their gains, for the most part,
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were not as great as the LM group.

Generally, almost &ll principles seemed to. have been
aided by the logicel instruction but the fact that over-
all in grade three, conditional reasoning while showing a
certein percent of improvement, nevertheless, was not
learned as well as class reasoning. Basic ideas of con-
ditional reasoning, the meaning of the if-then relation-

ship, certainly, vwere improved.

In grade 6, instruction did not appear to change
students' scores on transitivity and the fact that an
object could not be both a member and a non-member of a
set at the same time. The most improvement in grade 6
in class reasoning was in principle T, a form of the con-
trapositive which says: All A's are B's. No C's are B's.
Therefore no C's are A's. It appears that more progress
was made in grade 6 in those principles which seemed to
have been very difficult for grade 3 and in which, while
there was some improvement, nevertheless the total scores

on these were not high.

Grade 6, like grade 3, had a higher percent of change
in conditional reasoning than in class reasoning., but in
grade 6, the percent of correct responses. was . much higher
in conditional reasoning. The idea of fallecy, contra-
positive, and converse seemed to have taken hold much more

by aid of instruction in grade 6 than in grade 3.

Question 9. What are some of the similarities and

differences in the logical thinking ability of third and

sixth graders?



172

Findings: Both groups seemed to have. a good under-
standing of transitivity. "While the third. grade maintained

lower scores on these principles, nevertheless they, along
with the sixth graders, seemed to have. a fair amount of
knowledge of the basic idea that whatever is a member of

a class is not a non-member of that class and alsc that
class exclusion was symmetric. After those. three princ-
iples, the other four seemed to be much different as far as
initial understanding was concerned. Both groups had no

difficulty with symbolism.

In conditional reasoning, both groups listed among
the top three in scoring, modus ponens, the. contrapositive,
and the transitivity of the if-then relationship. The
other principles were far below these in percent of correct
responses. This pattern occurred both in grade 3 and grade
6. In class reasoning, there was a gradual spread of the
principles in contrast to this. Both found the converse

more difficult in conditional reasoning than in class

reasoning.

Third graders could not, it seemed, understand certain
principles, either in class or conditional reasoning if
they did not have familiar content. Furthermore, they had
more trouble in working with expressions and. statements
which included words for which there is no meaning, such as
"flexums", "glorbs" and so on . Because the LM group did
better in logic in grade. 3 than the L group and the reverse
is true in grade 6, 1t would seem that the. younger children
need more blending of logicel principles in the subject

matter content than do the sixth graders.
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DISCUSSION AND RECOMMENDATIONS

While this study has answered some questions about
the relation of logical thinking and mathematics achieve-
ment, it has probably raised more guestions than it has
answered. Because students can learn certain logical
principles and apparently have used them in working out
new examples as the tests in this project indicated, does
not indicate what they will do with these principles in

other subject matter content.

Some questions which need to be asked and have further

research are:

1. Would the same performance be obtained by
students in lower socio-economic backgrounds than obtained
by students in this project who were, for the most part, of

a higher social background?

2. What would be the results if test items were
open-ended and not multiple-choice? Although some open-
ended questions were asked on the logic fznal, there were

not enough to make a comparison with the multiple-choice

type.

3. What would be the result if the logic were taught

in grade four and five, seven and eight?

b, How many basic logical ideas can be incorporated
into the teaching of mathematics at the first and second

grade levels?
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5. A next step could be the teaching of logic to
small groups so that the researecher would. have more than a
paper-pencil type of instrument to determine. the logical
thought processes of the child. How would this knowledge
affect the kind of material that would be useful?

6. What are some of the fringe benefits of teach-
ing logic to elementary school students? While not able
to be statistically validated, there has been evidence that
students taught logic are more careful in theilr reading,
ask more guestions, and are more eager to attempt new

ideas and problems.

T. What are some of the basic logical principles
pervading elementary mathematics? How can. these be

interwoven more closely?

It would seem, at this stage, that we have. found
that students can learn logic and have little. difficulties
with certain principles. What needs to be. determined is
the amount of logic that can be taught at various stages in
collaboration with the subject-matter, what are the best
ways of determining this, and learning how best to teach

teache.s basic principles of logical thinking.
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TABLE A.1

CLASS REASONING TEST

(adapted from the Cornell Critical. Thinking Project
tests, Cornell University, Ithaca, New York:
reprinted with permission of Dr. Robert Ennis,
project director.)

GENERAL DIRECTIONS ANSWERING THE QUESTIONS:
This is a test to see how In answering each question,
well you do a particular kind use only what you are told in
of thinking. We call it that question. In order to
CLASS REASONING. You will do this, you should imagine
see that you already do ] that your mind is blank, be-

some of this kind of thinking..| cause some of the things you
The sample questions make are told are obviously false.
clear what 1is expected. Even so, you should suppose
that they are true--for that
DO NOT GUESS WILDLY. question only.

You will be given one or

more sentences with which to

There 1s a scoring think. You will then be given

penalty for guessing wrong. another sentence, about which

If you think you have the you must decide, using only

answer, but are not sure
? ? what you are told.

mark that answer. But if

you have no idea, then SKIP

the question. There are three possible

There are six sample answers. This is what they
questions, then 21 others. mean.

You should work as quickly

as you can, but do not rush, Y. Yes. It must be true.
This is not a speed test. N. No. It can't be true.
Once you do the samples, M. Maybe.You can't be

you will be able to move . certain. It may be

right along. true or it may not
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be true. You aren't told
enough information to be
certain that it is  YES

No.

or

The meaning of the pos-
sible answers 1is given at the
top of each page to help you
remember. Each gquestion has

only one answer.

Mark your answers on your
answer sheet by drawing a line

through the right answer.

SAMPLE Y X M
REMEMBER : If ycu hawve no

idea what the answer is, SKIF

the question and go on to the

' Then would. this be true?

Sam is next to Bill.

1. Yes No Maybe
Y N M
The correct answer is Y, YES. If

Bill is next to Sam, then Sam

nmust be next to Bill. It must

be true, so a mark 1s drawn

through Y which represents YES.

Here is another sample. On
your answer sheet, you mark the

answer.

2. Suppose you know that
The sparrow 1is over the
hawk

Then would this be true?

The hawk 1s over the

next. Do not guess wildly. SPETrYOvw.
If you think you know, then You should have marked K, NO. If
answer the question. the sparrow is over the hawk, then
the hawk can't be over the sparrow.
SAMPLE QUESTIONS It can’t be true.
Read the first qgestlon and see Mark the answer to this next
h it i ked.
ow it is marke sample. Be careful,
. t
. Suppose you know tha 3. Suppose ycu know that

Bill is next to Sam.

Jane is standing near Betsy.
Then would this be true?

Betsy is standing near Jane.
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The correct answer is M, So far in the sample gues-
MAYBE. Even if Jane 1s tions you were told only one
standing near Betsy, Betsy thing. In this one you are
might be sitting. Betsy told two things. Mark your
might be standing near answer on the sample guestion
Jane, but she might be sit- section of your answer sheet.
ting near Jane or something 5, Suppose you know that
else. You were not told The pit is inside the
enough to be CERTAIN about mouth of the fox.

it, so MAYBE is the answer. The cherry is inside

the mouth of the fox.

Mark the answer to this next

sample question on your Then would this be true?
answer sheet. Remember The pit is inside the
that your mind is supposed cherry.

to be blank at the beginning The correct answer is M,
of each question. | MAYBE. All you are told is

L. Suppose you know that that the pit and the cherry

. . . are both in the mouth of the
California 1is near

New York fox. There is no way to be
Then would this be true? certain whether the pit is in
New York is near the cherry or not.

California.
Here is the last sample

The correct answer is ¥, YES, question. This time the let-

even though New York and Cal- ters "A" and "B" are used.

ifornia are not really near They can stand for anything you

to each other. If Califor- 1ike. Mark your answer on

nia were near to New York,
your answer sheet.

then New York WOULD BE near 6. Suppose you know that

to Californisa. It would A is next to B.

have to be true. Then would this be true?
Remember: You should sup- B is next to A.

pose that what you are told is The correct answer is ¥, YES,
true--for the guestion you are {no matter what A and B stand for.

answering. If A is next to B, then B mustte

next to A.




Now that you have done the

practice questions, you
probably understand what is

expected.
guestions,

If you have any
ask them now.

7.

Suppose you know that

of the fifth grade
are on the football

None
boys
team.

John is a fifth grade boy.

Then would this be true?

John is not on the foot-
ball team.

Suppose you know that

At least some of Kate's
pencils are blue.

A1l the pencils in the box
are blue.

Then would this be true?

At least some of Kate's
pencils are in the box.

Suppose you know that

None of Jane's dolls have
hats.

Then would this be true?

None of the dolls that
have hats are Jane's.

10.

Suppose you know that

Eileen is one of the
children on the playgrcund.

Then would this be true?

Eileen is not one of the
children on the playground.
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11. Suppose you know that
None of. Sue's books are
about animals.

Then would this be true?
None of the books about
animals are Sue's.

12. Suppose you know that
All the books about sail-
ing are Bill's.
All the green books are
Bill's.

Then would this be true?
At least some of the green
books are about sailing.

13. Suppose you know that
All the pets of the Greens'
won some prize in the pet
show.
Fido is one of the Greens'
pets.

Then would this be true?
Fido won a prize in the
pet show.

14, Suppose you know that
At least some of the books
on the table are about stars.
None of Bob's books are
about stars.

Then would this be true?
All of the books on the
table are Bob's.

15- Suppose you know that
All of the red pencils are
broken.
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Emil's pencils are not
broken.

Then would this be true?

Emil's pencil is not red.

16.

Suppose you know that
All Jean's pencils are red.

All the pencils on the
table are red.

Then would this be true?

At least some of the pencils
on the table are Jean's.

17.

Suppose you know that

All of the boys are running,
but not everyone 1is running.

Then would this be true?

At least some of the people
not running are not boys.

18.

Suppose you know that

All members of the football
team weigh over 150 pounds.

Henry does not weigh over
150 pounds.

Then would this be true?

Henry is on the football
team.

19-

Suppose you know that
No Z's are Y's

No X's are Y's.

Then would this be true?

At least some Z2's are X's.

21.

Then

Suppose you know that

A11 the cars in the
garage are Mr. Smith's.

All Mr.
Fords.

would this be true?

Smith's cars are

All of the cars in the
garage are Fords.

22.

Then

Suppose you know that

None of Tom's books are
on the shelf.

No science books are on
the shelf.

would this. be true?

At least some of Tom's
books are scienrce books.

23.

Then

Suppose you know that
All X's are Y's.
would this be true?

All things that are not
Y's are also not X's.

no
=

Then

Suppose you know that
All dogs are brown.
would this be true?

At least some dogs are
not brown.

25.

Suppose you know that

At least some of the child-
ren in the Martin family
take out books from the
library.



Then

All people who take out
books from the library
have library cards.,

would this be true?

At least some of the
children in the Martin
family have library
cards.
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Then

Suppose you know that

At lesst some of Mrs.
Brown's flowers are not
roses.

At least some of the
flowers in the flower
show are not roses.

would this be true?

At least some of Mrs.
Brown's flowers are in
the flower show.

27.

Then

Supposélyou know that
All X's are Y's.

No Z's are Y's.

would this be true?

At least some X's are
Z's.
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TABLE A.Z2
CONDITIONAL REASONING TEST

Suppose you know that

If Sam misses the bus,
he will walk to school.

If Sam walks to school,
he will cross the bridge.

Then would this be true?

If Sam misses the bus,
he will cross the bridge.

Suppose you know that

If the car in the parking
lot is Mr. Smith's, then
it is blue.

The car in the parking
lot is not blue.

Then would this be true?

The car in the parking
lot is Mr. Smith's.

Suppose you know that

If Bill lives on a farm,
then he has a pet dog-.

Then would this be true?

Bill lives on a farm,

10.

Suppose you know that

If there is an X, then
there is a Y.

There is an X.

Then would this be true?

There 1is a Y.

11.

Suppose you know that

If the chair is green,
then the table is black.

Then would this be true?

If the table is black,
then the chair is green.

12. Suppose you know that

If Nancy bought a new dress,
then she went to the shop
on Main Street.

Then would this be true?

If Nancy didn't go to the
shop on Main Street,

then she didn't buy a new
dress.

13. Suppose you know that

If Tom lives in the white
house, then his last name
is Smith.

Tom does not live in the
white house.

Then would this be true?

Tom's last name is not Smith

1L4. Suppose you know that

Joe's bicycle is not working
today.

If Joe's bicycle is not work-
ing, then he has to walk to
school.

Then would this be true?

Joe has to walk to school.

15. Suppose you know that

If Kate is in Mrs. Jones'
class, then she is out on
the playground.

If Kate is out on the play-
ground, then she is jumping
rope.

Then would this be true?

If Kate is in Mrs. Jones'
class, then she is jumping
rope.
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Suppose you know that

If there is an X, then

there is a Y.

There is not a Y.

Then would this be truef?

There is an X.

20. Suppose you know that

If there is an X, then

there is a Y.
Then would this be true?

If there is not a Y,
then there is not an X.

7.

Suppose you know that

If Mary lives in the
white house, then her last
name is Brown.

Mary's last name is Brown.

Then would this be true?

Mary lives in the white
house.

18.

Then would this

Suppose you know that

If Jean goes to the park,
she will see her friend
Pat.

Today, Jean is going to
the park.

be true?

Today, Jean will see her

friend Pat.

19.

Suppose you know that

If Mary lives in the
green house, then her
last name is Jones.

Mary doesn't live in the
green house,

Then would this be true?

Mary's last name 1is
not Jones.

21. Suppose you know that

If Jane fell off her
horse, then she hurt
herself badly.

Jane hurt herself badly.
Then would this be true?

Jane fell off her horse.

22. Suppese you know that

If the school team loses
this game, Brighton High
will win the league
pennant.

If Joe does not hit a
homer on this pitch,
schecol team will lose
this game.

the

Then would this be true?
If Joe does not hit a
homer on this pitch,
Brighton High will win
the league pennant.

23. Suppose you know that

If Bill has an apple in
his lunchbox, then Sally
has a cracker in her
lunchbox,

Then would thas be true?

If Sally has a cracker
in her lunchbox, then
Bill has an apple in his
lunchbox.
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Suppose you know that

If Bob d4id not buy a
new baseball glove,
then he played basket-
ball today.

Then would this be true?

If Bob did not play
basketball today,
then he did buy a new
baseball glove,

25.

Suppose you know that

Fred went to a movie
last night.

If Fred does not go to
a movie, he feels bad
the next day.

Then would this be true?

Fred does not feel bad
today.

26.

Suppose you know that

If the bicycle in the
garage is Bob's, then
it is red.

The bicycle in the
garage 1is not red.

Then would this be true?

The bicycle in the
garage 1s not Bob's.

27

Suppose you know that

If a dog can stand on
its front legs, then
it is a puppy-

Then would this be truef?

If a dog 1s a puppy,
then it can stand on
its front legs.
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TABLE A.3

LOGICAL THINKING TEST NAME

SCHOOL GRADE

(Write all answers on this test paper, please. )

1-3. Use the diagrams and write one true sentence for each.

smart people

children

red-headed

little
people

girls

even . odd
numbers numbers
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Write the negation of the following:

All cats have talls.

No boys like dolls.

Some numbers are greater than seven.

Jane did not lose her money.

All squares are rectangles,

Suppose you know that two numbers are unequal and that
A is greater than B. Is it true that B is greater

than A?

Suppose if the figures are polygons, either they are
triangles or they are rectangles. The figures are
polygons. The figures are not triangles.

Are they rectangles?




11.

le.

13'

1h.

15.

16.
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Suppose you have two sets of numbers matched as shown
by connecting lines:

Show whether the following are true or false.

All numbers in set A are even.

True ::] False [:]

All numbers in set B are five greater than those in

set A.
True| _ False[:]

For each number in A there is a number in B that

is five greater.
True | I False

Some numbers in B are odd numbers.

True j False

15-21 In each of the following, show whether the
sentence is true or false. Mark T for true;

F for false.,

S AJ 17. P AQ 19. R VW K 21. ¢C
T T F T T F F
Ry T 18. M—»N 20. H VK
T T T T F F

jgal )
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23.

ah.

25.

26.

27.

189

Suppose you are given a number from set A = { 53,
ok, 71, 48, 29, 36} and the number you. choose is
less than 50 and 1s not a multiple of k. This

number must be

In 23-26, study the first two statements in each and
then complete the statement.

Suppose that all girls like to play with. dolls and
Tillie is a girl, then

-

If all triangles are polygons and ABC is a triangle,
then

Suppose that lemons are bigger than pineapples and
pineapples are bigger than basketballs, then

Suppose that all numbers which are divisible by 3 are
even and 10 is divisible by 3, then

You are given two sets for which diagrams are shown.
A is the set of all even numbers

B is the set of all whole numbers greater than 8

U = the set of all whecle numbers.

U

A B




28.

29.

30.

31.

32.
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Given the set
{13, 4, 9, 2, 6, 11, 16, 12}

Write these numbers in correct reg:cn in the diagram.

In answering each of the guestions, use only what you are
told in that exercise.- In 28-37, show whether the
conclusion is OK or not OK, that is, whether it follows

from the sentence given.

All the bikes in the garage are the Bumbleys.
All the Bumbley's bikes are red.

Therefore, all the bikes in the garage are red.

0K Not OK

If Mike is a dog, then he is an animal.
Mike is an animal.

Therefore, Mike is a dog-.

0K Not OK

If a penny has the same value as a dime, then two pennies
have the same value as twenty cents.

Two pennies do not have the same value as twenty cents.

Therefore, & penny does not have the same value as a dime.

OK Not OK

If the weather gets colder, then the birds will not
come back.

The weather gets colder.

Therefore, the birds will not come back,

OK Not OK

If some numbers are greater than 8, then there are some
numbers less than 8.

No numbers are less than 8.

Therefore, some numbers are greater than 8.

0K Not OK
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If that man is a policeman, then he 1s brave.
He is brave.

Therefore, that man is a policeman.

0K Not OK

All numbers divisible by 6 are whole numbers.

Therefore, all whole numbers are divisible by 6.

0K Not OK

If a nickel has the same value as a dollar, then 2
nickels equal 2 decllars.

A nickel has the same value as a dollar.

Therefore, 2 nickels equal 2 dollars.

0K Not OK

If it snows, Lulu does not go to school.
Lulu does not go to school.

Therefore, it is snowing.

OK Not OK

If two numbhers are even, then their sum 1s odd.
These two numbers are even.

Therefore, their sum is odd.

0K Not QK




192

In answering each of the questions below, use only
what you are told in each exercise.

There are three possible answers.

YES. It must be true.

NO. It cannot be true.

MAYBRBE. You can't be certain. 1t may Dbe
true or 1t may not be true. You

are not told enough information to
be certain it is YES or NO.

38, If all third graders are dogs, then they can meow,
All third graders are dogs.

Can they meow?

YES NO MAYBE

39. If the figure is a circle, then it i1s a closed curve.

If the figure is a closed curve, is it a circle?

YES NO MAYBE

Lo, All A's are B's,
All C's are B's.

Are some A's also C's?

YES NO MAYBE

41 A1l of the numbers in set A are in set B and no numbers
in set C are in set B.

Are some of the numbers in set A in set C?

YES NO MAYBE




L2,

L3.

b,

Ls.

L6,

L.
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No numbers in set A are even.

Is it true that no even numbers are in set A?

YES NO MAYBE

If two numbers are even, then their sum is even.
If the sum is even, then the product is not even.

If the two numbers are even, is the product even?

YES NO MAYBE

Some of the numbers in set G are divisible by four.
A1l of the numbers in set K are divisible by four.

Are some of the numbers in set G in set K7

YES NO MAYBE

A1l M are N.
S is not an XN.

Is S an M7

YES NO MAYBE

All glorbs are flexums.
George is a glorb.

Is George a flexum?

YES NO MAYBE

A1l of the candies in the dish are red.

No one in 6th grade wants a red candy because they all
like licorice.

Does anyone 1in the 6th grade want candy from the dish?

YES NO MAYBE
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TABLE A. L

ATTITUDE TEST

NAME SCHOOL
TEACHER GRADE DATE
R 4
SN
2 4 3 2 L

1. School

2. Science

3. Reading

4., Mathematics

5. Addition

6. Subtraction

T. Logic

1
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APPENDIX B

Percent of Correct Answers on the Wisconsin
Contemporary Elementary Mathematics Test,
Grade 3

Percent of Correct Answers on the Wisconsin
Contemporary Elementary Mathematics. Test,
Grade 6

Summary of Mean Scores of Boys and Girls
on Reasoning and- Mathematics Tests

Summary of Mean Scores on Attitude,. I. Q.,
Logic Final and Retention of Boys and
Girls



197

TABLE B.1l
PERCENT OF CORRECT ANSWERS ON THE WISCONSIN. CONTEMPORARY
.. ELEMENTARY MATHEMATICS. TEST,. GRADE 3

Treatments LM and L

Topic and LM Pre- LM Post- L Pre- L Post~-
Item No. ‘ test .. test _test ... test
Fractions
1-11 53.85 59.90 46.55 60.87
1-12 57.69 60.87 L3.97 80.00
1-13 60.58 70.05 6L, 66 67.83
1-2k 58.65 61.8L 58.62 64.35
2-11 11.06 11.11 8.62 8.70
212 18.27 38,16 12.07 26.96
2.13 36.06 Ls. k1 33.62 Ls,22
217 13.L46 12.56 18.10 22.61
2-20 3L.62 36.71 bL. 4L 34.78
Addition
1-1 90.87 83.57 5T.76 88.70
1-20 87.98 88.89 90.52 92.17
2.7 70.19 69.08 51.72 52.17
2-19 76.92 80.19 81.03 81.7hL
2-25 78.85 86.47 83.62 86.96
Subtraction
1-2 91.83 90.34 91.38 86.96
1-8 47.60 53.62 Lo.,1h 56.52
1-19 73.08 77.29 T7.59 77.39
2-1 45.19 L3.L48 45.69 46.96
Multiplication
1-7 78.85 89.86 77.59 81.7h
1-1k 36,06 60.87 bo,52 b1.7L
2-2 31.25 56.52 23.28 66.09
2-8 63.46 84,06 68.10 80.00
2-1h 26.92 51.21 18.10 3L.78

2.26 2Lh.0k 25.60 28.45 26.96
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Table B.1l Continued

Topic and LM Pre- LM Post- L Pre- L Post-
Item No. test test test test

Division

1-25 59.62 68.12 51.72 6L.35

1-26 65.38 83.57 50.86 T4.78
Place Value

2-6 61.5k 71.50 43.10 64.35

2-18 76.92 T2.46 83.62 60.87

2-2k4 T0.67 85.02 80.17 86.96
Fundamentals

1-5 91.83 97.58 93.97 95.65

1-6 65.38 88.L1 58.62 89.57

1-17 54,81 58.L45 55.17 51.30

1-18 91.83 92.75 91.38 98.26

1-23 27.40 39.61 31.03 27.83
2-5 35.10 43.96 38.79 45,22
2-23 16.83 15.46 16.38 14.78
Megsurement:

Money

1-3 92.79 93.24 91.38 93.91

2-4 72.12 66.67 68.10 59.13

Measurement:

Time
1-L 55,29 50.72 58.62 L4, 35
2-3 33.65 28.99 Ly ,83 56.52

2-21 6L4.90 73.L43 57.76 61.TUL
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Table B.1l Continued

Topic and LM Pre- LM Post- L Pre- L Post-
Item No. test test test test

Measurement:

length,
liguid,
and
weight
1-9 23.56 17.87 19.83 31.30
1-16 73.08 74,88 64,66 69.57
2-9 24,52 32.85 35.34 30.43
Geometry
1-10 75.00 88.89 81.90 90.43
1-15 93.27 97.58 93.10 95.65
1-21 75.00 80.19 78.L45 86.96
1-22 17.79 19.81 15.52 15.65
2.10 L2.79 L6, 38 60.3k 60.00
2-15 78.37 66.18 71.55 82.61
2-16 18.27 Lo.s8 25.86 34.78
2-22 17.31 30.L43 | 7.76 14.78

Total on
Test

58.22 63.58 56,48 62.14
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Table B.l (continued)

Treatments I and C

Topic and I Pre- I Post- C Pre- C Post-
Item No. test test test test

Fractions

1-11 LT.90 58.87 66.67 ©T76.92
1-12 56.30 63.71 51.11 6L.84
1013 62.18 70.97 52.22 67.03
1-24 55. 46 55.65 43.33 54.95
2-11 20.17 T.26 6.67 T.69
2-12 13.45 L4, 35 25.56 14.29
2-13 28.57 27.4h2 35.56 34,07
2-17 21.85 10.48 8.89 12,09
2-20 32.77 30.65 L3.33 27.47
Addition
1-1 85.71 83.06 93.33 79.12
1-20 9k, 12 91.13 g82.22 78.02
2-7 68.07 80.65 . 51.11 69.23
2-19 88.24 T77.k42 73.33 69.23
2-25 76.63 8L4.68 81.11 81.32
Subtraction
1-2 93.28 87.10 88.89 76.92
1-8 45.38 4b1.13 Ls.56 43.96
1-19 66.39 79.84 70.00 64.8L
2-1 34,45 52.42 33.33 30.77
Multiplication
1-7 70.59 95.16 68.89 82.k2
1-1k 52.9k 47.58 31.11 L8.35
2-2 19.33 66.13 20.00 L3.96
2-8 52.94 69.35 58.87 80.22
2-1k 12.61 52.u42 17.78 24,18

2-26 19.33 19.35 20.00 16.48
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Table B.1l Continued

Topic and I Pre- I Post- C Pre- C Post-
Item No. test test test test

Division

1-25 L9.58 70.97 52.22 59,34
1-26 47.90 91.94 56.67 75.82
Place Value
2-6 42.86 65.32 48.89 53.85
2-18 T1.43 78.23 70.00 78.02
2-2L 87.39 87.10 8h4. Lk 78.02
Fundamentals
1-5 89.92 97.58 86.67 92.31
1-6 58.82 72.58 L6.67 73.63
1-17 55.56 Sh.8L 56.67 41.76
1-18 89.92 95.16 87.78 90.1:
1-23 31.93 L2, 7k 18.89 12.09
2-5 33.61 47.58 30.00 19.78
2-23 26.89 16.13 23.33 9.89

Measurement:

Money

1-3 93.28 91.94 86.67 91.21

2-4 58.82 bs5.16 62.22 51.65
Measurement:

1-4 55.96 57.26 L7.78 57.14

2-3 26.05 31.45 18.87 25.27

2-21 63.87 68.55 37.78 6L .8k
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Table B.1l Continued

Topic and I Pre- I Post- C Pre- C Post-
ITtem No. test test test test
Measurement:
length,
liquid,
and
weight
1-9 13.45 31.45 17.78 17.58
1-16 67.23 66,94 5L, LhL 54,95
2-9 30.25 35.48 23.33 10.99
Geometrx
1-10 77.31 82,26 57.78 70.33
1-15 94,11 9L, 35 oL, Lh 87.91
1-21 52.94 77.42 60.00 69.23
1-22 10.92 12.90 6.67 19.78
2-10 36.97 62 10 45.56 52,75
2-15 83.17 83.06 70.00 71.43
2-16 32.7L4 33.06 18.89 23,08
2-22 25.21 15.32 18.89 13.19
Total
for
Test

54,76 62.77 51.70 54,57
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TABLE B.2

PERCENT OF CORRECT ANSWERS ON THE WISCONSIN CONTEMPORARY
ELEMENTARY MATHEMATICS. TEST, GRADE 6

Treatments LM and L

Topic and LM Pre- LM Post- L Pre- . L Post-
Item No. test test . test .. test

Fractions

1-23 52.50 85.83 65.22 83.73
1-29 L8.33 40.00 32.85 LO.67
2-12 51.67 61.67 56.0k 44.98
2-19 L8.33 79.17 39.61 62.20
2-26 L3 33 42.50 39.61 34,45
2-30 27.50 22.50 23.67 34,93
. Addition
1-19 Lo.17 6L, 17 33.33 39.23
1-20 70.83 86.67 82.13 76.56
2-1 80.83 90.00 82.61 92.3L
2-1 65.00 50.83 52.17 57.89
2-8 69.17 T6.67 T4, 4O 66.51
Subtraction
1-1 77.50 72.50 71.01 77.99
1-8 : 70.83 87.50 73.43 80.38
Multiplication
1-2 21.67 58.33 21.67 37.80
1-7 70.83 85.00 79.23 79.90
1-26 75.83 81.67 85.51 84.21
2-2 90.00 96.67 98.07 93.27
2-1k 45,83 55.00 52.66 LT7.37

2-20 60.00 50.83 48,31 48,80
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Table B.2 Continued

Topic and LM Pre- LM Post- L Pre- L Post-
Item No. test test test test

Division

1-13 60.00 66.67 Ls.kl 45,50
1-1L 65.83 79.17 65.70 75.60
1-25 41.67 31.67 39.61 L0.67
2-25 51.67 57.50 57.00 58.81
Place Vélue
1-6 80.00 80.83 83.009 8L.21
2-5 97.50 99.17 9L.69 95.69
2-6 83.33 77.50 84.06 88.04
2-23 32.50 40.83 29.95 39.23
2-29 L3.33 38.33 38.16 52.63
Fundamentals
1-5 89.17 88.33 89.86 90.43
1-12 80.83 87.50 91.79 93.30
1-18 52.50 56.67 52.66 56.9L
Measurement
1-3 8L, 17 85.83 81.16 84,21
2-15 T76.67 90.83 87.92 93.78
Length
1-9 83.33 86.67 85.51 88.52
1-27 34,17 35.00 32,37 27.27
2-9 75.83 79.17 71.98 T1-TT
Area
1-10 50,83 59.17 L. Lk 53.11
1-28 59.17 81.67 72.46 82.30
2-3 6L .17 73.3 76.33 70.33
2-16 28.33 35.00 21.7Th 22.01

2-28 LT7.50 59.17 53.1L 61.24
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Table B.2 Continued

Topic and LM Pre- LM Post- L Pre- L Post-
Item No. test test test test
Geometry:
Anglses
1-4 67.50 ThH. 1T 59.42 59.81
1-15 56.67 €2.50 h2.51 48.33
1-21 53.33 50.83 5L.59 55.50
1-22 63.33 53.33 43,96 50.72
Geometry
1-16 58.33 61.67 56,52 51.20
2-4 31.67 50.00 Lb.hb 55.98
2-10 Li1.67 63.33 61.35 69.38
2-21 58.33 70.83 65.22 70.81
2-22 21.67 42.50 L2.51 L1.15
2-27 7.50 21.67 7.25 T7T.66
Sets
1-11 85.00 87.50 81.16 91.87
1-17 92.50 96.67 9L .69 9L.26
1-24 L8.33 45,83 5L.11 57.89
1-30 50.83 65.00 67.63 7T7.03
2-11 9L.17 92.50 9k.20 93.30
2-17 87.50 85.83 85.02 85.17
2-18 80.83 88.33 8L.skL 86.12
2-24 17.50 28.33 52.66 53.11
Total on

Test 62.18 68.L2 62.96 66.70
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TABLE B.2 (continued)

Treatments I and C

Topic and I Pre- I Post- C Pre- C Post-
Item No. test test test test

‘Fractions

1-23 76.92 72.90 65.6k 89. 4k
1-29 30.13 23.23 36.81 37.27
2-12 50.00 4L8.39 66.26 65.84
2-19 66.67 45.81 L7.24 78.88
2-26 25.64 35.48 28.83 38.51
2-30 19.23 36.77 21.L7 26.09
Addition
1-19 25.00 35.48 bi1.10 Lu.10
1-20 69.23 73.55 T9.1k 80.122
2-1 Th.36 81.94 65.03 90.06
2-17 Lh, 87 34,84 52.76 51.55
2-8 56.541 L6, ks 65.03 T2.67
2-13 75.00 78.06 8h.05 90.68
Subtraction N
1-1 66.03 7T9.35 T1.17 53.u42
1-8 57.05 50.97 65.03 73.2L
Multiplication .
1-2 21.79 62.58 22.70 45,96
1-7 58.97 T6.13 TL4.85 78.16
1-26 63.46 52.26 88.96 81.37
2-2 81.h41 89.68 92.6.4 92.55
2-1k L1.67 39.35 55.21 sh.ok

2-20 L8.08 27.7Th 80.37 83.23
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Table B.2 Continued

Topic and I Pre- I Post- C Pre- C Post-
Item No. test test test test

Division

1-13 35.90 61.94 56. 4k 56,52
1-1k 43.59 54,19 69.33 T1.L43
1-25 3Lh.62 23.87 36.20 55.90
2-25 35.26 39.35 4L8.LT 40.99
Place ¥alue
1-6 57.69 T72.26 78.53 79.50
2-5 87.18 85.16 92.02 9Lk, k1
2-6 75.00 71.61 83. 4k 83.83
2-23 1Lb.7h 36.7T7 36.81 39.75
2229 L. 23 26.45 43.56 50.31
Fundamentals
1-5 64.10 69.03 80.98 91.30
1-12 66.02 76.13 - 8T7.12 87.58
1-18 16.67 Ls5.48 71.17 57.08
Measurement
1-3 Th. 36 80.65 54.60 80.12
2-15 87.18 84,52 88.96 89 .4k
Length
1-9 76.92 61.29 81.60 86.3h
1-27 20.51 31.61 33.74 45,34
2-99 82.82 61.29 70.55 77.02
Area
1-10 58.33 53.55 52.15 51.55
1-28 64.10 69.68 85.28 89.k4L
2-33 56.541 56.77 68.71 75.16
2-16 9.62 21.29 38.04 36.65

2-28 49,95 4T.TL 59,51 ho.0T
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Table B. 2 Continued

Topic and I Pre- I Post- C Pre- C Post-
Item No. test test test test
Geometry
Angles
1-4 43.59: 52.90 52.76 62.11
1-15 28.85 45.16 43,56 47.83
1-21 50.64 LT.TL 32.52 Lo.37
1-22 28.85 37.42 42.9L4 L7.20
Geometry
1-16 40.38 34.19 52.15 L9.07
2-4 38.L46 LL,s52 44,79 hl.61
2-10 75.6L 80.65 43.56 60.25
2-21 L. 87 49,03 57.67 59.63
2-22 34,62 38.71 33.13 k5,34
2-27 8.98 9.68 7.98 11.80
Sets
1-11 80.13 85.16 87.12 92.55
1-17 85.26 93.55 92.02 93.17
1-2k 23.72 25.81 53.37 L, 72
1-30 57.05 50,32 65.03 75.16
2-11 8L4.62 88.39 92.02 92.55
2-17 77.56 86.45 8L.66 88.82
2-18 73.72 76.13 79.75 91.30
2-2b4 17.95 36.13 55.21 L8.L45
Total on

Test 61.L45 56.33 59.77T 65.76




209

TABLE B.3

SUMMARY OF MEAN SCORES OF BOYS AND GIRLS ON
REASONING AND MATHEMATICS TESTS

GRADE 3
Group Pre- Pre- Pre- Post Post Post Mean

Class Cond. Wisc. Class Cond. Wisc. Total

LM Boys 12.98 9.4T7 28.81 15.32 11.29 31.8L4 18.27
LM Girls 12.62 9.81 28.33 13.96 11.32 32.22 18.0k4
L Boys 12.63 9.85 28.95 13.61 10.80 31.98 17.97
L Girls 12.56 10.33 26.94 13.06 11.00 30.27 17.36
I Boys 11.36 9.22 27.03 12.15 9.83 29.41 16.50
I Girls 12.07 9.6U4 27 .44 12.56 10.33 31.69 17.12
C Boys 11.33 9.33 25.91 12.54 9.56 25.67 15.73
C Girls 11.52 9.12 25.86 12.93 10.00 27.38 16.14

GRADE 6

LM Boys 13.81 10.73 33.71 14.98 12.25 38.24 20.62
LM Girls 15.31 11.11 36.25 16.41 12.62 41,16  22.1k4
L Boys 15.28 10.12 36.13 16.48 12.9h4 38.95 21.65
L Girls 1h4.8k 11.10 36.30 16.28 12.87 39.25  21.75
I Boys 13.75 9.25 29.87 14,40 10.48 32.62 18.40
I Girls 14.93 10.16 32,70 1k4.89 11.21 35.28 19.86
C Boys 15,11 10.65 37,1k 15.18 11.89 38.92 21.48
C Girls 15.05 10.68 37.00 15.80 11. 45 39.98 21.66
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TABLE B.4

SUMMARY OF MEAN SCORES OF BOYS AND GIRLS ON
ATTITUDE, I. Q., LOGIC FINAL AND RETENTION

GRADE 3
Group Attitude I. Q. Logic Lgﬁi
Final Retention

LM Boys 26.16 - 111.89 33.84 32.82
LM Girls 26.49 - 110.31 33.98 32.02
L Boys 23.10 111.25 32.46 30.53
L Girls 25,85 110.33 32.79 32.17
I Boys 25.80 108.37

I Girls 27.45 108,34

C Goys 27.49 109.18

C Girls 27.67 106.31

GRADE 6

LM Boys 2h.54 108.86 33.61 34.56
LM Girls 27.13 0 113.15 35.93 ~36.70
L Boys 26.26 115.91 37.9h 39.11
L Girls 27.29 ©117.82 38.45 40.10
I Boys 28.35 113.00

I Girls 28.00  119.39

C Boys 27.92 113.k42

C Girls 27.6U4 115.62
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