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An experiment was conducted to investigate three

topics of current interest in education: critical thinking, programed
instructior, and aptitude-treatment interaction. Thirty college
students and 31 ninth graders with extreme discrepancies between
their verbal and quantitative aptitude scores were taught eight
principles of class reasoning by random assignment to one of two
versions of a programed instruction unit. One version contained
verbal examples and scientific terminology; the other substituted
letter symbols for the scientific words. It was hypothesized that if
adaptation of instruction to individual differences is an efficacious
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tendency in the hypothesized direction, in no instance was the
interaction between program version and discrepancy type significant

at the .05 level.

However, it was demonstrated that class reasoning

principles can be taught by means ¢f a relatively short instructional
program and that such instruction will transfer to understanding of
conditional reasoning principles. (Author/JY)
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I

Summary of the Study

Samples consisting of thirty college students and 31 ninth graders
with extreme discrepancy between their verhal and quantitative aptitude
scores were taught 2ight principles of class reasoning by random assign-
ment to one of two versions of a pyrogrammed instruction unit, one
version containing verbal examples using scientific terminology, the
other substituting letter symbols for the scientific words. The Cornell
Class Reasoning and Conditional Reasoning Tests were administered before
and after instruction to measure direct learning of class reasoning
principles and transfer to principles of conditional reasoning. Inter-
action between direction of aptitude discrepancy and program version
was the chief object of interest. It was hypothesized that if adapta-
tion of instruction to indi-ridual differences is an efficzcious practice,
then both for direct learning and transfer, students with high verbal -
low quantitative aptitudes should nerform better after instruction with
the verbal program version, students with high quantitative ~ low verbal
aptitudes should benefit most from the symbolic version, and students
of both discrepancy types should gain more from a program matching
their type than from a mis-match.

The results of the experiments revealed that in 20 out of 26
comparisons made there were slightly superior gains in the hypothesized
direction, but in no instance was the interaction between program
version and discrepancy type significant at the .05 level. It was sur-
mised that the instructional program was not loang enough, the two
versions were not different enough, and in view of the large within-
group variance, the groups were not large enough to produce a signifi-
cant interaction. :

Nevértheless, it was demonstrated that class reasoning principles
can be taught by means of a relatively short instructional program
and that such iustruction will transfer to understanding of conditional
reasoning principles. In addition, tentative norms for college studants
based on a sample of 108, were established for beth of the Cornell
Reasoning tests, demonstrating that they can be used at the college
level and, although some inconsistency was evident in the data, that
little if any growth in reasoning ability occurs during the college
years, whether or not students take courses in logic. No significant
sex differences in reasoning ability were found.

Both as to percent demonstrating mastety of each principle and
as to the relative difficulty of the principles, the results of this
study were generally consistent with those reported by Robert H. Ennis
and Dieter Paulus in Cooperative Research Project No. 1680, Critical
Thinking Readiness in Grades 1-12 (Phage 1l: Deductive Logic in
Addalescence), 1965.



Ir
Context of the Study

The study réperted herein bears upon three topics of great
current interest in education: critical thinking, programed in-
struction, and -aptitude~treatment interaction. 7In addition it
deals with a fourth concept that has received virtually no &tten-
tioh, nemely, aptitude discrepancy. This discrepancy between an
ihdividual's verbal and quantitative aptitude served in this stu-
dy as the personological variable’ interacting with programed in-

structlon formats almed at eachlhg cr1t1cal thinking.

' Crltlcal Thinking

That students should 1earn £6 think in school is hardly a

" new proposltlon, but its. 1mportance has recently been empha81zed
" in such reports as “those on the central purpose of Américen edica-

tion; (Educat10nal Policies Comhission, 1961) and on logical oper-
ations ih the classroom (Smlth and Meaux, n.d.). Robert H. Ennis®
definition of critical thinking as "the correct assessment of
statements” (Ennis, 1961) has served as a basis for several stu-
dies of children's readiness to learn pr1n01ples of deductive rea-~
soning (Ennis and Paulus, 1965; Ennis et al., 1969) and for a re-
cent book, Loglc in Teaching (Ennls, 1969). Among the "process
obJectlves currently rece1v1ng COnsiderable professional atten-
tion ‘(Parker and Rubin, 1966; Rubin, 1969; Berman, 1968; Andreas,

_;1970), thinking skills constitute a major type of "transcurricu-
‘lar" objective, pertinent to must, if not all, subject matter

fields. While there are other thinking skills besides those of

..deductlve reasoning or logic and more to deduction than the appli-

catlon of pr1n01ples of condltlonal and class reasoning, these

. two forms of logic are of” great significence and wide applicabii~
T oity. The present’ study prOV1des data supplementlng some of Ennis'

flndlngs regarding the reasoning ablllty of secondary—school stu-
dents and, more slgnlflcantly, extendlng them to the college .
level,

Programed Instruction

The use of programed 1nstruction in the ‘teaching of logic is
not novel. A number of programs are available commercially (e.g.,
Dickoff and James, 1965; Schagrin, 1968), Logic lends itself
well to programlng, and the lack of confidence .on the part of most
teachers concerning. their ability to teach’ deductive reasoning
suggests that the use of the programed mode for this purpose would
be particularly apgroprlate Sharlioy (1971) has offered ev1dence
however, thet students are more llkely to apply logic . learned
through programed instruction to their work in subject areas, such
as mathematics, when specifically encouraged and helped to do so
by the teacher of the subject.




But whether or not logic can be taught through programsd in-
struction is not an issue, for clearly it can be. What is of
greatest research interest is what program characteristics sre
most associated with effective learhing 2nd transfer by students
with various characteristics. Early interest in such program
characteristics as linear vs. intrinsic format, error rate, step
size, nature of prompts, types of reinforcement, and response
modes has given way to concern with such features as semantic,
symbolic, and figural presentation modes. In the present study
program versions differed with respect to the extent of symbolic
and verbal semantic material employed.

Aptitude~Treatment Interaction

) The period of time during which this study was conducted saw
a marked increase in interest in aptitude-treatment interaction
(ATI) and the appearance of several highly significant articles
on the subject. Although the entire notion of individuvalizing in-
struction rests upon the assumption that differential instruction-
al treatment with respect to learner characteristics is both de-
sirable and effective, very few studies have demonstrated that any
such intercection exists. Cronbach (1967) stressed the importance
of investigating interactions between various -characteristics of
learners and instructional treatments. Writing with Snow, he made
the assertion that, "It is inconceivable to us that humans, dif-
fering in as many ways as they do, do not differ with respect to
the educational treatment that fits each one best." Nevertheless,
Cronbach and Snow consider ATI studies to be "high-risk research"
(Cronbach and Snow, 1969, p. 193). Bracht (1969) has suggested
the advisability of employing extreme variations in learner char-
acteristics in seeking evidence in interaction. Bracht (1969;
1970) analyzed 108 ATI studies and found only five that demon-
strated interaction, a percentage which might be predicted to oc-
cur due to chance under the customary .05 fiducial 1limit. Bracht
added, on th® basis of empirical evidence from analyzed studies,
three further necessary, but not sufficient, conditions for the
demonstration of aptitude-treatment interaction. These conditions
are: (1) a controlled, rather than uncontrolled, treatment, (2)

a factorially simple, rather than complex, personological vari-
able, and (3) a specific, rather than general, dependent variable
(Bracht, 1970). The present study entailed a controlled treat-
ment and a specific dependent variable. Whether aptitude dis-
crepancy is factorially simple or complex is a matter for con-
Jjecture. Little attention has been paid to it.

V-Q Aptitude Discrepancy

Bracht (1970, p. 638) makes the observation that, while such
personological variables as "general ability” and "previous
achievement" are factorially complex, an under-over achievement
variable derived from them may be factorially simple. By analogy,

DLw



.. one might make the conjecture that, whiie 'seneral scholastic aptitude",

.. derived from a combination of verbal and quantitative aptitude scores,

is indeed factorially complex, the discrepancy between verbal and
.quantitative aptitude may be factorially simple, extreme Jdiscrepancies
in one direction or the other defining clearly distinct personological
. types. .

The well-recognized "positive correlation of traits" leads to the
prediction that "V-Q aptitude discrepancy" will in most instances be
relatively small, with central tendency of zero. Individuals with
expremely high or low s:holastic aptitude necessarily have small V-Q
aptitude discrepancy. Individuals with average scholastic aptitude,
on the other hand, differ greatly with respect to V-Q aptitude dis-
crepancy. ‘The most extreme instances ‘of discrepancy fall at the mean
of the total aptitude continuum. Using T-scores, the extremely dis-
crepant 80-20 and 20-80 cases have the same total aptitude as the non-
discrepant 50-50 cases. Yet these ostensibly "average" individuals
clearly represent quite divergent characteristics. Presumably, a
student with a V-score of 80 and Q-score of 20 responds quite differ=-
ently to a given set of instructional materials than one with a
V-score of 20 and a Q-score of 80, Whether he does in fact was what
this study primarily sought to investigate. 1In a companion:stcudy
(Johnson and Posner, in progress) the investigators studied -the
characteristics of individuals with marked aptitude discrepancies
and the concomitants and etiology of aptitude discrepancy.
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Purposées and Hyvotheses

The primary objective of this study was to‘'determine whether
learning is facilitated by ithe use of instructional materials that
are consistent with significant characteristics of the learner.
The characteristic considered in this study was differential
scholastic aptitude. Subjects for the study were students with
maximum discrepancies between their verbal and quantitative apti=-
tude scores. By definition, students with high scores in both
verbal and quantitative aptitude may be expzcted to learn better
than those whose scores in both ftypes of aptitude are low. But
it is not evident that students with extremely high verbal, and
correspondingly low quantitative, aptitudes will in general per=-
form better or worse in a learning situation than students with
extremely high quantitative, and correopondlng ly low verbal, apti-
tudes. The first of these two groups may learn more readlly than
the other group when one kind of instructional material is used
and less well with a different kind. It was this possibility that
was examined in the present study. : '

Most instructional materials are verbal in nature. Such -
materials would appear to be quite suitable for students with high
verbal aptitudes, but may present difficulty for those-whose ver-
bol aptitudes are low. If the latter have extremely high quanti-
tative aptitudes, it might be reasonable to assume that their
learning would be fac111tatéd by materials which made greater use
of symbols and minimized verbal content. To test this assumption
it would be necessary to find or develop materials which deal with
the same content and are a§ similar as possible except with re-
spect to their verbal or symbollc formaet. For the present study,
two linear instruclional programs were .developed, both designed
to teach the same principles of deductive reasoning,’ but differ-
ing in that one version was entirely composed of words; whereas
the other employed symbols as much as possible. Obviously, it is
impossible to eliminate words completely. The only difference be-
tween the two versions was that one provided little contact with
symbols and the other emphasized them.

The eight principles of class_reasoniﬁg which‘were taught by -

the program were the ones used by Ennis and Pavlus,.in developing -~

The Cornell Class Reasoning Test (Ennis sad Paulus, 1965, pp. II-
12-13).- . They are as follows:
1. Whatever is a member of a class is not a non-member of
that class and vice versa.
2. Whatever is a member. of a class is also a: memaer of a
class in which that class is included..



. Whatever is a member of a class is not necessarily a mem-

ber of a class included in that class.

Class exclusion is symmetric. ,

Whatever is a member of a class is not a member of a

class excluded from the first.

. Vhatever is not a member of a class is not necessarily
also not a member of a class in which the first class is
included.

7. VWhatever is not a member of a class is not necessarily a
member of (nor a non-merber of) another class which is
excluded from the first class.

8. Whatever is not a member of a class is also not a member

of' any class inclrded in the first class.

A nE W

Given, then, two groups of students with opposite types of
extreme aptitude discrepancy and a program version presumed favor-
able to each group, the hypothesis to be tested was that widely
assumed in the pedagogical literature, namely, that each group
would learn more effectively when matched with the appropriate
type of program. A -second hypothesis was that matching student
attributes with instructional treatment would facilitate not only
direct learning but transfer of lecarning as well.

Experimental Hypotheses

The two aptitude discrepancy groups were designated Vq and
Qv to represent, respectively, students with high verbal and low
quantitative aptitude scores and students with high quantitative
and low verbal scores., The two program versions were designated
SY and VS, the first emphasizing the use of symbols, the second
being purely verbal. The "S8" in VS indicated that the illustra-
tive subject matter to which the logical principles were applied
in this version was scientific. Other verbal programs could be
developed using subject matter from other fields, such as the
humenities. The SY version, of course, had no illustrative sub-
Jject matter at all, since all technical words had been replaced
by literal symbols. '

The dependent variables were scores on two reasoniing tests
developed at Cornell University. These tests will be discussed
later, but one measured performence in class (categorical) rea-
soning and the other, performance in conditional (hypothetical)
reasoning. Since the instructional programs attempted to teach
class reasoning, the first test (Gesignated CL) provided a mea-~
sure of direct learning as s dependent variable. The other test,
dealing with couditional reasoning and designated CO, was the
measure of transfer of learning as a dependent variable,

The experimental hypotheses can now be stated in theoretical,
operational, and null forms, as follows:



General theory: Adaptation of instructional materials to
learner characteristics facilitates learning.

Theoretical hypothesis 1: Students with high verbal aptitude
and low quantltatlve aptitude will learn principles of
class reasoning better from verbal instructicral materlals
than from materials emphasizing symbols. :

Operational hypothesis (H;): Students in group Vq who com-
1
plete program VS will score higher on test CL than stu—
dents in group Vg who complete program SY.

Null hypothesis (Hp): The probability exceeds .05 that & dif-
ference in scores on test CL as large as that by which
the scores of Vq students completing program VS exceed
the scores of Vq students completing program SY would oc~-
cur by chance.

Theoretlcal hypothe81s 2: Students with high quantitative and
low verbal aptitude will learn principles of class reason-
ing better from instructional materials émphasizing sym-
bols than from verbal materials.

Operational hypothe81s (Ho): Students in group Qv who com-
plete program SY will score higher on test CL than stu-
dents in group Qv who complete program Vh.

Null hypothesis (Hg): The probability exceeds .05 that a dif-
ference in scores on test CL as large as that by which
the ‘scores of Qv students: nompleta.ng program SY exceed
the scores of Qv students complet1ng program'VS would
-occur by chance.

Theoretlcal thothe81s 3: Students with marked discrepancies
between their verbal and quantitative aptitudes will
learn principles of class reasoning better from instruc-
tional materials consistent with their ‘higher aptitude
than from matevrials consistent with their lower aptitude.

Operational hypothesis (Hz): Students in group Vq who com-~
plete program VS and sTudents in group Qv who complete
progrem SY will score higher- an test CL than students in
group Vq who complete program SY and students in group Qv
who complete nlogram.VS

Null hypothesis (Hg): De81gnat1ng those Vq students whc com-
plete program VS and those Qv students who complete pro-
gram SY as group M (matched) and designating those Vg
students who completé program SY and those Qv students
who complete program VS as group U \mlsmatched) the pro-
bability exceeds .05 that a difference in scores on test
CL as large as that by which the scores of group M exceed
the scores of group U would occur by chance.

.
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The above operational and null hypothesis may be more conven-
iently stated in symbollc form, as follows:

Hy: (Vq-Vs) (vg-sY)
Hé. ) ?(Vq 9& CL - ?Vq S§§Cﬂj'

Ho: (Qv SY) CYREN

H<2)- o{(av- g%)CL - (QV’VS%L]
M= (Vq'vs) + (Qv-SY)
U = (Vq-sY) + (Qv-vs)

Hg: (M)CL > (Wer
Ho: P (M) op - (U)gp)>>.05

B. General thecry: Adaptation of instructional materials to
learner characterlstlcs facilitates transfer of learning.

Theoretical hyvothesis L: Students with high verbal aptitude
and low quantltatlve aptitude will transfer principies
of class reasoning to problems in conditional reasonihg
better when taught class reasoning through verbal in- -
structional materials than through mzt terials emphasiz- -
ing symbols. :

This and subsequent theoretical hypotheses can be
most conveniently operationalized through use of the
symbols employed earlier. These are:
| Vg - =gtudents with high verbal and low quantitative

"+ aptitude scores
Qv - students with high quantitative and low verbal
aptitude scores
VS - a linear program in a verbal format designed to
! teach certain principles of class reasoning
SY - a similar linear program emphasizing the use of
symbols :
Vq-VS - students in group Vq taught through program VS
'~ Vq-SY ~ students in group Vq taught through program SY
Qv-VS - students in group Qv taught through program VS
Qv-SY - students in group Qv taught through program SY

M - students in groups Vg and Qv taught through pro-
gram most consistent with their higher aptitude
(Vq-Vs and Qv-SY).

U - students in groups Vq and Qv taught through the
program least consistent with their higher apti-
tude (Vq-SY and Qv'VS).

CL - subscript indicating scores on class reasoning

test

CO - subscript indicating scores on conditional rea-

soning test.

Null hypothesis (Hp): Vq VS)CO SY)CO( 5 .05

!
x Operational hypothe81s (H : (Vg-vs)q ? X (vg- SY)Co
Vg-




Theoretical hypothesis 5: Students with high quantltatlve
and low verbal aptltude will transfer pr1nc1p1es.of
class ressoning to problems in conditional reasoning
bettzr when taught class reasoning through instructional
materials emphasizing symbols than through verbal
materials.

Hs: (Qv-5Y)ag> (Qv-VS)ag
Ho: v {(Qv-SY)go = (Qv: Vs)coJ‘ 05

Theoretical hypothesis 6: Students with marked discrepancies
between their verbal and quantitative aptitudes will
transfer principles of class reasoning to problems in
conditional reasoning better when taught class reason-
ing through instructional materials consistent with
their higher aptitude than through materials consis-
tent with their lower aptitude.

Hg: (M)go > (U)co
Hp: p[ (M)gg - (U)ed} > -05

Secondary Objective

Since this study entailed the teaching of class reasoning
and the testing of college students in both class and conditional
reasoning, it was a subsidiary objective to obtain informstion
regarding college students' ability to reason and whether growth
in this ability occurs during the coliege years. The developer
of the Cornell Reasoning Tests has reported (Ennis and Paulus,
1965; Ennis, 1969) tentative norms for each grade in the lower
schools, but not for the college years. Although the testing
done in the present study was confined to one institution of high-
er learning, data were obtained that shed some light on the
question of whether most students have already mastered the prin-
ciples of deductive reasoning tested by the Cornell tests by the
time they enter college, and if not, whether their reasoning abil-
ity improves while in college.

Limitations and Assumptions of the Study

As in every study, a number of assumptions were made in this
one which, together with certain features of the design, may limit
the generalizability.of the results. The most significant of
these assumptions' and features are identified here to permit the
reader to judge what cautions need to be exerciesd in generaliz-
ing the findings.

. 1. Population. The subjects who participated in the study
were restricted to selected students at one medium-
sized eastern state university and selected ninth
graders in one school distriet in New York State.
The assumption is that any 1nteractlon between in-

“'structlonal treatment and aptltude discrepancy is

9
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independent of geographic region and characteris-
tics of the educational institution attended. .-

2. Sample size and selection. The principal experimantal
data were obtained on a total sample of 62 stu-
dents who either volunteered or agreed, with paren-
tal permission, to participate, and in the case of
the college sample, were paid for doing so. The
assumptions are that the statistical procedures em-
ployed in analyzing the data appropriately took in-
to account the size of the sample and that the ex-
tent to which the sample was unrepresentative of
students with extreme aptitude discrepancies did
not affect the aptitude-treatment interaction

(ATT).

3. Program length and effectiveness. Th® two linear pro-
T Tgram versions each consisted of about 200 frames.
It is possible that a longer program of different
design might have been more effective in teaching
class reasoning. The assumptions are that no min-
imum amount of learning is essential before an ap-
titude-treatment interaction occurs and that the
programs used would produce a sufficient amount of
learning to make tha ATI discernable with the tests
employed if such an interaction existed. It was
: not szssumed that the programs had maxirmum, or even
{ cptimum, effectiveness, nor tkat the two versions
| © were equally effective.

4. Aptitude-program consistency. The only adaptation cof the
- verbal program was the replacement of specific

scientific words by letter symbols. The assumption
is that quantitative aptitude involves, in part at
least, a facility in manipulating symbols other
than words. It was also assumed that verbal apti-
tude includes facility with words related to sci-
ence, but not that it is limited to such words.

5.  Content. The instructional treatment wes limited to
the teaching of class reasoning. The assumption
is that ATI is not specific to the type of cogni-
tive lesrning outcome. Class reasoning was select-
ed because (1) it is a non-trivial learning out-
come, {2) it is an ability that is widely applica-
ble to many fields of learning, (3) it lends itself
well to progremed instruction, and (4) convenient
tests of achievement and transfer were available.

[t R e o U

6. Programed instruction. The instructional treatment was
limited to the programed mode. The assumption is
that ATI is not limited to any particular mode of
instruction, such as so-called "conventional

A
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classroom instruction involving teacher-pupil inter-
action." Programed instruction was selected be-
cause (1) it standardizes the treatment by circum-
venting the teachef variable, (2) it permits flexi-
bility in scheduling the treatment individually,

(3) it allows each subject all the instructional
time he requires; and (4) it results in permanent-
ly available programs for future use.

7. Tests. The validity and reliability of the measures of
. the dependent variables are dependent on those of
the Cornell Reasoning Tests, which are reported in
a later section. The assumption was that these
tests were suitable measures of what was learned,
since the tests and programs dealt with the same
principles of reasoning.

. Testing. The same test forms were used as pre-test and
post-test. The assumption was that the nature of
the 72 items was such that little memory effect
would be present after a period of several weeks,
particularly since subjects were not informed as
to total score or items correct on the pre~test.

9. Program administration. Subjects were permitted to zom-
plete the instructional programs at their own pace
without supervision, but were required to respond
overtly to each frame and to turn in programs when
completed. The assumption is that the programs
were in fact completed by the subjects themselves
and, fyrther, that any deviation from this assump-
tion was randomly distributed across program for-
mat and attribute classification.

10. Norming. In the non-experimental, norming portion of
the study, students whose names were selected from
a directory were invited to take one or both tests
and were offered remuneration for doing so. The
assumptions are that the selection procedure,
though systematic, was unbiased and that the pros-
pect of remuneration did not affect the nature of
the volunteers.

11. Scoring. Test responses for both the experimental and
norming portions of the study were recorded by the
subjects on separate answer sheets and scored by
hand using an answer key overlay. The assumptions
are that the answer key was correct, that there
were no systematic errors in responding or scoring,
and that any non- systematic errors in either pro-
cess were randomly distributed across the eXxperi-
mental groups.

ER A
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12, Classification. ' The college and ninth gradé subjects
- ... . were classified as having aptitude discrepancies

" on the basis of recorded scores on a Single test
~at each level. The assumptions are that the test
appropriately measured the aptitudes in question

and were accurately scored and that the results
- were correctly recorded.

et
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‘Research Design and Procedures

The major experimental activities carried out in the study
were the identification of potential subjects, pre-testing, de-
velopment and administration of instructional programs, and post-
testing. There were slight variations in these procedures be-
tween the college and middle school experiments. The college pro-
cedures are discussed first. ’

Identification of Subjects

To determine the feasibility of finding suitable subjects
with extreme aptitude discrepancies, an analysis was made of the
distribution of scores on the scholastic aptitude portion of the
New York State Regents Scholarship Examination (RSE) submitted
for college admission by students at the State University of New
York at Albany. The verbal section of this test, dealing with
"same-opposites", "verbal analogies”, and "sentence completion",
has a total possible score of 100. The maximum score on the guan-
titative section is 50. Since the two scores are moderately high-
ly correlated, most students' scores are not very discrepant.
Furthermore, the lower a student's higher score is, the smaller
the discrepancy can be, regardless of how low the lower score is.
The problem in identifying those with the greatest discrepancy
is to set as high a minimum higher score, and as low a maximum
lower score, as possible without eliminating virtually every po-
tential subject.

Taree other factors affect aptitude discrepancy among college
students. One is that, in relation to the full range of scores
achieved by those taking the scholastic aptitude test, there will
be in any college population very few instances of extremely low
scores for either aptitude and an abundance of instances of ex-
tremely high scores for each aptitude.

But the admissions selection process has a second effect.
It creates a situation wherein the probability that a low score
is associated with discrepancy is considerably greater than the
probability that a high score is. That is to say, for a student
with one very low aptitude score; the other score must have been

. fairly high, or he probably would not have been accepted. But

for a student with one very high score, there is no corresponding
demand that his other score be below any given point.

Finally, there is the fact that greater attention is usually
given, and probably progerly so, to the verbal aptitude score then
to the quantitative. Relatively speaking, applicants with a low
verbal score are not as likely to be admitted to college as appli-
cants with a low quantitative score. It follows that for any
given discrepancy, there are likély to be more students of the Vq
type than of the Qv type (capital letter denotes higher aptitude).

13
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A list of potential subjects for this study was obtained
through a computer printout of all unde¥rgraduate students except
Freshmen registered as SUNY-Albany whose RSE scores met one of
the two following criteria: :

Vq: V score >83.~. and Q score <30
Qv: V scores~ 62~ and Q score ~ 43

Out of a total initial enrollment of 5731 in the four
classes, the application of these criteria identified 220 indi-
viduals or 3.9 percent. They were distributed by class and dis-
crepancy type as shown in Table 1.

Table 1

Distribution of Studénts With Marked Verbsl-Quantitative
Aptitude Discrepancy at State Universitcy
of New York at Albany

Discrepancy Type

' Totai Percent

Class Vq Q Total in Class Discrepant
1969 27 I L5 1312 3.4
1970 21 30 51 1240 4.1

: 1971 38 32 70 172 4.8

1972 32 22 54 1707 3.2

i Total 118 102 220 5731 3.9

By the time the development of instructional programs had
been completed, the Class of 1969 had graduated. Ietters were
sent to 115 "discrepant" students in the remaining three classes
for whom college addresses were available explaining in general
the purpose of the study and inviting them to appear at a group
testing session to take the pre-test in class reasoning, or to
take it individually at their convenience. Of the 115 potential
subjects, 43 took the test, for which each received a stipend of
two dollars. Of the 43 that took the pre-test 11 were eliminated
since they had attained a score above 67. All 32 of the remain-
ing subjects consented to continue for an additional stipend of
fifteen dollars, although two of these subjects did not complete
the study, dve to disruptions on campus.

The median verbal and quantitative aptitude scores of the
thirty participants are shown in Table 2, broken down by their
assignments to program versions. The lowest verbal score of the
Vg group exceeds by more than twenty points the highest verbal
score of the Qv group. Similarly, the lowest quantitative score
of the Qv group is twenty points higher than the highest quanti-

}i ' . 14
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tative score of the Vq group. The Vg~VS group turned out to be
somewhat less discrepant than the other three.
Table 2

Verbal and Quantitative Aptitude Scores of
College Students Participating in Study

- \ ]
Verbal Aptitude Quantitative Aptitude™ Discrepancy

Group N Median FRange Median Rang= Median Range
Vg-Vs 8 £3.0 ©63-90 540 23-6b 29.5 17-55
Vg-SY 7 85.0 83-88 48.0 23-58 38.0 26-55
Total Vg 15 84.0 83-90 52.0 2%66 3h.0 17-55
Qv-VS 7 53.0 L42-59 90.0 36-100 L4o.0 36-LL
Qv-SY 8 55.0 50-61 91.0 86-98 35.0 26-L2
Total Qv 15 - 54.0 Lo-61 " 90.0 86-100 37.0 26-Lk

1 Maximum V-score is 100, maximum Q-score is 50. Q-sScores here
-have been dubled to permit discrepancy calculation.

Pre-testing

In addition to serving as co-variate controls, the scores on
the class reasoning pre-test provided a basis for selecting sub-
jects for participation in the study. It was desired to exclude
students who scored too high on the pre-~test to be able to show
any improvement as a result of instruction

The Cornell Class Reasoning Test (Form X) was developed by
Robert H. Ennis and his associates in 1964 for use in their stu-
dies of readiness to learn critical thinking. The test consists
of 72 items. comprising twelve groups of six items eaca. Nine of
the groups test eight principles of class reasoning, cne group of
six items testing each of seven principles and two groups .(twelve
items) testing Principle 3. The three remaining item groups test
combinations of two or three principles.

Each group is comprised of six items, representing three
types, designated CF (concrete familiar), SY (symbolic), and SU
(suggestive). The four CF items in a.group mention concrete ar-
ticles and qualities which are familiar to the subject and in
statements which he has no reason to believe are true or false.
The one SY item substitutes letter symbols for the concrete famil-
iar terms. ' The remaining item (SU) has familiar content but the
empirical truth status of statements is known to the subject and
is inconsistent with their validity.

i

The six items in\each of the twelve item groups are scattered
throughout one half of the test or the other. Six practice items
instruct the subject how to respond. In each item, he is first
given one or more premises. pretaced by the phrase, "Suppose you

15

21



know that..." He is then presented with a posgible c¢onclusion,
prefaced by, "Then would this be. true?" The alternative re-
sponses in each instance are "Yes", "No", and "Maybe". The in-
structions indicate that if, and only if, the proposed conclusion
must be true, i.e., necessarily follows from the premises, the

proper response is "Yes". Similarly. if and only if, the pro-
posed conclusion must be false, i.e., could not follow from the
premises, the response should be "No". If the proposed conclu-

sion does not necessarily follow from the premises, but also is
not ruled out be them, then the appropriate response is "Maybe".
The teést booklets provide for circting the alternative selected;
in this study a separate answer sheet was used, on which the sub-
jects placed an a over the letter correspondlng to the selected
response. Scoring was done by hand with the use of 'an overlay
key.

The maximum possible total score on the test is 72 Ennis,
however, is more concerned with how many principles are mastered
and which .ones. He defines the necessary and sufficient criter-
ion of "mastery of a principle" as a minimum of five correct re-
sponses out of six. "Failure to master a principle" is defined
as three or fewer correct responses. Four correct responses is
indeterminate--neither mastery nor failure to master. (Ennis and
Paulus, 1965, p. IV-15).

One might desire that subjects for the experiment not have
mastered more than half of the principles. On the 54 items deal-
ing with single principles, it would be possible for a score as
low as 25 to represent mastery of more than half of the prineci-
ples (5 principles times 5 points minimum for mastery). It would
also be possible nof; to have mastered more than half of the prin-
ciples and still to have a score as high as 46 out of the 5h4.
With the addition of anywiiere from zero to eighteen points on the
three item groﬁps combining principles, the minimum score possi-
ble with mastery of more than half the principles would be 25,
i.e. 23 plus O, and the maximum score w1thout mastery of more than
Half of the principles would be 6k, . 46 plus 18. This forty-
point range does not provide much guidance in setting a cut-off
score for inclusion in the study. Tt would, of course, have been
possible simply to couvnt the principles mastered, but it was not
desired to insist that the instruction actually bring performance
up from non-mastery to the mastery criterion. It was thought _
sufficient that the instruction produce improvement in reasoning
without regard to the acquisition of newly mastered principles.

In actual fact the pre-test scores of the potertlal parti-
cipants were distributed as in Table 3.
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Table 3

Pre-Test Scores on Cornell Class
Reasoning Test for Potential
Subjects in College Sample

Class Reasoning Discrepancy Group .
Pre-test Score 4 Va Qv Total
70-72 3 3 6
67-69 W o7 11
64-66 - 2 - 6 8
61-63 3 5 8
58-60 3 1 L
55-57 2 1 3
52-54 3 0 3
49-51 0 0 o -
N - 20 23 L3.
Mean Score 62.20 65.35 63.88

SD of Scores 5.82 3.73 h.oh

In view of- the relatively high scores and the small number=
volunteers, it was decided-to include everyone who could improve
by as few as four points, that is, had a score below 69. This
was far from desirable, but a lower cut-off point would have re- -
duced the total number to an unacceptable level.. The sixteen stu-
dents in each group with the lowest pre-test .scores were asked
to' take the conditional reasoning pre-test and were assigned ran-
domly to the two forms of the instructional program. Fifteen in

"each group completed their programs. . Their mean scores were :as’

follows:
vg ' ) Total
N  Mean SD N Mean SD N Mean SD
15 60.67 L4.66 15 63.87 3.32 30 62.27 4.35

The difference of 3.20 between the Vq and Qv groups has a
Standard Error of 1.47, producing a -t value of 2.18, p<.05.

The conditional reasoning pre-test was the Cornell Condi-
tional Reasoning Test (Form X), also developed by Ennis and others
(1965) and following precisely the same format as the class, rea->
soning test, but testing twelve principles of conditional reason-
ing instead of eight class reasoning principles. The reportad re-
liabilities of the two tests are .83 for class reasoning and .75
for conditional reasoning (Ennis, 1965, p.IV 20-21). -

The distribution of conditional reasoning pre-test scores
for the students who actually participated in the study -as as
follows (through a clerical error one subject wéas given the
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wrong test and did not, therefore, have a pre-test score in con-
ditional reaSoning):
Table 4

Distribution of Pre-Test Scores on Cornell Conditional
Reasoning Test for College Sample

Conditional

Reasoning Pre-Test Discrepancy Group
Score Va Qv Total
TO-T2 0 1l 1
67-69 0 0 0
6L -68 1 3 L
61-63 1 3 L
58-60 2 2 L
55-57 n N 8
52-54 2 2 L
49-51 3 0 3
46-48 1 0 1

N 14 15 29
Mean Score .55.29 60.h47 57.97
8D of Scores 4.84h  bL.99 5.56

As in the class reasoning test, the mean score of the
Qv group is significantly higher than that of the Vg
group. The difference of 5.18 has a standerd error of
1.84, yielding a t value of 2.81, p<.OL.

Based on the nine single principle item groups and using
Ennis' criteria for mastery, the extent to which the eight princi-
Ples were mastered on the class reasoning pre-test is given in

Table 5.
Table 5
Number of Students in College Sample
Mastering Various Numbers of Class
Reasoning Principles on Pre-Test
: Number of Number of
- Principles Mastered Subjects Mastering
o 8
7 7
6 8
5 L
4 —
Mean  6.43 N 30
18
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Instructional Programs

‘Upon completion of both pre-tests subjects were given the
program version to which they had been assigned and requested to
respond overtly to each frame, to complete the program as quickly
as possible, and to return it when finished, at whlch time they
were to take the post-tests.

The programs were developed by the investigators themselves: -
The verbal (VS) version was constructed first in a linear format
The first section dealt with Class Reasoning Principle 1 and some
basic concepts and terminology. Succeeding sections dealt with -
the remaining seven principles and the process of combining prin-
ciples. After each principle had been explained, practice frames
were provided following the format used in the tests.

A preliminary version of the VS form was tried out by a
group of fourteen graduate students, who were asked to record the
total time required to complete it and to criticize the wording
of frames. An analysis of their errors indicated points at which
changes or additional frames were needed The first draft was
extensively revised on the basis of this try-out. In addition,it
was learned that the program required approximately three hours
to complete and that some learning resulted. The pre- and post-
test scores on the Cornell Class Reasoning Test for the ten mem-
bers of the try-out group who took both tests are shown in Table 6.

Table 6

Pre- and Post-test Scores of Try-out Group
on Cornell Class Reasoning Test

Score " Pre-test Post-test
61-63

58-60

55-57

52-54

4951

L46-48

43-45

Total

Mean Score
SD of Scores:

~J

=
W OI0IF FHNVKHFOHO

[o
-3
U =

AOlo MM H N H P
3 .
N

The mean gain of 5.1 points had a standard error of
- 1.4, producing a t of 3.62, which is significant
at the .0l level. ~This mean gain was 23.8 percent
of the possible gain. It was hoped that revision
of the, program would produce even greater gains. -
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The SY form was constructed to parallel the VS form as close-
ly as possible. Whenever possible, letter symbols were substi-
tuted for the scientific terms used in the verbal version.

Since much verbal material necessarily remained, Euléer cir-
cle diagrams were inserted at various points, without explanation.
One kind of problem could not be converted to symbolic form. This
was the problem of being misled by empirical falsity in instances
of logical validity. Hence, the SY versioh contained a few frames
with verbal examples.

The progrenms were reproduced;withvone f'rame per page and
with the feedback information at the top of the following page.
Table 7 shows the number of frames per section in the two versions.

Table 7

Number of Frames in Two Versions
of Instructional Program

Frames in

Section = VS SY
1 63 70

2 33 34

3 20 21

L 18 18

5 16 16

6 13 13

7 9 9

] 17 17

_ 9 24 2L
Total 213 - 222

Sample frames from each program are -
included in Appendix A.

Post-testing

Post-tests were administered individually as soon as each
subject completed his program. Unfortunately, a student strike
and accompanying campus unrest coincided with this phase of the
study. A number of the subjects wint home. Most of these were
persuaded to complete the program, maii it back, and obtain and
return the post-test by mail. Two subjects failed to complete
this process, reducing the total N of the study and unbalancing
the design. :

The same two tests which were used as pre-tests served as
post-tests. The nature of the items, the length of the tests,
the elapse of time, and the fact that the students were not in-
formed of the correctness of their pre-test responses were Jjudged
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sufficient bases for assuming negligible memory and practice ef-
fects. In any event, whatever such effects existed were assumed
to be random among the four aptitude-treatment groups. The post-
test scores are reported and discussed in the next chapter on
"Results”.

Middle School Experiment

Because the pre-test scores of the college group were so
high, it was decided not to replicate the experiment st the col-
lege level, but to seek instead a group of younger subjects on
whom discrepancy data were available and who would be willing to
participate. Published data (Ennis and Paulus, 1965, p. V-16) in-
dicated that mean scores between 4L.7 and 53.4 could be expected
between the eighth and tenth grades. Since most schools , in New
York State at least, do not give scholastic aptitude tests yield-
ing V and Q scores until the eighth or ninth grade., it appeared
that a ninth grade group would be the youngest for which the re-
quisite data would be available. Arrangements were made with the
Colonie (N.Y.) Central School District to conduct the experiment
at the Lishakill Middle School. Two guidancé counselors agreed
to meke available students' scores on the California Test of
Mental Maturi y, to administer the pre- and post-tests, and to
manage the distribution and collection of the programs. . The in-
vestigators set the:criteria for inclusion and ass1gned selected
students randomly to program versions. o

The procedures with this phase of the study were the same as
those described for the college sample with the following excep-
tions: - .
1. The programs were slightly modified to simplify word-

ing somewhat. Essentially, the frames remained un-

changed.
2. The conditional reasonlng test to study transfer effects
was not used.
. Parental permission was secured for participation and
granted in all instances.
. The students did not recelve a stipend for partlclpat-
ing.
5. A total of forty subjects was selected w1th two in
each of the four aptitude-treatment groups designated

as alternates. Their. scores would be used only if any

of the regular subjects failed to complete all aspects,

in order to obtain eight cases in each of the four
cells. The alternates had somewhat smaller aptitude
discrepancies than the regularly selected subjects.

= W

The criteria for selection of the two groups were the fol-
lowing scores on .the CTMM:
Vq: V score > 114 and V-Q > 12
Qv: Q score > 114 and V-Q . 12
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The median verbal and quantitative aptitude scores of the 31
ninth grade participants are shown in Table 3. Because they were
chosen from a group of several hundred rather than several thou-
sand, they are neither as discrepant as the college group, nor do
the two groups differ as markedly. The lowest verbal score of
the Vg group is only three points lower than the highest verbal
score of Qv group. Similerly, the lowest quantitative score of
the Qv group is only five points higher than the highest quanti-
tative score of the Vq group. As in the college sample, the Vg-VS

group happens to be somewhat less discrepant than the other three
groups.

Table #

Verbal and Quantitative Aptitude Scores of Ninth
Grade Students Participating in Study

Verbal Aptitude Quantitative Aptitude Discrepancy

Group. N Median Range Median Range Median Range
Vg-Vs 7 122.0 115-123 105.0 93-110 15.0 13-27
Vq-SY & 118.5 116-132  100.5 89-109 21.5 13-29
Total Vg 15 120.0 115-132 103.0 f9-110 21.0 13-29
Qv-VS 3 102.5 87-112 119.5 116-132 19.5 16-31
Qv-SY 8 98.5 93-107 118.5 115-129 20.5 14-33
Total Qv 16 100.5 87-112 119.0 115-132 20.0 14-33

The class reasoning pre-test scores of the 31 ninth gfade
subjects who completed the program are given in Table 9.
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Table 9

Distribution of Class Reasoning Pre-test Scores
for Ninth Grade Samples

Pre-test Discrepancy Group
Score Vg .. Qv ‘Total
61-63 B -
53-60
55-57
52-5h
Lo-51
h6-48 '
h3-bs oo
Lo-ho o
37-39
33-36
Total .
Mean Score 17.67 52.25 .03
SD of Scores 6.71 7.50 7.49
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The overall mean of 50.03 falls between the eighth
and tenth grade values reported by Ennis and com-
pares with the mean of 52.27 for the college sample.
This difference of 12.24 is obviously highly signi-
ficant statistically. 1In both samples, the Qv group
had a higher mean score than the Vg group, but while
the difference in the college sample was significant
at the .05 level, the difference of 4.58 in the ninth
grade sample has a standard error of 2.55, yielding
a2 t value of 1.70 which has a probability in excess
of .05.

College Norming Phase

To obtain a broader view of college students' deductive
reasoning abilities, a scuple of 200 names (50 from each class)
was drawn systematically from alphabetized registration lists
at SUNY-Albeny in the fall of 1970, Each person whose name was
drawn was offered two dollars to take the Cornell Class Reason-
ing Test at a group testing session or individually at an arranged
time. The selected students were offered an additional dollar if
they would also take the Cornell Conditional Ressoning Test. When
both tests were taken, the order was reversed for every other per-
son.

Of the 200 students invited, a few had already withdrawn
from college and some declined to participate. A total of 108
appeared to take the class reasoning test and 79 of these plus
two other subjects took the conditional reasoning test. The
examinees were distributed by class and sex, as shown in Table 10:
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Table 10

Number of College Students in Norming Sample
by Class and Sex

- Class Reasoning Conditional
Class Test Reasoning Test

M F T M F T

1971 9 21 30 8 15 23

1972 11 17 28 9 1l2 21

1973 10 17 27 7 13 20

1974 10 13 23 6 11 17

Total L0 o3 108 - 30 51 81
|
|
|
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Analysis of Findings™
) [ r|h L
The’ summarles and analyses of data in this. sectlon are Eéséd
on the various scores for each participant in the study,. whigh
are reported in fll in the appendix.C. 1In the discussion that
follows, the results of the testing of the broad sample of col-
lege students are presented first to provide a basis for inter-
preting the scores of the experimental groups. Then the means of
the various sub-groups in the two experimentel situations are pre-
sented and differences examined. Finally, various statistical
analyses are employed in an effort to explain some of the features
of the results.

Deductive Reasoning Norms in College

A systematic sample of 108 college students, stratified by
class, was administered the Cornell Class Reasoning Test (Form X)
at the beginning of the 1970-71 academic year. The Cornell Con-
ditional Reasoning Test. (Form X) was taken by 81 students, in-
cluding 79 of the 10R just mentioned. The mean scores on both
tests are shown in ‘the first line of Table 11. These means are
based on raw scores representing number of correct items out of
a possible 72. The mean for class reasoning of 60.82 is equival-
ent to a total score‘of 83.23 by the scoring system used by Ennis,
(R - W/2) + 27. ‘The mean for conditional reasoning of 53.89 is
equivalent to Ennis' total score of T71.84. The class reasoning
score (£3.23) is ten points higher than that reported by Ennis
for twelfth grade students (73.4) and the conditional reasoning o
score (71.84) is fifteen points higher than that of Ennis' elevs .. .:..
enth graders (56.6). (Ennis and Paulus, 1965, P V- 16)

gy

The raw score means for males and femaleS“were w1th1n two

. points of each other on both tests. The t values given in Table 11
reveal that the slight differences in scores between the sexes

were not statistically 'significant.

Table 11
Mean Scores on Cornell Class Reassning and
Conditional Reasoning Tests for

College Norming Semple by Sex

0lass Reasoning Test Candltional‘ﬂeasoning Test

Group N Mean SD SEy N - Mean SD SEM
Total 108 60.82 6.7¢ 0.65 81 53.89 6.78 0.75
Male 4o 59.70 6.94% 0.91 30 Sh. 47 6.61 1.21
Female 68 61.49 6.53 0.79 51 53.55 6.78 0.96
Difference  -- 1.79 -~ 1.20 - 0.92 -~ 1.53
t 1.49 0.60
25
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The simple median scores for each of the four college classes
on the two tests are given in Table 12. The freshmen scored
slightly above the total median or both tests, while the seniors
scored slightly below it. There id hot, however, a pattern of de-
cline through the college yeark, gince the Juniors scored highest
on both tests.

Table 12

Median Scores on Cornell Class ReaSoning and
Conditional Reasoning Tests for College
Samples, by College Class

College Class Reasoning Conditiohal Reasoning

Class N Mdn N Mdn
1971 30 59.5 223 51.0
1972 28 6h.5 -3 56.0
1973 27 5%.0 . -20 53.5
1974 23 62.0 .- .» 17 3.0

Total 108 61.0 I S 53.0

To test whether significant differences.were present among
the classes, the scores for each class were dichotomized into
those exceeding and not exceeding the total median. The two
by four tables for the two reasoning tests are combined in
Table 13. Differences as large ‘as those among the classes on the
conditional reasoning test may be expected by chance more than
fifty percent of the time. Differences as large as those on the
class reasoning test, however, may be expected less than five
percent of the time and are therefore statistically significant.
To test further whether a pattern existed across the college
years, the data were recast into a fourfold table comparing the
first two years with the lart two years. .The resulting Chi square
of 0.121 with one degree of freedom had an associated probability
in excess of .70, indicating that the previous significant Chi
square for class reasonlng probably represented a departure on
the part of the junior class (1972) alone, rather than any pattern
across the years.
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Table 13

Number of Scores on Class Reasoning and Conditional
Reasoning Tests for Each College Class Exceeding
and Not Exceeding Overall Median

Class Reaszoning Conditional Reasoning
Exceeding Not EXceeding 1 Exceeding Not Exceeding

Class Median Median - Medisn Median
1971 9 21 9 . . 14

1972 18 10 : 13 8

1973 12 15 10 10

1974 13 10 8 9
Total 52 . 56 . 40 4]

Chi square . 9.12 2.26

p (af - 3) <.05 .50

’

It will be noted from Tables 11 and 12 that for class reason-
ing both the mean and the median were 61, and for conditional
reasoning the mean was 54 and the median, 53. This similarity be-
tween the means and medians suggests that the scores for college
students were distributed symetrically and probably normally, al-
though a test for normality was not applied. Because there were
no significent sex differences or effects of studying logic and
no systematic differences across the college years, & single set
of tentative coilege norms was drawn up in the form of a percen-
tile distribution, rounded to whole scores. The scores on 2ach-
test associated with each decile and the top and bottom percen-
tiles are given in Table 1hL.

Table 1k
Percentile Scores for Sample of
College Students on Cornell Tests

of Class and Conditional Reasoning

- L Total Score
Percentile Class Conditional

Reasoning Reasoning

(N=108) (N=81)
99 72 70
90 69 63
80 67 60
70 66 _ 57
60 6L . 55
50 - 61 . 53.
Lo 59 51
30 57 50
20 5h Lo
10 52 45
1 43 37
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An indication of how closely the distribution approximates
the normal one can be gained by noting the score values of the
80th and 20th percentiles. In a normal distribution these should
be .04 SD above and below the mean, respectively. This would be
about six points in these distributions. The R0th percentile in
both distributions (67 and 60) is in fact six points higher than
the mean (61 and S4). The 20th percentile (54 and 49) is seven
points below the mean for class reasoning and five points below
for conditional reasoning. Both of these values are within a
point of what would be predicted, but suggest that the conditional
reasoning distribution may be skewed more toward the lower end
than the one for class reasoning.

Since there were in the sample 79 students who took both |
the class reasoning and the conditional reasoning test, it was
possible to determine that the Pearson coefficient of correlation
between the two tests was .745. Since the order ir which the
tests were taken might affect the means, as well as the correla-
tion between them, the order was randomized, 38 students taking
the class reasoning test first and L1 taking it after having
taken the conditional reasoning test. The means and standard
deviations for the two orders and for the total group of 79 teking:
both testts are given in Table 15, along with the corresponding
data for all subjects taking each of the tests. 0ddly enough the
slight differences with respect to order favor the test taken
first. Apparently a fatigue effect was greater than eny practice
effect. The differences, however, are not significant, the t
values, 0.59 and 1.31 having associated probabilities of about
.55 and .20, respectively.

Table 15
Mean Scores on Class Reasoning and Conditional

Reascning Tests for College Students Taking
Beth Tests, by Test Order . .~

Group Class Reasoning Conditional Reasoning

N Meen SD SEy N__Mean SD SEy
Total Teking 1058 60.82 6.78 0.65 81 53.89 6.78 0.75
Fach Test
Total Taking 79 60.11 6.85 0.77 79 53.94 6.34 0.72
Both Tests
Class First 38 60.58 7.37 1.19 38 52.94 7.00 1.13
Conditional First 41 59.66 6.52 1.02 41 s54.85 5.79 0.90
Difference -- 0.92 «-- "1.57 -~ 1,91 -- 1.k5

b 0.59 1.31
28
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About one fifth of the students in the sample reported that
they either had taken or were taking one or more courses dealing
with formal or symbolic logiec. Table 16 indicates that those who
had had some logic instruction scored only slightly higher on the
average than those who had never studied logic. For neither tyve
of reasoning was the difference statistically significant.

Table 16

Mean Scores on Class and Conditional Reasoning Tests For
College Students Who Had and Had Not Studied Logic

Group Class Reasoning Conditional Reasoning
N Mean SD ©SEp N Mean SD BSEgm
Studied Logic 23 61.04 8.05 1.68 20 55.75 8.03 1.80
No Logic Study 85 60.76 6.34 0.69 6l 53.28 6.20 0.79
Difference -- 0,28 - 1.82 --  2.47 -- 1.96
t 015 1.26

Grade point averages were reported by 54 students, all of
whom took the class reasoning test and 40 of whom took the con-
ditional reasoning test. These students. with one exception,
were juniors and seniors, since letter grades are not given to
freshmen and sophomores. The median reasoning scores of students
whose grade point averages fell within certain intervals are given
in Table 17. The overall median scores of this sub-sample are
almost exactly the seme as those for all juniois and seniors in
the total sample. of whom the sub-sample included 90 percent.

The relationship between grade point average and conditional
reasoning score is essentially linear. with a product-moment cor-
relation of .359 The distribution of eclass reasoning scores,
however, appesrs to be bimodal. the relationship being much
stronger at the uppzr and lower GPA range than in the middle of
it. The overall Pearson r was .314. It should be noted that few
measures, other than high school average, correlate as high as
.30 with college grade point average

Table 17
Median Scores on Class and Conditional Reasoning Tests
for College Students by Grade Point Averagz .

Grade Point Class Reasoning Conditional Reasoning

Average N Mdn N Mdn
Above 3.4 5 69.0 - 2 63.0
3.0 - 3.3 14 61.0 9. 56.0
2.6 -29 ol 64.0 20 53.0
Below 2.6 11 55.0 9 50.0
Total ' 54 61.0 Lo 53.5

r .314 . .359




Experimental Results

The experimental data consist of pre-test and post-test scorves
on the Cornell Class Reasoning Test for the college sample and the
ninth grade sample and on the Cornell Conditional Reasoning Test
for the college sample only. Pre- and post-test data on' the num-
ber of class reasoning principles mastered are slso available.
A1l data are reported here by aptitude discrepancy type (vq or Qv),
by treatment (VS or SY program), by the two combined (Vq-VS. Vg-SY,
Qv-VS, or Qv-SY), and by matching of type and treatment (Vg-VS and
Qv-SY considered matched, Vq-SY-and Qv-VS considered mismatched).
Direct learning of class reasoning is discussed first, after which
transfer to conditional reasoning is considered.

.Direct learning of clafs reasoning. The mean scares in class
reasoning before and after instruction are given in Tables 18 and
19 for various sub-groups in.each sample. The programs produced
... an .overall gain of 2.30 with the college sample, which is signi- -
ficant at the .05 level. With the ninth grade sample, however,
the overall gain of 1.68 was not statistically significant. None
of the sub-groups in the ninth grade made a significant fain, al-
though that of the "matched" groupS exceeded a probability of .05
only slightly. In the college sample, on the other hand, the
gains of the Qv discrepancy group and of students assigned the SY
program were significant. These gains were largely attributable
“to the particular effectiveness of the SY program with the Qv

"fﬁéroupz which also led to.a significant gain for the "matched"

" groups, even though the VS program was of less then“average effec-

tiveness with the Vg group.
. Table 18

A

Mean Scores on Class Recsoning Test for. College
Sample Before and After’Instruction

Grovp Before After Gain~
N Mean SD Mean SD  Mean ‘SE t
Tof,an 30 62.27 L.35 6L.57 5.19 2.30 0.7k 3.11¥*
Discrepancy Type
Vq 15 60.57 U4.66 62.93 5.56 2.26 1.19 1.91
Qv 15 63.867 3.32 66.20 4,18 2.33 0.98 2.38«
Treztment : .
vs 15 62.40 L.03 63.47 5.57 1.07 0.85 1.26
5V 15 62.13 1,65 65.67 4.50 3.54 1.19 2.97%%
Experimental
“Bondition ) -
© V-V 8 60.50 %.03 62.13 6.01 1.63 1.09 1.50
Vq-8Y Y 60.86 5.28 63.86 L4.82 3.00 2.49 1.20
Qv-Vs 7 64.57 2.72 65.00 L.L4 o0.43 1.49 0.29
Qu=SY -3 63.25. 3.67 67.25 3.49 k.00~ 1.11 3.60%*
- Pype=Treatment Match o
Matched 16 61.88 4,09 6L4.69 s5.42 2.81 0.79 3.56%*
Mismatched 14 62.71 4.59 64.43 L.81 1.72 1.36 1.26
*p:.05
** .01
30
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. Table 19

Mean Scoree on Class Reasoning Test for Ninth
Grade Sample Before and After Instruction

After

Before: Gain
Group _ N~ Mean SD Mean SD Mean —SE  tl
Total 31 50.03 7.49 51.71 7.45 1.68 1.10 1.53
Discrepancy .
Type
Vq 15 L46.67 6.71 50.00 8.35 2.33 1.88 1.2k
Qv 16 52.25 7.50 53.31 6.07 1..06 1.32 0.80
Treatment
Vs 15 50.60 7.82 52.87 6.26 2.27 1.6z 1.ko
sY 16 k49,50 7.12 50.63 8.27 1.13 1.76 0.6k
Experimental
Condition
Vq-VS 7 44,57 5h2 kW9 k3 565 4.8 2.79 1.7h
Vq-SY 8 50.38 6.56 50.50 10.11 C.12 2.58 0,05
Qv-Vs 8 55.88 5.42 55,88 5.11 0.00 1.73 0.00
Qv-SY 8 148.63 7.53 50.75 5.87 2.12 2.14% 0.99
Type-Treatment
Match
Matched 15 U46.73 6.93 50.13 5.80 3.40 1.65 2.06
Mismatched 16 53.13 6.61 53.19 8.47 0.06 1.57 0.04
INone of t values is significant at .05 level.
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Although the ninth graders made smaller average gains than
the college students, approximately the same proportion of them
made some gain (gee Table 20). In both samples the percent of
each discrepancy type and the percent of those assigned each pro- -
gram version who gained were approximately the same and the actual
proportions were similar in the two samples. For the ninth grade
sample approximately the same percent of those whose program ver-
sion matched their didcrepancy type made gains as of those who
were mismatched, but this was not the case in the college sample,
where a much larger proportion of matchead students gained than of
those who were mismatched. Thus, there is a suggestion of inter-
action between treatment and discrepancy type in the college
sample,

Table 20

., of Subjects in Ccllege and Ninth
Grade Samples Whose Score on Class Reasoning
Test Increased Following Instruction

College Ninth Grade
(N=30) (N=31)

Group N % N o
Total 21 70.0 21 67.7
Discrepancy
Type
Vq 11 73.3 11  73.3
Qv 10 66.7 10 62.5
Treatment
Vs 10 66.7 11 73.3
sY 11 73.3 10 62.5
Experimental
Condition
Vq-Vs 7 87.5 6 85.7
Vg-SY Y 57.1 5 62.5
Qv-VS 3 k2.9 5 62.5
Qv-SY 7 87.5 5 62.5
Type-Treatment
Match

Matched (Vq-VS, Qv-SY) 14 87.5 11 73.3
Mismatched (Vg-SY, Qv-VS) 7 50.0 10 62.5
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Table 21 shows the number of college students in each of
the four experimental sub-groups who demonstrated mastery of each
of the eight class reasoning princ.ples before and after complet-
ing the instructional program. Each group gained slightly in the
number of principles mastered, the mean being 0.6 principles.
Gains were made for all except two prrinciples, the first (for
which no gain was possible) and the seventh. The greatest gains
were on Principles 4 and 8. Comparable data for the ninth grade
are given in Table 22. The mean geain here is 0.5 principles and
one sub-group (Qv-VS) declined slightly. ILosses occurred for
three principles, the first, fifth, and eighth. The ninth graders'
greatest gains occurred on Principles 2 and 3. Thus, the program
seems to have been effective in different ways at the two educa-
tional levels. :

Table 21

Number and Percent of College Sample Demonstrating
Mastery of Each of Eight Principles of Class
Reasoning Before and After Instruction

Group Total

Vq-VS Vg-SY Qv-VS Qv-SY No. %

Principle N=8 N=7 N=7 N=8 N=30
1 . Pre ) 7 7 8 30 100
Post 8 7 7 8 30 100
2 Pre 6 7 6 8 27 90
.Post 8 6 7 8 29 97
"3 Pre . L 5 6 6 21 70
©  Post 5 6 5 8 ok 80
4 Pre L 6 5 8 23 77
Post 8 () 7 8 29 97
5 "Pre 8 6 6 7 o7 90
Posy 7 7 7 8 29 97
6 Pre 4 4 6 7 21 70
Post 3 5 7 7 22 73
7 Pre 8 5 7 7 27 90
Post 7 7 7 6 27 90
8 Pre 3 L L 6 17 57
Post 6 5 5 7 23 77
Total Pre L5 LL 47 57 193 --
Post 52 L9 52 60 213 -

Mean
Principles Pre 5.6 6.3 6.7 7.1 6.5 81
Mastered Post 6.5 7.0 7.4 7.5 7.1 89
33
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Table 22

Number and Percent of Ninth Grade Sample Demonstrating
Mastery of Each of Eight Principles of Class
Reasoning Before and After Instruction

Group Total
Vq-V§  vg-SY  Qv-VS Qv-8Y  No. %

Principle N=7 N=5 N=8 N=8  N=31
1 Pre 7 8 8 7 3097
Post 6 7 8 8. 29 ol
2 Pre L 3 8 5 20 6h
Post 6 6 8 & 28 90
3 Pre 0 0 2 0 2 06
Post 1 2 2 3 8 26
4 Pre 3 6 7 N 20 an
Post 3 6 6 6 21 67
5 Pre 7 7 8 6 28 90
Post 5 7 8 6 26 8l
6 Pre 0 1 1 0 2 06
Post 2 0 1 0 - 3 10
7 Pre 1 3 5 1 10 32
Post 3 3 Y 3 13 4o
8 Pre 1 5 4 Y AT
Post 1 Y 5 3 13 4o
Total Pre 23 33 43 o7 126 .-
Post 27 35 4o 37 141 --

Mean
Principles Pre 3.3 4.3 5.4 3.4 4,1 s1
Maestered Post 3.9 4.8 5.3 4,6 4.6 57
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These differential effects apply not only to particular prin-
ciples but to sub-groups in the samples. Whereas both for total
score and for number showing gains, the matching of discrepancy
type and treatment seemed to have had some effect only in the col-
lege sample, it can be seen in Table 23 that with regard to the
mastery of principles, the 1nteract10n effect is noticeable only
in the ninth grade sample.

Table 23

Mean Number of Class Reasoning Principles
Mastered Before and After Instruction by
Sub-Groups of College and -

Ninth Grade Samples

College Nlnth Grade
Group N Pre Post N_"Pre Post
Total 20 6.5 7.1 31 4,1 4.6
Type
Va 15 5.9 6.7 15 3.7 L1
Qv 15 6.9 7.5 16 LY b.9
Treatment
vs 15 6.1 6.9 15 L. L 4.6
SY - 15 6.7 7.3 16. 3.8 4.5
Type-Treatment : :
Matched 16 6.4 7.0 15. . .3.1 k4.3
Mismatched - 14 6.5 7.2 4.8 4.8

16

Transfer to conditional reasoning. The college sample was
also given a test in conditional reasoning before and after in-
struction in class reasoning. The scores for various sub-groups
are presented in Table 2k, Only the Vq discrepancy group mede a
statistically significant transfer from class reasoning instruc-
tion to conditional reasoning performance, largely when taught by
the VS version. By contrast, the Qv group when taught by the VS
version,. showed a slight loss in conditional reasoning. -Although
the gain made by the group taiught by a program version matched to
its discrepancy type was not statistically significant, it was
over eight times as great as that of the mismatched group.
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Table 2L

Mean Scores on Conditional Reasoning Test for
- College Sample Before and After Instruction

Before After Gain
Group N Mean SD Mean SD Mean SE t
Total 29 57.97 5.56 59.1h 5.22 1.17 0.70 1.67
Discrepancy
Type
Vg 1 55,29 4.8k s57.14  L4.16 1.85 0.83 2.24*
Qv 15 60.47 L4.99 6A1.00 5.h2 0.53 1.21 0.4k
Treatment
Vs 15 55.87 5.11 57.13 L4.87 1.26 0.85 1.49
SY 14  60.21 5.13 61.29 L.70 1.08 1.27 0.84
Experimental
Condition
Vg-Vs £ 53.75 L.82 56.38 L.l 2.63 1.28 2.05
Vq-~-SY 6 57.33 L.07 58.17 3.53 C.84 1.00 0.8L
Qv-VS 7 58.29 4,30 58.00 5.21 ~0.29 0.90 0.32
Qv-SY 8 62.38 L,77 63.63 L4.06 1.25 2.25 0.56
Type-Treatment
Match
Matched H 58.06 6.45 60.00 5.58 1.94 1.22 1.59
Mismatched 13 57.85 L.,22 58.08 L.,51 0.23 0.64 0.36
* p <..05

Statistical Analyses

The statistical tests presented to this point have indicated
no significent differences between groups with treatment matched
to discrepancy type and those which were mismatched, whether in
total score, number showing score increase, or number achieving
mastery of a principle. Yet in nearly all instances, the direc-
tionality of observed differences has been that hypothesized.

Analyses of covariance. Since the correlation between pre-
test and post-test scores is high (.75), since the randomly as-
signed ninth grade groups differed considerably in pre-~test score,
and since the chief interest of the study is whether a treatment-
discrepancy type interaction exists, an analysis of covariance was
carried out for the three sets of data, with the pre-test score
as covariate. If a significant interaction were shown by this
more sensitive parametric test, then it would be necessary to de-
termine whether all of the assumptions for such tests were met,
However, since some of the assumptions are met and since other
tests indicated a lack of significant interaction, such determin-
ation was not made prior to performing the covariance analyses,
the results of which are presented in Tables 25, 26, and 27.

They show that none of the F values, for discrepancy type, pro-
gram version, or interaction between the two was significant at
the .05 level.
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Symbolic component sub-scores. Each item group in the Cor-
nell Class Reasoning Test, whether testing a single principle or
a combination of them, was comprised of three types of items, de-
signated CF, SY, and SU. 1In each item group there are four itens
of the CF (concrete familiar) type, meaning that the "... content
mentioned is concrete articles and qualities with which the sub-
ject has been associated." (Ennis and Paulus, 1965, p.IV-8}.

One item in each group is of the SU (suggestive)type in which the
truth status of the content in the conclusion is known to the sub-
ject and is at variance with the validity status of the argument,
It was this type that necessitated the inclusion of some verbal
content in the SY program used in this study. The sixth test
item in each group is of the SY (symbolic) type, using letters in-
stead of words as content in the statements, as was the case with
the majority of frames in the SY and of only a few in the program
VS version.

Because only one-sixth of the test uses a symbolic format,
while five-sixths of the items use words as content, the possibil-
ity was envisioned that the program versions might have differen-
tial practice effects upon test item types, rather than or in ad-
dition to, learning and transfer effects relative to principles
of deductive reasoning. The twelve test items making up the SY
component were therefore scored separately to proviic an SY sub-
score for each subject. The various sub-group meens for these
sub-scores are given for the college sample in Table 28 and for
the ninth jirade sample in Table 29.

The overall gain by both samples on these items was statis-
tically significant, but in both samples the gain is largely at-
tributable to that made by the Vq group using the SY program.
This group may not have been proficient at using symbols in rea-
soning and the SY program may have taught these students the use
of symbols as well as class reasoning principles.

Lo
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The correlation between pre-test and post-test scores on these
twelve SY items was much lower than that for the class reasoning
test as a whole. Whereas for the college sample the pre-post cor-
relation for total scores was .721, the coefficient for the SY com-
ponent was only .357. For the ninth grade sample the total score
correlation was .665 und that for the SY component, .322. Of course
the lower reliability of the component score will depress the cor-
relation to some extent. However, the fact that the component
correlations are only about half of those for total score again sug-
gests the possibility that one version of the program may have taught
how to handle test items involving symbols while the other did not.

Examination of the correlations for each of the experimental

sub-groups, given in Table 30, does not, however, make such an effect -

apparent, The operation of a variety of factors, in addition to the
instability of the correlations due to the small numbers in each sub-
group, makes their interpretation difficult. The correlations
between the total scores and the SY component scores on the class
reasoning pre-test were .692 for the college sample and .538 at the
ninth grade level, indicating that the SY items were measuring some-
thing in addition to reasoning ability, such as ability to deal with
abstract symbols, That this effect would be more marked at the

ninth grade level would appear reasonable to expect.

Table 30

Correlations Between Pre-test and Post-test Values
of Total Score and Symbolic Cemponent Score
on Class Reasoning Test for Both Samples

Collece Yinth Grade
Groun Total SsY . Tatal £y 4 \
Vqvs .931 674 «289 $527
VqsY .638 «226 .789 +436
Qvvs .677 «366 672 -.158
OveY 2692 o415 _ .197 .108
Total o722 ¢ 357 .65 « 322
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VI
Conclusions
In this concluding chapter, the evidence supporting and re-
futing the hypotheses proposed earlier is summarized. Some gener-
al conclusions are drawn, and recommendations are offered for edu-

cational practitioners and researchers.

Findings Relating to Direct Learning Hypotheses

The firgt hypothesis was that individuals with high verbal
aptitude and low quantitative aptitude (Vq) would learn more
about class reasoning from a verbal program (VS) than from one
using symbols (SY). Three kinds of evidence are available for
each of the two samples. These consist of (1) total scores be-
fore and after instruction, (2) number whose scores increased,
and (3) number of principles mastered before and after instruc-
tion.

(1) Total score for Vq groups:

College Sample Ninth Grade Sample
Before After Gain Before After Gain
VS program 60.50 62.13 1.63 LL.57 Lo.k3 T.86
SY program 60.86 63.86 3.00 50.38 50.50 0.12

The college groups were roughly equivalent at the out- _
set and contrary to the hypothesis, those who had the SY pro- -
gram gained most, although the difference between the post-
test means is not significant (t = 0.62). In the ninth
grade sample the groups were initially quite different, but
not significantly so (t = 1.87). After instruction, the gap
had almost been closed, lending some support to the hypothe-
sis.

(2) Number in Vq groups showing gain:
College Sample Ninth Grade Sample

VS program 7 out of & 6 out of 7
SY program 4 out of 7 5 out of 8

In the two samples, 13 out of 15 Vq students gained
with the VS program, 9 out of 15 gained with the SY. 'The
direction supports the hypothesis, but the difference lacks
statistical significance.

(3) Principles mastered by Vq groups:

College Sample Ninth Grade Sample
Before After Gain Before After Gain
VS program 5.6 6.5 0.9 3.3 3.9 0.6
SY program 6.3 7.0 0.7 4.3 4.8 0.5

L
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In the two séhples, Vg students with the VS program
achieved mastery of an average of 0.75 principles, as against
0.60 for those with the SY. Again the direction of the dif-
ference is consistent with the hypdthesis, but it is not a
significant one. '

Thas, five of the six items of evidence indicate statistical-
1y non-significant Jifferences consistent with the hypothesis and
one, also not significant, is opposite to it. One reason why e
more marked adventage wes not evident for the VS program was sug-
gested by Table 28, in which it was shown that on the symbolie
(sY) test items the Vq students benefited more from the SY pro-
gram, thus offsetting benefits from the VS program with respect
to the learning of class reasoning.

According to the second hypothesis, Qv students were expected
to gain more from the SY program than from the VS program. Again
three kinds of evidence can be presented.

(1) Total score for Qv groups:

College Sample Ninth Grade Sample
Before After Gain Before After Gain
SY program 63.25 67.25 L.00 UB.63 50.75 2.12
VS program 64,57 65.00 0.43 55.88 55.88  0.00

The Qv college students assigned to the SY program
scored lower than those assigned the VS versioh prior to in-
struction and higher following it. The difference between
the post-test means is not, however, statisticelly signifi-
cant (t = 1.93). The ninth grade groups were significantly
different on the pre-test (t = 2.20), but were not on the
post-test (t = 1.86). This change is consistent with the
hypothesis.

(2) Number in Qv group showing gain:
College Sample Ninth Grade Sample

SY program 7 out of 8 5 out of 8
VS program 3 out of 7 5 out of 8

A greater proportion of the college Qv students
gained with the SY program than with the VS program, but
the difference is not significant (Chi square 3.49; df, 1;
p = .05 -.lO). There was no difference between the two
program versions for the ninth graders.

(3) Principles mastered by Qv groups:

College Sample Ninth Grade Sample
Before After Gain Before After Gain
SY program 7.1 7.5 0.k 3.4 4.6 1.2
VS program 6.7 7.h 0.7 5.4 5.3 -0.1.
45
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Here the ninth grade evidence is consistent with the hy-
pothesis, but the college data are- inconsistent with it. Over-
all, in the two samples, the Qv students achieved mastery of an
average of 0.8 principles with the SY program and 9.3 with the
VS program, the direction being supportive of the hypothesis.

Four of the six indicators tend to support the second hypothe-
sis, one tends to refute it, and one does neither. Again, hows"
ever, none of the evidence is statistically significant.

The third aypothesis predicted greater learning from a pro-
gram matched with the student's aptitude discrepancy type than
from ore that was mismatched.

(1) Effect of matching on total scores:

College Sample Ninth Grade Sample
Before After Gain Belore After Gain
Matched 61.86 64,69 2.1 Lb6.73 50.13 3.40

Mismatched 62.71 64.43 1.72 53.13 53.19 0.06

. The matched college group had a slightly lower mean
score at the outset and a slightly higher score after instruc-
tion than the mismatched group, tending to favor the hypothe-
sis. The ninth grade groups differed significnntly before

~ instruction ( t = 2.63, p <.05), but did not differ signif-

© icantly afterward ( t = 1.17). While not significant, the
data from both semples support the efficacy of matching.

(2) Number in matched groups showing gain:
College Sample Ninth Grade Sample

Matched 14 out of 16 11 out of 15
Mismatched 7 out of 1h 10 out of 16

Slightly more than 80 percent of the matched students
in the two samples gained through instruction, compared with
about 57 percent of those who were mismatched. This differ-
ence, while supportive of the hypothesis, is not significant
statistically (Chi square,3.17; df, 1; p = 0.5 -.10).

(3) Principles mastered by matched groups:

College Sample Ninth Grade Sample
Before After Gain Before After Gain
Matched 6.4 7.0 0.6 3.1 4.3 1.2
Mismatched 6.5 7.5 0.7 4.8 4.8 0.0

In both samples, the matched groups achieved mastery of
amean of 0.8 principles, while the mismatched mastered 0.L,
The slight difference in the college sa2mple is inconsistent
with the hypothesis, whereas the substantial difference among
the ninth graders is supportive of it.

L6
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With respect to matching, then, five of the six indicatoras
are in a direction Bupportive of the hypothesis and one is con-
trary, though none is of statistical gignificence. Also bearing
on this hypothesis is the information gained from two analyses of
covariance, neither of which revealed a significant interaction
effect in post-test scores between treatment and discrepancy type
when pre-test score was the co-variate.

Findings Relating to Transfer Hypotheses

The three final hypotheses parallel the first three in pre-
dicting, for the same combinations of discrepancy type and pro-
gram vergion, greater transfer from class ressoning instrnction
to performance on a conditional reasoning test.

Hypothesis 4 concerned the Vq group. The total score re-
sults on the conditional reasoniug test were as follows for the
Vq group in the college sample:

Before After Gain
VS program 53.75 56.38 2.63
SY program 57.33 58.17 0.8k

The groups were not very equivalent prior to instruction
(though not differing significantly, t = 1.51) but the gap was
reduced by half through the greater transfer of the VS group.

The direction of change was consistent with the hypothesis, Fur-
ther, 6 out of 8 in the VS made some gain, in contrast with 3
out of 6 with the SY program, also tending to support the hypo-
thesis.

The fifth hypothesis predicted greater transfer for the Qv
group that studied class reasoning with the SY program version.
The data for the Qv college students with respect to total scores
in conditional reasoning were as follows:

Before After Gain
SY program 62.38 63.63 1.25
VS program 58.29 58.00 -0.29

The group using the SY program did not gain much, but the
Vs group showed a g8light decline. The direction of the gains is
as predicted. Among those taught by the SY program 5 out of 8
gained on the transfer test, compared with 3 out of 7 in the VS
group, again in the direction of the hypothesis.

The final hypothesis predicted greater transfer for groups
assigned a program version matching their discrepancy type. Total
scores for matched groups were as follows:

Before After Gain
Matched 58.06 60.00 1.22
Mismatched 57.85 58.08 0.64
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The direction of the difference in gains accords with
the hypothesis, but statistical significance is lacking.
Eleven out of 16 matched college students showed positive
transfer, whereas only 6 out of 13 of those who were mis-
matched did. On the other hand, the analysis of covariance
revealed no significant interaction effect.

Conclusions

1. The Cornell Class and Conditional Reasoning Tests can be
used with college populations without a serious "topping"
effect, yielding scores distributed approximately nor-
melly.

2. 'The Cornell Class Reasoning Test correlates about .75
with the Cornell Conditional Reasoning Test on a college

sample.

3. No significant sex difference was found among college
students in class or conditional reasoning.

Lk, No pattern of growth in deductive reasoning ability
during the undergraduate college years was found.

5. Students reporting that they had taken or were taking
one or more college courses in logic did not score sig-
nificantly higher on either test, than students who had
never studied logic.

6. Nevertheless, a brief 200-frame programmed instruction
unit on class reasoning was able to produce significant
improvement in class reasoning test scores on the part
of college students.

7. Gcores of college students on the Cornell Class Reasoning
Test tend to be higher (t = 7.00; p<« .001l) than
their scores on the Cornell Conditional Reasoning Test.

8. The mean college scores obtained (60.82 on class reason-
ing, 53.89 on conditional reasoning) were predictably
higher than those reported by Ennis and Paulus for
senior high school students.

9. If students do not systematically improve in deductive
reasoning in college, and college students' scores are
markedly higher than those of high school students, then
apparently reasoning ability reaches its full develop-
ment in high school and students with greater reasoning
ability are selected for college.‘

10. Reasoning ability of college students is only moderate-

ly correlated (.31 -.36) with their academic achieve-
ment (GPA).
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11.

12.

13.

The discrepancy between a gtudent!s verbal and quantita-
tive aptitude scores appears to be & varisble related
to his response to instructionsl materials.

Although differences were for the most part not statis-
ti¢ally significant, twenty out of 27 indicators were in
a direction supportive of the hypotheses that adaptation
of instruction to direction of aptitude discrepancy
facilitates learning of class reasoning principles and
their transfer to conditional reasoning, only three in-
dicators of the 27 being inconsistent with these hypothe- -
ses.

In several respects the procedures and findings of this
study are similar to those reported by Baker (1968), who
also used 8ymbolic and semantic versions of a_programmed
instruction unit to teach logic to students clasgified
on the basis ol a battery of Guilford's ability tests.
He found that success with both program versions was
best predicted by scores on ability tests using semantic
content and that aptitude-treatment interactions were
not significant. Although hid results were, like those
of the present study, somewhat ambiguous, Beker found no
evidence that the stimulus content dimension of programs
is not critical from an instructional point of view.

Recommendations

1.

Researchers concerned with deductive reasoning at the
college level may find Ennis’ Cornell tests, used in
this study, to be suitable instruments for measSuring
this variable.

Further norming of the Cornell tests should be undertaken
at a variety of institutions of higher learning to con-
firm the norms determined in this study and to ascertain
what differences, if any, in reasoning ability exist
among student bodies of various types of institutions.

Further refinement of the instructional progrzms on class
reasoning developed in this study should be under-

teken to provide an effective means of improving college
and high school students' understanding of principles of
logic. Parallel programs on conditional reasoning should
be developed. Program revision and development should be
in the direction of reducing the emphasis on principles
which most mature students have been shown to understand
and increasing the emphasis on the principles which are
least understood.

Continued experimentation with aptitude~treatment inter-
action is to be encourasged. Although significant inter-
action was not demonstrated in this study, the direction-

T
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7.

ality of the findings was sc consistent that the existence of an
interaction effect seems at least to be possible. It is likely
that the adaptation of instruction must be.directed toward even
more specific characteristics than the aptitude discrepancy -used
in this study. Further study is needed to determine what were
the characteristics of those students who profited most from
each of the program versions.

The personalogical variable of aptitude discrepancy appears to
merit further study. The two extremes of this continuum appear
to respond in noticeably different ways, even though their
average I.0!s are similar.

Educators who are anxious to provide individuals with instruc-
tional materizls consonant with their strengths should keep in
mind that there are circumstances when an individual's needs
are best served through materials which help him to overcome a
weakness,

A study similar to that reported here using a program on
conditional reasoning is needed to determine whether training
in conditional reasoning transfers better to class reasoning
than training in class reasoning does to conditional reasoning.

By developing a program parallel to the VS version used in the
present study. using verbal examples from the humanities rather
than the sciences it would be possible to determine whether an
interaction effect exists with respect to the interest value
of the content, in contrast with its form, The two verbal
versions might be administered randomly to students majoring
in the humanities and others majoring in the sciences.

In their efforts to adapt instruction to individual differ-
ences and to study various aptitude-treatment interactions,
educational practitioners and researchers might well keep in
mind the warning of Cronbach and Snow (1969, p. 194} that
"... the Thurstonian approach [to aptitudes] which proved ex-
tremely useful in the field of vocational assignment (where
persons are to do well at different tasks) has proved almost
entirely abortive in.guiding educational assignment, wvhere we
wish to bring persons by differe:t means to master the same
tasks,"

9
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Appendix A

Example of Frames from Program Version, SY

1.38 When the quantity term is "Some" instead of "No" or
"Al1", the proposition is a particular instead of a
universal. - Because the affirmative statement, "Some .
A's are B's" does not assert anything about all A's, it -

is particular rather than

1.39 Whereas the statement "No A's are C's" is universal and
negative, the statement "Some A's are B's" is

and .

1.39 particular
affirmative




8.3

Appendix A

Examples of Frames from Program Version, VS

The previous frame illustrated the contrapositive form

which is true if the original statement is true. By
interchanging the subject term and predicate term and
also negating each of them, one can transform a state-

nent into its .

contrapositive (Don't confuse it with the converse where
you merely interchange subject term and predicate term
without at the same time negating them,

8.k

The contrapositive of "All electrons are negative particles"

is all non- are -

electrons.

All non-negative particles are non-electrons. (Negate
both the interchanged subject and predicate terms.)



Appendix B

Sample Practice Ttem from
Cornell Class Reasoning Test

Here is a reminder of the meaning of the possible answers:

A, YES It must be true.
g NO 5 can't bei true. Lo : S
MAYBE It may bel true or it may not be true. ! You werlen'
' told encugh to be certain whether it is "YES" gr
: "Noﬂ. .: . ;o ! ’ :

PR
H N 4

a

Circle the answer to this next sample. . Be careful:

3. Suppose you know that

e t———— ¢ .

Jane is standing near Betsy. © 3. A. YES
Then would this be true? ‘B, NO
Betsy is standing near Jane.. : C.. MAYBE |
i .
i
i
’ : !
‘ { ; : ;
- ; Co
: ' ; -, o
G ; .
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Appendix C

Basic Data on College Sample

Class Symbolic [Conditional]
Sub- College|Logic |[RSE Score |[Reasrning Ttems Reasoning
Ject |gex| Class Course] V | § |Pre Post|Pre Post | Pre Post |
VW1lF 72 No |83 | 26 1 62 | 8 9 U7 L9
2|F | T2 Yes |86 |29 |64 67 |10 10 § 61 64
3|F 71 No {90 | 28 64 68 8 10 59 59
hirf{ 72 No {83 {17 |54 4o | 5 8 | 51 53
5{F | 71 Yes {83 {14 |58 62 1 9 8 | 57 56
6{F 71 No 183 | 33 59 61 8 8 50 60
7\ F 71 Yes |90 | 23 6 69 11 11 56  57%
s{r | 71 No 83 |33 |57 59%f 8 8 | ho 53%
VS 1| F 72 No 84 | 29 68 68 |11 11 60 61
2lrF 72 Yes |84 | 23 58 54 8 7 54 53
3|F 72 No {85 | 28 67 67 8 11 56 56
Lir 71 Yes 83 [ 14 61 67 8 12 53 58
5{F 71 Yes {88 { 2k 57 61 5 8 56 57
6]F 72 No 88 | 27 63 68 8 12 65 64
71|F 72 Yes |88 | 18 52 62 |11 11 L L
QU1l|M | 71 No |54 fu5 {64 68 |10 12 | 63 61
2lM | T2 No {42 {43 60 58 |10 8 55 §3%
3{M | 70 No {52 {46 |65 60 § 9 7 53 54
4 M 71 No {53 | b5 62 66 8 11 61 59
5{F 70 No 158 | 49 68 63 j11 12 59 61
6|M 71 Yes (52 | 4k 65 63 {11 . 9 53 51
71M 71 No 159 | 50 68 72 11 12 64 L7
s 1M | T1 No [50 | 46 61 67 |11 11 | 64 58
2iM | 71 No 60 |43 67 69 {11 12 6k 62
3{M 72 Yes 61 | 46 63 61 {11 11 66 59
YLiF 72 No [53 |43 56 63 9 10 57 63
5{M 70 Yes [56 |49 66 T1 8 12 71 7o%
6lM| 71 No pu4 |Lu8 68 71 9 12 62 65
7 (M 72 No 1 {ub 61 66 7 10 55 65
8IF 70 No 153 L5 64 7o% 12 12 60  65%

* Eliminated from covarience analysis to equalize cells
¥#% Did not take conditional reasoning test

56
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Appendix C
Score by Class Reasoning Principle

Basic Data on College Sample (cont’d)
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R!Total possible for principle 3 is 12.
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¥ Total
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Appendix C

Basic Data on Ninth Grade Sample

CTMM Score Class Reasoning  Symbolic Items

Subject Sex L (V) NL (Q) Pre Post Pre Post
VW1 F 122 95 R 52 N 6
2 M 123 110 49 58 7 7
3 F 116 93 W7 39 7 7
4 M 115 gL 50 54 6 6
5 M 122 108 42 46 8 8
6 M 120 105 3L 48 h 7
7 F 123 108 ani 4o h 7
1 M 132 103 61 67 8 11
2 M 117 93 N W7 8 7
3 F 129 111 59 56 5 7
l F 116 gL L9 52 7 8
5 F 119 98 43 49 L 8
6 M 117 89 52 56 7 9
7 F 118 103 52 48 7 6
8 M iz2 109 43 29 L 6
1 M 110 129 63 6L 7 8
2 F 95 119 51 53 9 5
3 F 108 131 54 57 8 9
L M 87 118 46 46 7 8
5 F 101 119 5k 59 8 9
6 F 98 116 60 53 - 8 7
7 F 04 120 57 60 8 8
8 F 112 132 62 55 T 5
Qs 1 F 104 118 55 51 7 5
2 F 93 115 45 48 3 6
3 F 93 117 58 60 8 7
l F 104 125 48 52 6 6
5 F 97 117 59 53 7 6
6 F 107 120 L5 57 7 8
7 F 100 119 43 43 5 7
8 F 96 129 36 ho 5 7
58
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Appendix C
Basic Date on Ninth Grade Sample (cont'd)
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Total possible for principle 3 is 12,

ai Total possible score for principles except # 3 is 6.
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