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CHILDREN'S CONDITIONAL REASONING: :
to Distinguish between Valid and Fallacious Inferences

ABSTRACT

Nitsa Hadar

This study stemmed from a desire to redress the distorted
view of mathematics in the elementary curriculum, created by the'
current imbalanced emphasis on computétional rules and some
applications, but very.little logical analysis., The study intends
to éhow that fifth-grade students can significantly improve their
use of logical analysis through a suitable instructional gnit.
taught under ordinary classroom conditions.,

Concrete teaching materials were developed, through several
trials and revisions, to familiarize students with the distinction -
between the valid inference patterns -- Modus Ponendo Ponens and
Modus Tollendo Tollens (MP, MT), and the fallacious ones -- Affirm-
ing the Consequent and Denying the Anteéedent (AC, DA). No formal
rules were ta&ght.

The experimental unit was implemented four to five times a
week for 23-25 sessions, by 4 fifth-grade teachers in their ordi-
nary classes. The teachers participated in a twelve-ﬁour pre-
training wbrkshop.

A pretest/posttest treatment/no-treatmen:\design was applied
to assess resulting improvement in students' conditional.reasoning

ability. The sample consisted of 210 fifth graders in a suburban

area, 104 in 4 experimental classes and 106 in 4 control classes,
A written group test was developed, through trials and revi-

sions. Test items are formulated with a reasonable hypothetical

)
O~ h




content. Each item includes two premises: the first a conditional

sentence, and the second either its antecedent, its consequent, or
the negation of one of these, thus determining the logical form:
MP, MT, AC, or DA, The question following the premises is stated
pos;tively. MP and MT are answered correctly by '"yes'" or ''no"; AC
and DA by '"not enough clues" (NEC), ‘

The test gbntains 32 randomly-ordere& three-choice items,
eight in each logicai form (two of the eight in egcﬁ of the four
possible modes in which negation may or may not occur in the ante-
cgdent or consequentj. No sentential connective other than nega-
tion and conditional appears in the prémises. Test/retest
reliability waS‘.%9.

Experimental and control group pretest performance levels
did not differ (o = .05). More than 78% of the answers on MP. and
MT, and fewer than 33,1% on AC and DA, were correct. Overall
pretest mean scores.were 54.3% and 53.8% for the experimental and
control grouPS‘respectively.

There was a signifiéant difference (o =‘.01) between the
experimental and control groups' posttest overall performance -
74,7% and 55.4%, respectively.

There was no significant change in the control group's pre-
test and posttest performance levels on any logical form, or for
the experimental group's on MP and MT, However, on AC and DA the
two groups' gain(scores were found significantly different.

Negation mode, unlike logical form, was not found to be inde-
pendently influenfial in analyzing test scores, but interacted

with logical form.
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There was a pretest/posttest increase of 3.5 in experimental
group frequency (percentaged) of incorrect NEC answers (MP and MT).
As NEC appeared infrequently on the pretest, this increase was
interpreted as learning that NEC is an acceptable answer. Separat-
ing out this effect from.the perceﬁtaged freqﬁency of correct NEC
answers (AC and DA) left a pretest/posttest average increase of
37.8. This increase was attributed to learning when NEC is correct.

Teachers were excited at the beginning, frustrated in the mid-
dle, and felt competent and involved in the project at the end.
They felt the teaching should be less condensed. The majority of
the students reacted positively to most parts of the experimental
unit. However, some thought the unit as a whole was foo repetitive
and boring.

No correlation was found between learning logic through the
experimental unit and standard school achievements as measured by |
the Stanford Achievement Test (SAT). High, average, and low SAT
achievers of the experimental group did not differ significantly
in their pretest to posttest gain scores.

Results of the study call for further investigation of the
value and usefulness of teaching various parts of logic as an

ordinary part of the elementary mathematics curriculum.

-3




Table of Contents

Title : Page
Lists of Diagrams and Tables xii
Chapter 1  THE FROBLEM | 1
Chapter Overview : 1
1.1 General Goals of the Study 2

1.1.1 The role of logical analysis in
general education : 2

1.1.2 The role of logical analysis in mathe-
matics and in mathematics education -6

1.2 Specific Goals ~ Conditional Reasoning 9

1.3 Mathematical Logic Underlying Conditional
Reasoning 11

1.3.1 The language of sentential conditional
logic 11

1.3.2 Conditional sentences and their
negation modes 13

1.3.3 Conditional sentences - their truth
value and English interpretation 13

1.3.4 Sentences equivalent to conditional
sentences 15

1.3.5 Relations between conditional sentences 16

1.3.6 Two valid and two nonvalid rules of

inference 18
1.3.7 Extending the relevant rules of
inference to quantificational logic 21.
1.3.8 Algorithmic solutions to validity
judgments 23
1.4 Psychological Research Underlying Conditional ‘
Reasoning 25
1.4.1 The relations between symbolic logic and
the psychological reasoning process 25
1.4.2 Readiness ' 27

1.4.3 Content effects 30




Table of Contents (continued)

Title Page
1.4.4 Language effects 31
1.4.5 Language attainment 36
1.4.6 Context effects ‘ 38
1.4.7 Negation 39

1.5 Methods Previously Employed in Teaching Logic
and Those of the Present Study 42

1.5.1 Previous. attempts to teach logic or 5
conditional reasoning 43

1.5.2 The present study : 50

1.6 Teachers' and Prospective Teachers!

Conditional Reasoning 51
1.7 Questions Studied | 53
1.7.1 Objectives . 53
1.7.2 Hypothesis tested ' 54

1.7.3 Model for error prediction in

conditional reasoning 55

Chapter 2 THE EXPERIMENTAL UNIT ' 58
Chapter Overview . ' 58

2.1 The Experimental Unit - An Overview 58

2.1.1 Principles of the approach 58

2,1.2 Motivation and final project 64

2.1.3 The first part ' 64

2.1.4 The second part 67

2.1.5 The third part m

2.2 Unit Development - Experimenter'SVWOrk with
Individual Students - 72

2.2.1 Exploratory work 72




Title
2.3
2.4
Chapter 3
3.1

Table of Contents (continued)

2.2.2 Basic lessons learned from the
. exploratory work

Unit Development - Experimenter's Work
with Small Groups ‘

2.3.1 Albany, Spring 1974

2.3.2 Basic lessons learned from this
experiment

2.3.3 Berkeley, Summer 1974

2.3.4 . Basic lessons learned and further
development

2;3.5 Fall 1974, Lawrence Hall of Science

The Pilot Study - Teachers' Conducted Teaching
2.4,1 The sample and how it was secured

2.4,2 Teachers' training

2.4.3 The teaching period

2.4.4 Main lessons learned from the pilot study
THE INSTRUMENT OF MEASUREMENT

Chapter Overview

Development of a Test

3.1.1 Limitations and relations with
previously developed tests

3.1.2 Early versions and revisions

3.1.3 From one test to four equivalent tests
a. Equivalence based on negation modes
b. Equivalence based on logical forms
c. Mixed order by type-mate interchange

d. Transformation by contrapositives

e. Transformation of logical types

10

74

75

75

76
77

78
78
79
79
80
81
82
84
84

84

84
90
95
96
97
98

99

100




Table of Contents (continued)

Title | Page
3.1.4 Field trial of two equivalent versions 101

3.1.5 Final revision L | 104

3.2 The Final Form of the Instrument 107

3.2.1 The two versions v 107

3.2.2 Validity and reliability | iO7

3.2.3 Administration 109

3.2.4 Precautions taken in administration

- of the test - 110
Chapter 4  THE PRINCIPAL STUDY J 112
Chapfer Overview “ 112
4.1 Research Design 112
4.1.1 Lay-out of the design _ 112
4.1.2 Why a quasi-experimental design? 114
4.2 The Sample ' o 115
4.3 Course of the Project | : 117
4.3.1 First contacts 117
4,3.2 The teachers 118
4,3.3 The pre-training workshop 119
4.3.4 The teaching period _ 120
Chapter 5 RESULTS AND THEIR INTERPRETATION 122
Chapter Overview 122
5.1 Pretest Scores | 123

5.1.1 Equivalence of control and
experimental groups 123

5.1.2 Internal consistency .of the test 126

11




‘Table of Contents (continued)

Title ' ' Page
5.2 Posttest Scores . 129
5.3 Pretes?/PostfEEf‘ﬁomparison+\jg\ggggfigfive
Analysis ‘--\‘_\\W;g97
5.3.1 Overall comparison 129
5.3.2 Logical form subtests results 133
5.3.3 The individual's progress 137
5.3.4 Negation mode subtests results 144

5.3.5 A tempting false conclusion about the
effect of negation on conditional

reasoning 147

5.4 Statistical Analysig of the Results 152
5.4.1 Analysis of variance on pretest scores 152
5.4.2 Analysis of variance on gain scores 155

5.5 Did Students Learn Anything Beyond the
Legitimacy of Not Enough Clues as an Answer 160

5.5.1 Analysis of NEC uses by individual
students 160

5.5.2 Analysis of average use of NEC per item 163
5.5.3 Analysis of total NEC uses 165
5.5.4 Analysis of right and wrong Yes/No

answers with respect to hypothesized

model for error prediction 168

5.6 Standard School Achievement and Sex Differences
with Respect to the Results of the Present Study 175

5.6.1 Non-correlation with S.A.T. and with sex 175

5.6.2 High, average, and low S.A.T. achievers'

performance in the present study 177
5.7 Attitudes - 179
5.7.1 Students' attitudes | | 179

5.7.2 Teachers' reactions i ; 183




Title

Chapter 6

6.2.

Table of Contentg/(continued)
/

SUMMARY AND CONCLUSIONS .
Chapter Overview

Summary of Findings

6.1.1 Summary of objectives

6.1.2 Summary of development and design
6.1.3 Summary of results

Relaticn to Previous Studies and Suggestions
for Further Investigation

6.2.1 Test scores and their. varlous
interpretations

- 6.2.2 Negation in the conditional premise

Chapter 7

7.1

7.2

7.3a
7.3b
7.4a

7.4b

.:7.4c

- 7.5

BIBLIOGRAPHY

-;

6.2.3 Imﬁlementation problem=

6.2.4 Levels of regular school achlevements
and socio-economic class ‘

6.2.5 Content effects
6.2,6 More doubts about the present study
APPENDICES |

Final Version of the Experimental Unit -

Teachers' Manual and Answered Students' Y

Worksheets

Final Version of thé Test

Test Versions Used in Pilot Study
Item Profiles fdr T,

Students' Attitude Questionnaire

Teacher's Overall Evaluation of*Experimental
Unit in Conditional Reasoning

Teacher's Evaluation of Activities

A Session by Session Account of the
Pretraining Workshop

13

Page
187

187

187

187
188

190
195

195
197

198

200 |
201
202

205

205
321
360
380

382

383

389

392

395




Diagram

Diagram
Diagran
Diagram,
Diagram

Diagram

.

Diagram

Diagram

Diagram

Diagram

Diagram

Diagram

Diagram

List of Didgrams

Relations between pairs.of conditional
sentences '

A sample of the Pictorial Activity

A sample of the Domino Activity

A sample chart for a Playing Card Activity
Research design

Distribution polygon of pretest and posttest
total score '

Control group distribution of pretest and
posttest scores on the logical form subtests

Experimental group distribution of pretest and
posttest scores on the logical form subtests

Control group distribution of pretest and
posttest scores on the negation modes subtests

Experimental group distribution of" pretest and.
posttest scores on the negation modes subtests

Experimental group distribution of gain scores
for the four logical forms subtests

Control group distribution of gain scores
for the four logical forms subtests

Ranges of yes/no right answers on the decidabie

- part of the test and of yes/no wrong answers

on the undecidable part of the test

17
66
68
70

113
132
135
136
145
146
156

157

173

xii




Table
Table
Table

Table

Table

Table

Table
Table
Table
Table

Table

Table

Table

Table

Table

Table

Table

Table

1.1

1,2

1.3

1.4

1.5

3.1

3.2

3.3

3.4

5.2

5.4

5.5

5.6

List of Tables

Truth Value of Conditional Sentances

- Rules of Inference and Their Validity

Rules of Inference Extended-

Algorithmic Solution to Relevant Problems
of This Study

Expected Errors in Conditional Reasoning

Percentage of Pilot Study Subjects in
CTBS Levels

Pilot Study Mean Scores by Test Versions Order
Fin?IfRevision of the Test

Test Item Numbers by.f&pe

Basic Data on the Sample-

Stanford Achievement Test Scores for
Experimental and Control Classes

~Basic Data on the Teachers

Experimental vs. Control Groups Pretest:and
Stanford Achievement Test (S.A.T.,) Percentaged
Mean Score

Percentages of Experimental and Control Group
Students Selecting Each Answer for the Various
Pretest Items

Test Item Profiles Based on Pretest Results of
210 Part1c1pat1ng Students

Percentages of Experimental and Control Group
Students Per Answer for Each Posttest Item

Distribution of Pretest and Posttest Overall
Test Scores for the Experimental and
Control Groups

Percentages of Students in the Experiﬁéntal and
Gontrol Groups Having Various Scores on Logical
Form Subtests in the Pretest and the Posttest

1_:>

24

26

56

102
103

104

108 .

116

117

119

124

125
127

130

131

133

xiiie




Table

Table

Table

N

Table
Table

Table
Table

Table

Table

Table

Table
" Table

Table
- Table

Table

5.7

5.8
5.9

5.10
5.11

5.12

5.13
5.14

5.15

5.16

5.17
5.18

5.19

5.20

5.21

List of Tabies {continued)

Distribution of Pretest versus Posttest
Performance Levels on Each Logical Form Subtest

Distribution of Experimental Group Pretest
versus Posttest Performance Levels on all
Undecidable Items (AC, DA)

Percentages of Students in the Experimental and
Control Groups Having Various Scores on
Negation Mode Subtests

Total Agreement and Complete Disagreement Among
Hypothesized Raters on Rank Order of Hypothetical
Ratees

Rank Order of Increasing Difficulty of
(i) Logical Forms within Negation Modes and
(ii) Negation Modes within Logical Forms

Analysis of Variance on Pretest Scores

Class Means and Standard Deviations for'Pretest,
Posttest, and Gain Scores

Analysis of Variance on Pretest to Posttest
Gain Scores

Distribution of the Difference between
Individual Gains on Right Uses of NEC and
Wrong Uses of NEC - Experimental Group

Percent of Students Giving the Answer NEC Per
“Item (Averaged) in Each Logical Form Subtest

Observed Number of Right and Wrong Uses of the
Answer ''Not Enough Clues" by Experimental Group
Students (n+104)

Expected Additional Posttest Wrong Uses of NEC

Based upon Various Assumptions on the Portion
Due Only to Legitimization of that Answer

Item Profiles for Experimental Group Pretest and
Posttest (n=104) .

Range of Yes/No Right Answers on MP and MT and

"Expected Wrong Answers on AC and DA

Average Number of Wrong Answers Per Item in
MP and MT

Page

138

143

144

148

150 -

152

154

158

161

163
165

168
170

172

Xiv




Table 5.22

Table 5.23

Table 5.24

Table 5,25

Table 6.1

-List of Tables (continued)

Correlation Coefficients Between Sex, Stanford
Achievement Test Subtests, and Pretest, Posttest

and Gain Scores of the Present Study 176
Pretest, Posttest, and Gain Score Means for
Subgroups of the Experimental Group (n=104) by

Levels of Achievement on Stanford

Achievement Test . _ P 178
Number of Experimenfal Group Students Who

Indicated They Liked Each Activity B © 179
Attitude of Experimental Group Students

by Volunteering to Go on Learning Logic :
after the Posttest 181

Order of Number of Correct Responses for Negation
Modes within Logical Forms in O'Brien's (1972)

Study and in the Pretest for the Experimental

Group (n=104) of the Present Study - 198

17

XV




CHAPTER 1

THE PROBLEM

Chapter Overview

%

This chapter presen§§.fﬁelépecific questions that motivated
the study. These qﬁestions can be approached in two ways: from
the top down or from the bottom up.

Starting from the top, the generél need for schodl training
in lbgical analysis, the research problems center on young stu-
dentsrlearning‘the logic of conditional reasoning. A discussion
of the significaﬁce of conditional reasoning to both geﬁeral énd
mathematics education appear in sectibns 1.1 ard 1.2.

Starting from the bottom, the earlier studies of logical
thinking, the research problemé are derived fromAliterature that
indicates the need for effective training in this area for both
children and teachers. Those parts of mathematical logic under-

lying inferences from conditional statements, along with a

detailed survey of the literature on psychological research in

conditional reasoning, are given in sections 1.3 and 1.4.

While these studies illustrate the present state of affairs,
they fail to deal with the capability of young children to pro-
gress through ; proper teaching program. Some experimenters and
psychologists have speculated on this quéstion aﬁa a few attempts
have been made to feéch logic in the elementary school. The
description of this study's teaching approach is compared to

previous approaches in section 1.5.

18




The research questions and hypotheses tested are stated in
section 1.7 after a discussion of teachers' conditional reasoning

ability in section 1.6.

1,1 General Goals of the Study

1.1.1 The role of logical analysis in general education. One

important and well recognized goal of any educational system, is
an intellectual independence on the part of its graduates. A
major obstacle to intellectual independence is the acceptance of
hypotheses without giving them critical thought, testing them
against alternatives, or checking their consistency with known
facts_-- in general, without considering them critically. In fact,
one cannot be intellectually independent without being able to
judge critically one's own and othérs' deeds and sayings. This is
particularly true in the scientific domain. The history of science
and mathematics shuws several cases where arguments were mistakenly
accepted because a valid aiternative was overlooked. In everyday
life too, there are many examplés where carelessly drawn conclu-
sions lead to a decision that later on proves to be wroﬁg. Had
the conclusions been double checked foi their validity, the wrong .
decision and possible disappointment could hgve,bpen avoided.
0O'Brien, whose resgarch influenced thiSfpresen£/$£udy, stated:
"One aspect of critical thinking is the ability to tegt the
logical validity of an argument, an important ability in
everyday life when arguments such as 'Communists favor U.S.
withdrawal from Viet Nam, Bill favors U.S. withdrawal

from Viet Nam. Therefore Bill is a Communist' are widely
accepted as valid." (O'Brien et al. 1971).

Independence in thinking, in short, requires the ability and

the knowledge of proof-finding. Because a deductive proof is,

19




by definition, a seqﬁence of iﬁféreﬁceé made by the rules of
logic from previously established facts (theorems), or accepted
basic assumptions (axioms), mastery of the basic rules of logic,
which enter any proof-finding activity must be a part of the
repertoire of any intellectually indeﬁendent persén. The examina-
tion of how such a mastery is accomplished is basic to this stﬁdy.
Is logical anaiysis a learned ability or a developmental one?
Does logic emerge.5pontaneously and achieve its highest degree
through the process of growth? Or, does it take a deliberate
intervention to improve on itg, Can we afford to wait for the
appearance of logic in the sahe way we wait for the appearance of
permanent teeth? Différenf psychologists answer these questions
in different ways. B

O'Brien and éhapiro (1968) used Hill's (1961) "yes/no'' test,
modified to a "yés/ﬁo/not-enough-clues" test, to study students'
ability to discriminate betwéenra hecessary conclusion and one
that does not ne?essarily follow from the premises. When childreﬁ
six to eight ye%rs of age were called hpon to test the logical
necessity of a éonclusion, they experienced great difficulty.
They were rarel% able td perform above the chance level when no
logically neces#ary conclusion exjsted. Furtﬁer, growth in this
ability ovér thT three-year span studied was negligible.

in a laterjstudy (1970), O'Brien tested a sample of upper-
middle-c}ass ch%ldren ages six through thirteen in Ohio{ He
Fand, in accor&ance with Hill, that in recognizing logical neces-
sity, i.e., in the ability to apply 'Modus Ponendo .Ponens' and

'"Modus Tollendo Tollens,' subjects had little difficulty, this

20




ability levéling off at six to eight years of age. However, in
testing for logical necessity, i.e., avoiding the fallacies Kknown
as 'Affirming the Consequent' and 'Denying the Antecedent,' stu-
dents exhibited considerable difficulty”. Althdugh there was
imprerment in test scores over the eight year period, there was
no evidence of any leveling off. It becomes apparent from O'Brien
and Shapiro's studies that about 75 percent of middle-class
elementary-school children consistently misinterpret 'if-then' as
;if-énd-only-if,' and as a result, draw invalid conclusions. This
misinterpretation was still found to be widespread at the college
level and, in a few cases, even in the face of a college-level
course in logic (0'Brien 1973).** Chen's cross-aég study (1975)
indicated that regardless of their ability to recognize that cer-
tain concluéions do not follow from the premises, students of
various ages seldom manifest this ability. His subjects rarely
baseq their decisions in scientific, social, and judicial problems
on carcful analysis of thé‘information given unless,they(were
specifically called upon to do so. A speculative synthesis of tﬁe
data, rather than logical analysis, was found to be the most com-
mon response in fifth grade as well as in eighth and eleventh
grades.

Afhe fact that O{Bfien's university students and Chen's senior-

high-school students did not consistently apply the rules of logic

*For a broader discussion of the rules of inference mentioned,
refer to section 1.3.6 page 18 or to table 1,2 page 20.

**For further discussion of patterns of wrong inferences see sec-
tions 1.3.6 (page 21) and 1.7.3 (page 55). See also comments on
Fnglish interpretations of conditional sentences at the end of
section 1.3.3 (page 14).
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in a variety of contexts; indicates on one hand that logic is not
a pure developmental phenomenon; at least logig's full development
and habitual use are not reached through growth alone. On the
other hand, existing school curricula are not providing effective
training in logic. Moreover, Eisenberg #nd McGinty (1974) found
that in some specific fbrms of sentential logic "matuiation - and,
unseparably, education - seem to have a negative effect on one's
ability."

Some psychological studies consider the inflgence of differ-
ential training on the number of»correct conclusions drawn by
collegé-level students in syllogisf}c reasoning (W;son 1964;
Johnson 1966; Pezzoli and Fraze i968). These studies found that
such training reduced the number of incorrect answers given by
college students. Is there an effective way to train younger
students in proper logical reasoning? ' L

Suppes (1965) took a pure syntactical approach in his one-of-
a-kind study of very young children's proof-construction behavior.
He devised a content-free task, in which he gave first graders
strings of 0's and 1's printed on cards, and asked them to repro-
duce a string using four reproducing rules (serving as means of
inference) and the symbol 1 as a starting point (serving as the
simple single axiom). Subjects were divided into two groups. In
the ''correction group," subjects were corrected for eﬁch wrong
step in each proof; in ghe other group, subjects were stopped only
when a valid proof was not‘cdmpleted in three times the length of
a shortest proof. The correction group was thc more successful

group; the intervention seemed to speed up the learning process.
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A one-shot training in a content-free task is too artificial
to be considered ggr application as part of a school curriculum.
To learn anything about children's potential for realistic deduc-
tive reasoning, one must involve them in an autonomous, continuous
undertaking of deductions involving meaningful content. Children
must be allowed to have the 6pportunity not only to exhibit what
they are able to do; but also to exhibit what they are capable of
achieving through systematic learniﬁg. Exhibiting deductive rea-
soning through the finding of pfoofs requires the abiiity to point
out which premises imply a given conclusion and by which rule of
logic. This ability in turn presupposes the ability to draw
valid conclusions and to avoid fallacies. Systematic introduction
of young children to valid and invalid rules of inference was a

major goal of this study.

1.1.2 The role of loéical analysis in mathematics and in mathe-

matics education. The logic of implication is widely regarded as
being at the heart of mathematics, becaqse impliéations are the
links that hold mathematical ideas together.through axipmatic
methods. Every mathematician spends a considerable part of his
time following proofs established by colleagues and looking for
valid, clear, elegant proofs for his own mathematical conjectures,
This is so because pfoofs, based on the logic of implication,
function in mathematics as a decisive means of persuasion of the
.ruth of a given statement, 1If one of the reasons mathematics is
téught in schobl is to make children understand how mathematics
functions as a part of human culture, the notion of a proof, com-

Aposed of a sequence of small deductive steps, should be presented
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. at least on the ‘'same level of importance as the other strands of
mathematical activity, such as computation aﬁd application.

While mathematical studies involve the interrelation of sev-
eral types of activities -- computation, applicatibn, abstraction,
and deduction -- traditionally, K-12 mathematics curriculum has
been almost entirely restricted to building varioﬁs kinds of com-
putational techniques, with a limited amount of application.
Deduction has been almost entirely neglected except in high-school
geometry. - Most high-school mathematics teachers share the experi-
ence ‘that students, when first introduced to deduction through
proof-finding activity in geometry, encounter tremendous diffi-
culties in understanding the need for a proof and in grasping the
concept of a valid proof. One reason for this might be a lack of
sufficient earlier preparation that would gradually and continu-
ously train students in finding proofs.

The math curriculum reform of the 1960;5 attempted to explain
elementary computationél algorithms by calling attendidn to

structural elements of the underlying number system. This oppor-

tunity for introducing young pupils to deductive mathematics was
largely wasted, at least at the elementary level, through an .
inability of most elementary teachers to deal with the level of
deduction needed. Consequently, facts about structure were simply
committed to memory, the same way computation facts werc previously
handled, | |
Problem-solving activities in school mathematics also fail to
take advantage of the occasions for deductions inherent in these

activities. They arc focused, at all levels, on finding a correct
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solution rather than justifying the process by which the solution
is found. The student is required to work on a problem toward a
solution. Rarely is he asked to find out or explain why his
methods are.correct. Here is a typical example froh a fourth
grade modern math book: 'What are “he elements of the intersec-
tion of A = {1,2,3,4,5} and B = {1,3,5,7,9}?" As soon as the
student comes up with AB = {1,3,5} as a solution, he turns to a
new problem. Questions like 'Why did you put 1 there?", '"ithy
didn't you put 2 there?'', "Is your set the only possible solu-
tion?", "Why?" are almost always omitted, Shéuldn't a student be
able, and be expected, to verify such an aﬁswer, parficularly if

this verification could be accomplished by simply referring back

‘to the definition (most often a conditional sentence) given a few

rows above thé problem solvedé Affer all, it is only through
deductive éfgument that oneican claim thét the premises provide
conclusive evidence fbr the conclusion.

In today's math textboods fhere are a few such natural oppor-
tunities for simple dedﬁctions, yet they are rarely emphasized.
The teachers seem to overlook them altogether or regard them as
having minor importance. There is a lack of concerted effort to

improve the reasoning ability of elementary school children and

‘accelerate the processes of change and development that occur

during the first six school years.:

Based on the recognition that deduction plays a very important
role in mathematics, and on the desife to infroduce children to
logical analysis fo aid them in their general education, the pre-

sent study was designed to enrich the schcol mathematics curricu-

" 1lum in order to redress the distorted view of mathematics created
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by the current imbalanced emphasis on computational rules. The
goal of this study was threefold: to devise a unit containing a

significant deductive component comprised of problems that are

suéceptible to solution by inferential technizues; to have teachers
implement it; and to evaluate that unit by measuring the induced
change in legrﬁers' ability to apply valid rules of infereﬁce

and to avoidrfallacies.' As Kyrgowka (1971) pointed out,

"the essential problem is to work out educational ap-
proaches to (a) initiation of the pupil into the process

of active axiomatic thinking (axiomatization, deduction,
interpretation) adapted to the level of his intelligence
and the content of the curriculum; (b) the formation in

the pupil's mind of a concept which, although not yet
formalized, would nevertheless correspond in its essentials
to the modern axiomatic concept.”

1.2 Specific Goals - Conditional Reasoning

Mathematics is developed by inferences made from axioms,
theorems, and definitions. Eveiy theorem in any mathematical -'h-
ject is, in effect, a conditional sentence; any definition is a

biconditional one. Knowing how to make valid inferences from con-

ditional statements and how to avoid fallacious reasoning from
these statements is therefore essentiéi for any cénsistent develop-
ment of mathématics. |

The present study attempts to contribute to the gchievement
ot previougiy discussed general goals, i.e., education that leads
to ;nteliectual independence and integrative school mathematics

curricula, by developing a unit that will enable students to apply

to conditional statements two valid rules of inference, 'Modus
Ponendo Ponens' and 'Modus Tollendo Tollens,' and to avoid two

. I
fallacious rules of inference, 'Affirming the Consequent' and
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'Denying the Antecedent;'*

The seléctién of these four rules was supported by previous
studies that provided data about the development of the ability.to
apply the two valid rules, and offered explanations for errors
usually committed when the two nonvalid.fules were incorrec%ly
applied, ‘ o

Hill (1961) had 100 items in her test, of which 51 inéluded
conditional premises of sentential logic. She rank-ordéred;the
‘difficultylof eéch logical form by average number of erfqrs per
test item, _In‘rénks ilto il, there are 18 items of which 13 are
from these 51 items, an additional 2 belong to sentential logic
but do not have conditional premises, and only 3 are non-conditional
items (of quantificationél logic). These findings too justify
special attention to reasoning with conditional premises,

Robert Kane (1975) discussed the proof-making task as a com-
plex-terminal bghavior. Associated with this task is a set of
prerequisite or subsidiary behavior. He favors approaching the
teaching of proof'construction by systematically teaching the pre-
requisites one by one, and then combining one with another. Kane
was unable to‘offer a hierarchy of prerequisites, - Nevertheless,
he discussed bits and pieces of its structure. Among those he
mzntioned:

"Give examples of the use of Modus-Ponens; Give e#amples

of converse of implications; Use the fact that (-q > -p)

> (p > q) to set up a strategy for proof by contrapositive;

«++; show by a counter example that P> qand q > p are not
equivalent." e

*Specification of the underlying logic .is given in section 1.3,
page 11, : :
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These prerequisites, which Kane, like most mathematicians, con-
siders essential to the learning of proof-finding, are-closely.
related to conditional reasoﬂing, and support the need for a unit
of school ingtruction on the rules of inference with which the

present study was concerned, - »

1.3 Mathematical Logic Underlying Conditional Reasoning *

In this section the mathematical model of the patterns of
deduction relevant to the present study, as well és related con-
cepts of symbolic logic, are laid out invdétail. It ié intended
for the non-professional logician. For whoever may wish to skip
the details; a brief summary is given in tables 1.1 (page 14), 1.2
(page 20), 1.3 (page 24), and 1.4 (page 26). A more elementary

accoqnt'can also be found in Appendix 7.1 (page. 209).

. 1.3.1 The language of sentential conditional logic. Let P;»9;
i=1,2,3... be symbols for distinct senténces.‘ Let "= béxfﬁg
negation symbol, interpreted in English as '"not," and let "-»"
be the conditional symbol, interpreted in English as “Uif...then...".
We assume that none of these symbols is a finite sequence of the
other symbols. In- particular the previous statement means that no
sentence symbol is a combination of any other sentence (or otherj
symbols e.g., p; # -p, and p1y # q7 > Ps3.

Any finite sequence of the above syﬁbol§_is a formula., Among
all possible formulas we sinéle out,thef"grammatically correct"

ones by specifying what a well formed formula is:

(i) Every sentence symbol is a wff (well formed formula).

‘These wffs will be referred to as atomic wffs.
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(ii) 1If a,b are wffs; *then -a (not a); a » b (if a; then -

b), are wffs.

(iii) No other formula is a wff.

One should bear in mind that the purpose of this discussion is to
build an abstpact model of the logic of conditional reasoning as
expressed in English. The wffs then are abstract objects inter-
preted into English as simple declarative sentences, their nega-
tives, or conditional sentenées, built up from the declarative
sentences,” |

For example: Let p stand for: "Mary is sick," -p will then
be "Mary is not sick." Let q sfand for."Mafy goeg to school,"

-q will then be 'Mary does not go to school." We can now obtain

S

‘sixteen new grammatically correct sentences by introducing the

if...then..., connective to tie any two of these sentences into a
conditional sentence. For\example: p *~ q, which means "If Mary

is sick, then Mary goes to school," is a grammatically correct

‘sentence even though it does not make too much sense. Also;

=P * -p, which means "If Mary is not sick, then Mary is not sick,"
is all right from the grammatical point of view even though it
does not reveal any new information. The'proceSs of building up

new wffs from.ones previously obtained may go on and on and take

an infinite number of paths. Some wffs will make more sense than

others in certain English interpretations. However, it is not the.

content meaning that symbolic logic depicts but rather the gram-

*For a complete account of.the language of sentential logic see
Church, 1956, chapter 2, :
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matical structure of the language., Logic is the study of content-

“independent language forms that constitute valid arguments;

1.3.2 Conditional sentences and their negation modes.

This study considers only cohditional wffs with one océurrence
of the conditional connective, and with, at most, one occurrence
of negation on each side of the conditional. In other words;
sentences such as the following wili not be considered, even though
formally they are wffs and whatever Qill be said holds for them
also: "If, 'If Mary is sick then she does-not go to school,’ then
'If Mary goes to school then she is not sick, '

Back to the simpie case. A simple conditional sentence” may

assume one of the following four negation rmiodes, depending on the

location of.negations: P>q;p~*-q; -p > q; -p > -q. These
mcdes will be denoted by ++; +-; -+; --; respectively. E.g., the
first example given in section 1.3.1 is‘in ++ negation mode, and
the second one is in -- negation mode; a > b will denote a simple
conditional sentence in any negation mode, where a,b may be either
atohic wffs QZ.tHeir negations,

Any conditional sentence a + b can be partitioned-info two
parts. The first part, a, is called the ante;edent, the second

part, b, is called the consequent,

1.3.3% Conditional sentences - their truth value and English

interpretation, Considering interpretations of a given'wff in

ordinary English, any interpretation of a sentential wff will be

*The words "sentence" and "wff" are used interchangeably, and not -

in the sense of a formula with no free variable.
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'~ either a true (declarative) sentence or a false one. The truth or

falsity of a conditional sentence depends on the truth or falsity

of its antecedent and consequent in the following way:

Table 1,1 Truth Value of Conditional Sentgnces
(T = true, F = false)

If the truth values of then thé truth value of
a,b are: a-—+>bis:
a b a-+b
T T T
T F F
F T ST
F F T

This truth table is justified mainly because the only case that
contradicts a - b is when a holds but b does not;‘any other com-
bination of truth values for a and b doeé not disprove a -~ b and,
iherefore, does not pfeVent a > b'from being a true assertion,
Althbugh this truth-value analysis does not represent the full
éomplexity of use of "if...then..." in idiomatic English, it de--
scribes fully and precisely the use in mathematical language.
(For more details see Quine, 1951, page 14).

"~ As Suppes (1957) . points out, several other idioms in Engllsh
have approximately the same systematic meaning as "if...then...".
For example a > b also means: a only if b; b if a; b provided that
a; a is a sufficient condition fof b (the occurrence of the ante-
cedent suffices to guarantee the.occurrence of the consequént);

b is a necessary condition for a (witﬂout the consequent occurring,

the antecedent does not occur). It is a common "mistake" to use

b
"if" in the sense .of "only if" and vice versa. For example when a

t
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mother éays to a child in the morning: If it.rains after school,
call me to pick you up"“shé probably means "..;stherwige you should
walk home." Invdther wor&s, she used "if it raiﬁs etc,'" to mean
"only if it‘}ains etc." Also, many times changing the eXpression
from the "if,..then..." style to the "only if" stylé makes much
_more sense, pafticularly when the content implies causality. For
example: "If it raihs~tomorrow, then it will be cloudy tomorrow"
makes less sense than the equivalent exﬁression: "Only if it is
cloudy, will it be rainy tomorrow." This is because one usually

does not look for clouds when it rains, but one does look for a

clear sky (i.e., not cloudy), to make sure it will not rain.

1.3.4 Sentences equivalent to conditional sentences. Two senten-

ces are said to be tautdlogically equivalent if and only if they
Have the same truth table. As-can be checked by referencé to the
truth tables of the sentential connecfives "and,'" "or," '"not"
(denoted “; v, -, respectively) to be found in any introductory
logic textbook (e.g., Men&elson, 1964), each of the following

sentences is tautologically equivalent to any of the others:

(i) a-~+b
(ii) =-(a ~ -b)
(iii) -a+ b
(iv) (a*b) v (-a ~b) v (~a ~ -b).
To give one example for each:

(1) If it is 9:00 a.m., then the bell rings.”

*This example includes a free variable, "it," and in fact its
analysis falls- in the category of first order logic. See section
1,3.7, page 21. )
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(ii) 1t never happens that at 9:00 a.m. the bell does ‘not
ring. |

(iii) ﬁither it is n6£ 9:00 a.m. or the bell rings.

(iv) Either it is 9:00 a.m. and the bell rings, or it is
not 9:00 a.m. and fﬂe bell. rings, or it is ‘not 9:00
a.m. and the bell does not ring. (The fourth aiter-

native is eliminated by (ii).)

1.3.5 Relations betweed conditional sentences, Two conditional

sentences in which the antecedent and the consequent are inter-
- changed are said to be converse to each other. For example ‘the
‘sentence "If Mary is sick, then Méry does not go to school" and
the sentence "If Mary does not go to schooi, then she is sick,"
are converse to each other. Notice that in this example the firgt
one is in the +- negation mode, and the second is in the -+
negation mode, because the two parts were interchanged. The con-
verse of a *++ sentence will remain a ++ sentence, and similarly
for a -- sentence. Notice also that a conditionai sentence and
its éonverse do not reveal the same informatibn. In the above
example even if the first sentence is true, the second one does
not have to be true, and it certainly does not follow from the
first one.

There are other relations between pairs of conditional sen-

tences. The structural connections are illustrated in.the follow-

ing diagrams:
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Diagram 1.1 Relations between pairs of conditional sentences

Qb contrapositive b -a
o o
:
4 5
| :
o o
contrapositive E
b > a P -a -+ =b:

For example:

L

If Mary is sick (a),

then Mary does not go to school (b).

converse

.contrapositive --—--__nl

If Mary goes to school (-b),

then Mary is not sick (-a).

converse.

17

If Mary is not sick (-a),

If Mary does not go to school (b), .
then Mary goes to .school (b).

then Mary is sick (a).

contrapositive

Notice that because, in this example, b includes a negatioﬁ, -b
does not, for in English a double negation is replaced by a posi-
tive expression. Again we have a = b in +- negation mode, and
therefore its converse and inverse are in -+ mode and its céntra-
positive is back in +- mode.

. From a given conditional sentence a + b, its contrapositive,

-b + -a, follows. In fact, two contrapositive sentences are

logically equivalent. They express identical content and hence
they are both either true at the same time or false at the same

time, but never of opposite truth value.
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1,3.6 Two valid and two nonvalid rules of inference. A valid rule

of inference enables one to dedﬁce from given premises a new sen-
tence,'regardless of the truth or falsity of the premises. The
conclusion will certainly be true if the premises are true. Non-
valid reasoning pfocess may sometimes yield true conclusions, but
ofteh it yields false ones, even from true premises.

The fundamental rule of inference is called Modus Ponendo

Ponens (or the law of detachment)'abbreviated,és MP. It is the

rule by which one infers b from the pair of sentences: a, a -+ b,
where a,b are wffs as mentioned in section 1.3.1.
Similar to MP is the rule of inference known by the Latin

name Modus Tollendo Tollens abbreviated as MI. It allows the deri-

vation of -a from the pair of sentences: -b, a -+ b. This rule
is sometimes referred to as the law of the contraposi£ive.

The following are two examples intéhded to illustrate the .
validity of ;onclusions drawn by applying the above rules .of
inference. (The use of nonsensical terms is taken from Enderton
1972; the terms themselves are from the ciassic poem by Lewis

Carroll,)

From: If (a) it is brillig, then (b) borogoves are mimsy.

and from: (a) It is brillig.

Conclude by MP that: (b) borogoves are mimsy.

Note that we can make this inference without the slightest
idea of what a mimsy borogove is. Similarly,

from: If (a) it is brillig, then (b) borogoves are mimsy.

and‘f{om: (-b) Borogoves are not mimsy,

€onclude by MT that: (-a) it is not brillig.
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Because if it Qas brillig, then by the first premise borogoves
would have been mimsy -- which then would contradict the second

premise. Such a contradiction is unbearable by the law of ex-

" cluded middle. (For a discussion of the principles of proof by

contradiction see Suppes, 1957, page 38.)
A second look at the two rules MP, MT will reveal that they
are both patterns of inferences from a conditional sentence a + b

and one other sentence -- either an affirmation of its antecedent

in the case of MP (which yields an affirmation of the consequent),

or, in the MT case, a denial of its consequent -b, (which yields

the denial of the antecedent.)
Suppose now the premises are a conditional sentence (a -+ b)

and an affirmation of its consequent (b). Then it would be non-

valid to infer either the affirmation of the antecedent (a) or

its denial (-a). If an inference like that is made it is called

the fallacy -of Affirming the Consequent, denoted by AC.
Similarly, it is nonvalid to infer either the denial (-b) of

the consequent or the consequent (b) itself from a conditional

sentence (a + b) together with the denial of its antecedent (-a).

Doing either is referred to in logic as applying;the fallacious
rule called Denving the Antecedent, denoted DA, Table i.Z‘Sum_
marizes the rules (page 20).

It should be noted that if onc mistakenly takes a + b to
imply its converse b - a, then affirmation of the consequent (b)
turns,out'to be an affirmation of the antecedent (of the converse).
Thus the nonvalid derivation of a in this case may be explained by
application of the valid MP to the converse conditional scntence

assumed mistakenly to hold., Similarly, the fallacious derivation
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Table 1.2 Rules of Inference and their Validity

Conclu- [Name of Tule |y 144,
Premises sion(s) ?:ggggsigzgg) Nonvalid Example
If (a) Jane is Jack's sisd.
' ter, then (b) she* lives
a+b Modus s on Washington St.
1. a b Ponendo valid (a) Jane is Jack's sister
Ponens (MP) *
< Jane lives on Washington
‘St. (b). '
If (a) Jane is Jack's sis-
Mod ter, then (b) she lives on
a-+b ocus . Washlngton St.
2. b -a Tollendo valid b d 13
- Tollens (MT) (-b) Jane does not live on
Washington St. .
& Jane is not Jack's sis-
ter (-a).
If (a) Jane is Jack's sis-
ter, then (b) she lives on
.- Washington St.
+b Affirming the . . .
3. {; a, -a Con;equeﬁt“ nonvalid éb) g:ne lives on Washing
& Jane may or may not be
Jack's sister.
If (a) Jane is Jack's sis-
ter, then (b) she lives on
asb Denying the Washington St.
4. {-a b, -b |Antecedent nonvalid{(-a) Jane is not Jack's
(DA) sister.
. Jane may or may not live
on Washington St. '

The word "she'" is in fact not a free variable in the sentence b
ecause in the natural use it refers to Jane.
onclusion her name appears.

For further discussion see note on

This is why in the

free variables in section 1.3.7.

of not-b from the pair: a - b and not-a, may be explained as an
application of MT to the converse b + a and not-a (or the applica-
tion of MP to the inverse not-a - not-b), which then will validly

yield not-b. This tendency to consider the converse (or the in-
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verse) in place of a given conditional and to draw a definite
conclusion (thus committing anlAC'or DA error) is systematic in
most cases, and explains another name common to these two falla-
cies: "Assuming the converse " - for AC; .nd "assuming the

. *
inverse'" - for DA,

1.3.7 Extending the relevant rules of inference to quaﬁtificé-

tional logic. Sentential logic’isia very limited model of deduc-

tive reasoning. There are many examples of intuitively correct
‘deductions thatAcanhotvbe adequately mirrored in that model. The
case most relévant to this study is exemplifigd by fhe following:
"If a positive integer has more than two divisors, then it is not
a prime number., 26 is a positive integer which has more than two
divisors. Therefore 26 is not a prime number." vaén though this
deduction very closely resembles the MP pattern of inference, in
fact it is not a pure application of MP. First\of all, the second
given sentence‘is not exactly the antecedent of -the given condi-
tional sentence, but is rather an inst?nfiation of the antecedent.
Second, the conditional sentence itsel% is.not really one that can
be represented by a wff in sentential logic, because it refers to
an arbitrary (unspecified) number. Its antecedent "a positive
—integer has more than two divisors," is not really a sentence and
does not have a well-defined truth value. The antecedent is

neither a true nor a false assertion since the expression '"a posi-
AN

tive integer'" allows for a wide range of humbers, some of which

*For further discussion of errors in conditional reasoning see
section 1.7,3; also sce Stabler, 1953, page 73.
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.have mofe than two divisors, others exactly two, still otheré
fewer than two. Therefore no wff of sentential logic can take the
antecedent as an interpretation.

"A positive integer" is an example of a free variable, i.e.,
a vériable which is uncontrolled by a quantifier. To remedy the
antgcedent of the above conditional sentenée‘one could say, for
example: "There exists a positive integer which has moré than two
divisors." The preceding is a true sentence.- Or, one could say:
"All positiVe integers havé more than two divisors," which is a
false sentence. But these remediations change the assertion
expressed in the conditional sentence. The cgnditional sentence
"if a positive integer has more than two divisors, then it is not
a prime'" says in fact: '"For all x, if x is a positive number
with more than two divisors, then x is nbt a prime." As such it

belongs to first-order (or predicated, or quantificational) logic.

In this modified sentence X is no longerna free variable becaﬁse

it is controlled by the quantifier "for all." The trutﬁfo;;falsity

of such a conditibnal sentence is no longér determinedvéy the truth
H ' .

or falsity of its antecedent and its consequent alone but rather

by a éheck of all possible interpretations of this sentehce,

namely by puﬁt?ng every positive integer to the tests of hé&ing

more than two.divisors, and.of being a prime. Because no positive

integer thaé has more than two divisors is a prime, this sentence

is true, and the deduction with the number 26 based on this sen-

tence is valid,

Expressions of natural English many times are inaccurat: in

"the’ sense exhibited in the above example; namely they seem to
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include a free variable But in fact there is arliimplicit quanti-
fier controlling it, which is not éxplicit1Y mentioned._ This, in
fact, happened in our example twiée; once in the antecedent as
discussed, and agaln in the consequent when the word ''it" was used.

In this study, examples like the above appear very often, and

~.

usually they are not distinguished from pure sentential ones., For
the sake of precision, counterparts of the sentential inferential

forms MP, MT, AC, and DA are given in table 1.3, page 24.

1,3.8 Aigorithmic solutions to validity judgments, In this study

the learner in most cases was confronted with a situation, was

. given an inference drawn from premises based upon that situation,

"fand was asked to judge its validity. This judgment was based on

reasoning within the context in which the deduction was made.
Aiguments always require inference from the premises' meaning
(semantics);

For example,*a device witﬁ eight'switches, each tﬁrning on
and off oﬁe of eight possible ébmbinations of three colored light
bulbs, was givén to a group of students to p1ay with. After a
while'Stud;nts expressed facts about: the switch board such as:

"If switch number 1 is pushed, then tﬁe yellow light is on." The
board was fhen covered, Teacher pushed a switch and uncovered the

yellow bulb dnly. Suppose it was on. Teacher would:then ask:

"Did I push switch number 1?" The right answer is "you may or

| may not have done so because switch 1 is one of many switches that

turn on the yellow light (possibly with other lights)." ‘This

*For more examples see section 2.1 (page‘58) and appendix 7.1.

40

23




Table 1.3 Rules of “nference Extended

X denotes a variable; a,b are one-place predicate symbols,
t is a constant: symbol, and "¥'" means for all.*

Premises

Conclusion

Rule of
Inference

Example

{tha(x3+b(x)]
a(t)

B(t)
valid

MP

-|much football,

If [a(x)] someone plays too
then [b(x)] he
does not do enough homework ,**
John plays too much- football
[a(t)].

& John does not .do enough home
work [b(p)].

{Vx[a(x)+b(x)]
-b(t)

-a(t)
valid

If [a(x)] someone plays too
much football, then [b(x)] he
does not do enough homework.
John does’ enough homework.

[-b(t)].

]»John does not play too much

football [-Q(t)].

{Vx[a(x)+5(x)]
b(t)

a(t);-a(t)
non-valid

AC

If [a(x)] someone plays too

‘Imuch football, then [b(x)] he

does not do enough homework,
John does not do enough home-
work [b(t)].

<o John may or may not play too

much football.

{Vx[a(x)+b(x)]
~a(t)

-b(t);b(t)
non-valid

DA

If [a(x)] someone plays too
much football, then [b(x)] he
does not do enough homework.,
John does not play too much
football [-a(t)]

.~ John may or may not do

enough homework.

*The existential quantifier is not introduced because it rarely
appears relevant to this study.

5

**Here we again have an implicit quantifier, for in fact this sen-

tence conveys the following information:

for all students x, if

X plays too much football [a(x)], then x does not do enough home-

work [b(x)].
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answer was abbreviated to 'mot enough clues" followed by an argu-
ment similar to the one given above. Syntactical arguments were
never acceptable as answers given by the students and were cer-

tainly never'presented by the teacher or explicitly mentioned.

Their existence, however, was suggested by the inductive nature of

the presentation.

Table 1.4 (page¢26)'gifés the aléorithm whiéh, if slavishly
followed, gives the right answer to any validity judgment relevaﬁt
to this study, regardless of méaning and context. -For simplicity,

only the sentential model appears. The table for the first-order

. model is similarly obtainable.

1.4 ngchological Research Underlying Conditional Reasoning

1.4.1 The relations between symbolic logic and the pSychological

reasoning process. In sectioﬂ 1.3 scme logical forms of valid and
nonvalid deductions from conditional premises were discussed.
However, symbolic logic is not intended to be, and indeed isinot,
a model of the reasoning pfocesses going on in the mind while

deductive thought takes place. Logic provides objective criteria

for judgment: of the validity of the outcome of the reasoning‘pro-

cess. To merit a favorablg judgment,ione muét arrange his argu-
ments in a seﬁuence, and check the inferences against the criteria
provided by Iogic. But thisvsequence has only rarely any similar-
ity to the temporal sequence of thought by which one reaches these
conclusions.

In the particular case of the test invblved in the present

study (see appendix 7.2, page»321) almost no thinking is ﬁeeded to

i2
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Table 1.4 - Algorithmic Solution to Relevant Problems of this Study. |

P,q - are distinct simple (atomic) sentence. symbols, in
. which no negation occurs;

-+ is the conditional symbol 1nterpreted "if...then...";

- is the negation symbol-

p? q7 are the 1nterrogat1ve sentences corresponding to p,q,

"clues'" is the term used in this study for the given 1nforma-
tion on which one should base the answer;

"not enough clues" is an abbreviated term for the idea that
the information given in the clues does not suffice
to yield a definite "yes" or ''no" answer to the

» question;
NOTE: The question never includes negatlon
\
Logical , -
Form \ '
Negation MP MT AC DA
Mode
clues: {p»q {p:*q {p+q {p+q
++ L P -q q -p
question: q? p? : p? q?
answer: _yes no Not enough . NEC
clues (NEC)
clues: .{p+-q {p+-q | {p+-q {P‘*'q
— p q -q P,
question: q? p? p? q?
answer: no no NEC + NEC
clues: {-p+q {-p+q | {-rq {-p+q
-+ . -p =q q p
question: q7. p? p? o q?
answer: yes ] yes ' NEC NEC
clues: {-p*-q {-P‘*-q {-Iﬁ-’q {-P‘*-q
- S q . -1 P
question: q? p? - p? q?
answer: no yes NEC NEC
answer the test items once the algorithmic solution provided by

.
“

-symbolic logic has been mastered. So, the purely syntactical
inferences established by symbolic logic should not be confused

with the psychological thinking processes of human‘reasoning,

which usually involves semantic and other considerations.

A
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"The use of symbolic logic as ‘an ideal model for psychological

processes is widespread in literature (e.g., Piagetian deécription
of ‘the Stage of formal thought using the 16 binary operafions, see”
section 1.4.2). That symbolic“logic should not be used as a model
of thinking processes is true not only because application of for-
mal logic sometimes "saves" thinking, but'alsa in view of the many
interfering ps}cﬁological factors that jeopardize logical analysis.
Some factors are related to the emotional impact of the context.
When children afe involved in logical analysis, their stage of
intellectual development and level of language attainmenf may also

have an effect on their ability to reason logically. Still

. another influential factor is previous experience through inter-

action with adults like parents and teachers. Sections 1.4 and
1.5 discuss some of the psychological research done to shed ligﬁt
on these problems, particularly with respect to conditional

reasoning.

1.4.2 Readiness. Granted the indubitable need for a deliberate
eféoft to Bring about full awareness of the difference between
conclusion§ that necessarily follow from given premises and those
that do not, it is natural to seek indications of tﬁe right age
at which to exert substantial effort in this direction.

As early as 1919 the British psychologist Burt claimed, in
lighf of his research results, that all the elementary mental

mechanisms essential to formal reasoning are present by the

mental age of seven., A child's reasoning ability appears to be

a function of the degree of organic complexity of which his atten-

tion is capable. Dorothy Wheeler's experimental work (1958)
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supports Burt's results.‘ These psychologists' findings disagrce
with the developmental theory of J. Piaget, who holds that menta;
growth proceeds by stages. |

According to Piagetian theory and research, the ability to

reason logically marks the formal thought as the highest develop-

. mental stage; appearing only at adolescence., Piaget uses symbolic

logic to refer to reasoning processes;_ A major component of formal
thinking is the sixteen binary operations. Také any two state-
ments p and q and their negations -p, -q. sting the "and" connec-
tive denqted by -, one‘gets four new statements: (i) p Alq; (ii)
-p ~ q; (iii) p ~ -q; (iv) -p * -q. There are 2%, that is 16,
ways to invent still new sentences fromvthese four uéing the "or"
connectiv§, denoted by v. With respect t6 the present study, "if
p, then q" which is logically équivalen% tb (p~q v (-p ~ q)_'
(-p ~ -q), is one of the sixteen. It is thg ability to formulate
and apply any of the sixteen combinations, which Piaget reférs to
as the major component of formal thinking. In particular,

"The role of possibility is indispensible to‘hypothetico-~

deductive or formal thinking...the connection indicated by

the words "if,..then" links a required logical consequent

to an assertion whose truth is merely a possibility"

(Inhelder and Piaget, 1958).

Piaget (1959) showed that it is difficult for children at
earlier stages, more precisely at the concrétefoperation stage,
to accept a hypothetical assumption and draw conclusions from it,
Research done by Shirley Hill (1961) provided evidence that
middle-ﬁlass Californian children at ages six, seven, and eight

are already able, with a high degree of success, top recognize

valid conclusions- from hypothetical premises (where validity is
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determined by formal logical principles). O'Brien and Shapiro's
results mentioned in section 1.1.1 brought refinements to Hill's
observations. In a cross-age study they found students confusing
if-then statements with if-and-only-if stétementg. This confusion:
is determined by deriving the antecedent in AC problems, and deriv-

ing the denial of the consequent in DA problems, instead of

~realiZing that not enough information is available to make any

derivations in these cases.” '"Whether children's-hypothetical-
deductive abilities can be altered by some systematic interven-
tion,xis an 6pen questionﬁ say these researchers (1970).

J. Roberge (1970) was concerned with differential developmept
with respect to six specific principles of deductive reasoning iﬁ
class and conditional reasoning. He found_that fallacies are the
most difficult to analyze at each grade level tested: fourth,
sixth, eighth, and tenth grades at three suburban schools in
Connecticut. The logicalrforms AC.and DA were not mastered by any
substantial percentage of students pfior tb the tenth grade. The
mastery of MP reached 95 percent level in conditional reasoning,
His results suggest, he séid,

"Th;t classrooh instruction of the valid principles of

class and conditional reasoning, such as MP, could begin

as early as fourth grade."

Lester (1975) in following Suppes' (1965) idea of using
strings of 1's and 0's to study children's proof construction
behavior (see section 1.1,1), found that

"subjects in the upper elementary grades (4-6) are able

to solve problems in this system as successfully as the
older subjects, except that they require more time...

*Refer to section 1.3.6 for interpretation of AC and DA (page 18).
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there is reason to believe that even students in the upper
elementary grades can be successful at mathematical activi-
ties that are closely related to proof. That is, certain
aspects of mathematical proof can be understood by children -
nine years old or younger."

These studies encouraged the present investigator to start

working with fourth and fifth gradérs.

1.4.3 Contént effects. "Discerning observations and experimental
evidence must lead one t§ conclude that rational thinking is not
free from the influence bf the affective processes," says A,
Lefford (1946) in a study that demonstrated the effect of yerﬁal
stereotypes on syllogistic feasoning.' He found that most subjects
solve neutrally toned syllogisms more easily than syllogisms with
controversial matters'which were likely to arouse some affective
reaction to their conceptual subjects. For a iong period most
psychplogists tended to equate logical fhinking_with syllogistic
reasoning. |

As early as 1928 Minna Wilkins scrutinized the effect of a

syllogism's content on the ability of one who considers this

" syllogism to accept valid conclusions. She found familiar material

v

to be the least disturbing to logical thinking and material of
unfamiljar scientific or nonsense terms to be the most deletefious,
with suggestive and symbolic maierial in between.

* When subject matter was likely to play on emotions, preju-
dices, or attitudes,_the reasoning process was often distorted by
Feather's subjects (1964). His results show that when subjects
agreed with the conclusion they made more errors in accepting
invalid conclusions than in rejecting,vélid ones. When they

disagreed with the conclusions, more errors were made in rejecting
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valid conclusions than in‘accepting invalid ones,

: Parrott.(1967) studied'the:effectS'df premise content on
accuracy and solution time in syllogistic reasoning. He found -
solution time and number of correct responses to bé positively
correlated with each other on true, false, and mixed premise=con-
tent,

Most of these studies used college students as their subjects.

It is therefore interesting to refer to a study dealing with

critical-thinking readiness in grades 1-12 by Ennis and Paulus

(1965). In the first phase of this study they found that on their
class-inclusion reaéoning test, the éoncrete-familiar-content
component was in general easier for adolescents than the symbolic
presentafion and the suggestive content. However, on the condi-
tional reasoning test,.Which is most relevant tovthe present study,
the three components were of about equal difficulty at ‘each
adolescent grade level. |

The following example‘should demonstrate the problem of con-
tent effect, The fact that the proposition: "all trees are blue"
is factually false, makes it harder to follow the syllogism: "all
trees’are blue, all blue things are not green, therefore all trees
are not green," although the conclusion is a logically valid con-

sequence of the premises,

1.4.4 Language effect. Syllogism with purely symbolic terms,

i.e., content-free syllogisms, have some of the advantages pos-
sessed by lists of nonsense syllables in memory experiments:
freedom from extraneous associations and from factual truth or

falsity. Some aspects of language, regardless of content, were
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studied through_preséntation of content-free syllogisms.

When symbolié syllogisms, valid and invalid, were presented
in'an‘expériment, they were found to be unequal in difficulty.

- Why some syllogisms present easy problems and others difficult
ones is the question to which the authors of the following five
studiesvaddressed themselves, in an attempt to formulate and
verify hypothetical answers. N

Woodworth and Sells' (1935) was a preliminary study for Sells'
(1936) study. Both studiqs weré>concerned with verifying the
"atﬁosphere hypothesis". They considered syllogisms in quan%ifi-
cational logic based on pairs of premises of the following forms:
all P are Q (A), all é are not-Q (E); some P are Q (1); some P are
not-Q (0).* These syllogisms are called class inclusions in
later psychological literéture.

Sells found that for 16 possible paired combinations of the
four kinds of premises, acceptance of I conciusions always ex-
ceeded acceptance of conclusions A, Acceptance of O conclusions
exceeded those of E in all bdt one borderline case, and either I
or O was the preferred error for all but one of the sixteen. His for-
mulation of "atmosphere effect" was advanced as accounting for
these error preferences. (See table 1.5 for the definition of
atmosphere effect.) However the nature of his test format might
be eipected to dictate high scores on I or 0. His tesfs were
constructed of a given syllogism (two premises and a conclusion),

and the subject had to put a circle around one of the following

*The letters A,E,I,0 used by these researchers follow a common
pattern in logical literature of these days (see Cohen and
" Nagel 1957).
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four alternatives: AT (if he thought that the conclusion was
absolutely true on the basis of the statements), PT (which means
probably true), I (indetermiﬁate), AF (absolutely false)}. Sells
counted AT and PT as agreement, and I and AF as disagreement (Ibid.,
page 60). If an A conclusion is ac;epted by a student (e.g., all
G's are B), logiéally an I must be also (e.g., some G's are B)
unless‘the set of G's is empty, and similarly if an E conclusion
‘is accepted an O must also be accepted. Therefore, if the sub-
jecté were self-consistent on Sells' test, all those subjects who
regarded an A orrE conclusion as acceptable for a given premise
pair would also regard as acceptable the I and O conclusions,
respectively, when these were offered‘because,the empty set caée

tends to be overlooked. Thus, I or O acceptances should never be

smaller in number than those of A or E on this true-false format,
and would be expected to be larger. Hence, some of Sell's find-
ings might be an artifact of his 180-items-test format, rather
than being attributed to "atmosphere."

Chapman and Chapman (1959) re-examined the atmosphere effect,
as stated by Woodworth and Sells (1935) and restated by Sells
(1936). For their study the Chapmans constructed a syllogism test
which consisted of 42 experimental items and 10 filler items, each
containing two premises and five alternative conclusions, e.g.,

Some L's are K's.

Some K's are M's,

Therefore:
All M's are not L's.
Some M's are L's,
Some M's are not L's.

None of these.
All M's are L's.

U SN
¢« e« o o @

The correct answer for all 42 experimental items was "none of
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Table 1.5 Errors in

Syllogistic Reasoning

Atmosphere effect

Woodworth and Sells, 1935

Sells, 1936

Conversion and probabilistic

reasoning

Chapman and Chapman, 1959

Definition: Drawing of conclu-

sions on the basis of global
impression of the premises.
AA>A; EE->E; II>1I, 00-0,

Subprinciples: a) a combina-

tion of a universal and a par-
ticular premise produces a
paxticular atmosphere

AI+1I; AO-»O0; EI>0; *EO~+O,

b) a combination of an affirma-
tive premise with a negative
atmosphere

AE~>E; (AO~>0); (*IE>0); I0-0.

Principle of caution: a ten-

dency to accept weak and guard-
ed conclusidns rather than
strong ones (some are, some’
are-not rather than all are,

all are not).

a) Conversion: Interpretation of
A and O'propositions to mean tﬁat
the converse is true, This is a
result of real experience, »(accep—
tance of the éonversion is valid
for E and I‘propositions.)

AA~>A; AE->E (EA is always valid);

IA, AI>I; A0, OA+> O

b) Probabilistic inference like:

some P's are M's, some M's are S's,
therefore some S's may be P's.
IT~>1,

a + b) Combination of invalid

conversion and probabilistic

inference:
0I, I1I0-+0; (IE~>E); EE-~E; 000

*0E, EO~ either E or O.

*The two models differ on this inference.

v |
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these" which was explained in advance to mean: no cher alter-
native aﬁong the suggested ones is a valid concldsion of the
premiseg.. The five alternative conclusions were assigned randomly
to the five positions, with the restriction that each alternative
appeared the same number of times in each position. The 10 filler
items for which a valid conélusion could be reached were included
to prevent subjects ffom>discovering that noné of the experimental
items had a valid conclusion except ''none of thgse."

An objective comparison of the findings by Sells to those of
Chapman and Chapman shows, see Table 1.5, that they agree on pre-
dicting the errors of 11 of the 14 possible pairs of premises.
(Two pairs, EAand EI, yield Qalid conclusions and hence cannot be
included in any prediction of error.) Héwever Chapman and Chapman
suggest a different interpretation for the source of errors.
Hence, althougﬁ they were motivated by criticism of Sells' experi-
mental approach, they ended up with similar results and offered
new principles, "conversion errof" and "probabalistic rqasbning,"
for obtaining them. This much could probably be done on a theore-
tical level, and does not require a new experiment with 222 intro-
ductory psychology class students. Moreover, their theory would
be sounder and the difference in approach between this theory and
Sells' would be clearer if the discussion was based on Sells'
experimental results with a heterogeneous group of 65 adults.

As mentioned above, atmosphere predictions and the Chapmans'
logical predictions by conversion and probabilistic inference are
identical for most pairs, differing only with respect to IE,‘EO,

and OE pairs, Begg and Denny (1969) tried to reconcile these

t;a
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differenceé; The Chapmans, by the principle of_probabilistic
inference, predicted an E response to an IE pair, but probabilistic
inference could equally well predict an. 0 response, congruent with
the atmosphere prediction. Since the Chapmans found predominantiy

E responses, while Sells found 0, the question remained an émpiri-
cal one. In EO and OE pairs the Chapmans predicted and found

equal frequency of E and O response, whereas‘atmospheré effect
predicted, and Sells found, O to be thp main error‘response.v The
purpose of Begg and Denny's study was to gather further data to
supply an empirical proof for their claim to reconciliation. .

Begg and Denny's study and report indeed completed the theory
of atmosphere effect. It was sufficiently.descriptive; théy used
correlétion coefficients for statisticai comparisons, and obtained
highly significant results.

The models of atmosphere effect, conversion errors, and pro-
babilistic reasoning fit into O'Brien's findings of érrors in
arriving at a definite conclusion in AC and DA items of conditional
reasoning, due torconsidering a condifional statement to be a
biconditional one. These models are therefore highly relevant to
the present study, even though most of the studie; §ited in this

paragraph used adults or college students forvsubjgcts;

1.4.5 Language attainment. Since the present study sought to

work with young children, a content-free, pure symbolic approach
was not considered, for obvious reasons. However, another aspect

of language divorced from content was considered crucial: the

minimum level of language attainment necessary for success in

undertaking meaningful deductions.

53




37

Both Piaget (1959, 1968) and Vigotsiy (1965), despite many
disagreements between th;m, quote children at ages nine to ten as
uSing terms like '"'therefore," "Because," "at'leaSt," "only," which
-are typical of the languége of deductive arguments, in an accep-

. table wa}, namely in their function for logical reasoning. Piaget,
who claims that deductive reasoning as an.abstract operation
reaches its fﬁll development no earlier than at age thirteen, does
admit that'in a concrete situation, a child at age niﬁe to ten is
most often at the deQelopmental stage suitable to draw valid con-
clusions, and to express some of them in a precise way.

The impact of the verbal environment in mathematical class-
rooms on the logical ability of yoﬁng children was studied by
Gregory (1972). He found that frequency of use of tﬁe language of
conditibnal logic by the mathematics teacher changed seventh
graders' conditional-logic ability. Later on Gregory and Osborn
(1975) studied logical conditional reasoning ability and teachers'
verbal behavior within the mathematics classroom. They cpmpared/

students of teachers who ranked highly in the use of conditional

sentences with students of teachers with a low ranking. Their

/
/

research, they say '"has identified the frgquéﬁcy of“teacher use Sf
logic as 'a significant variable in children's acquisition of
logic."

All these studies indicate that even if it is true that
fourth and fifth grade children sometimes appear to misuse words
naturally associated with logical thinking, or may not fu11y~
comprehend them, it is reasonable to assume thatithey posses;

the basic vocabulary necessary to start expressing logical argu-
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ment and to begin learning the language for -it, under the stimulus:
of a suitable curriculum that requires 1og1ca1 argument., Because
of the growing need for communlcatlon the early years are the

best years for language attainment,

1.4.6 Context effects., To avoid the learning difficulties im-

posed by content on reasoning, experimental psycholbgists tend to
keep their studies content-free. They do so by using symbolic
representation, by formulating grammatiqally correct sentences
with nonsense syllables instead of words, or.by usihg unfamiliar
terms and-qontent. In the present study these resblutions could .
not be empléyed; due to the subjects' young age and the desired

educational value of the experimental unit as a vehicle in schools ..

“for preparing students gradually for futufe work with implications

within a meaningful and familiar mathematical content. It is

~1arge1y relevant, therefore, to consider here O'Brien et al.

studles of the influence of context and language on the status of
understandlng of the mathemat1ca1 idea of implication as it is

used in invalid inference schemes (AC, DA) by middle-class suburbaq
school children in Missouri.. ‘

When instead of using "if p then q" language, the equivalent |
expression® "a£ least.one of the following: -p, q" Wés used,
subjects scored éubstantially and universally higher (O'Brien et
al., 1971). In particular, growth from grade four to grade ten
was very clear, yet even in gradé ten only 50 to 60 percent of

the responses to the various[questions were corract (10 to 26

*See section 1,3.4, case (iii), page 15.
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pefcent in fourth gradej. Further sub&ivision of the questions,
in both language forms, into items of which the content was defined
as claés inclusion in bontext; and items of which the content was
defined as céﬁsal in context, resulted in subsfantial differences
in subjects' performance. They tended to favor causal items in
grades(six, eight, and ten, whereas the fourth-grade subjects per-
formed almost precisely the same on tHe two groups of items, with
both overall and consistent misinterpretation of P>qasp+q
at the 80 percent level. This effect occurred in all But MP
logical forms. In cases when the logically equivalent language §f
"at least..." was used, virtually no differences were noted
between contexts in either overall or consistent misinterpretation
6£_the conditional sentence as biconditional.*

The effect of context, as inve;tigated in the above study,
which occurs in all iogical forms but‘MP, suggests that high
school subjects do not apply formal reasoning to the task of de-
tecting the necessity of conclusions in inference patterns involv-

ing if-then statements.

1.4.7 Negation, Forﬁs of negation were found by Suppes and
Feldman (1971) to be chhﬁharder for stuéents than other sentential
connectives (namely: 'apd, or). "Hill, in her previously cited
study, found similarly that negation, when added to the standard
form of aAprinciple of logic, increases the difficulty in making

valid deductions utilizing this principle,

*For critique of the distinction between class inclusion and
causal content of a conditional statement see section 3.1.1.

it
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Wason and Johnson-Lair, in a book (1972) summarizing their
comprehensive reseafch, devote the first five chapters to negation.
~ "Our experimenls'suggest," they say; "that negation does involve
én extra step, or mental operation, and that when the negative
lacks a preconception, such a sfep tends to be deliberately and
consciously performed.al This deliberate performancé is indicated
by the extra time needed for processing information given in a
negative way. "It is as if the affirmative preconception has to
be recovered before the meaning of the negative can be graépéd....
On the other hand, in everyqay life;this extra step goes-unnoticed
because the preconception has-alfeady been processed_as part of
the context of the utteranée." Other variébles which were tenta-
tively suggested by these psychologists as affecting the nrocess
of understanding were: (a) the possible emotional connotations
of negative terms derived from their association with prohibitives
which may, at least momentarily, inhibit response, and (b) "The
scope of negations in terms of whether théy are sentential or
constituent may affect their grasp as a f&nction of the specifi-
city of their infereﬁce." |

Apart from the acknowledged difficulty of understanding
negatives, there is a special difficulty which arises when they
oécur in deductive arguments. A sequence of experiments reported
by Wason and Johnson-Laird in their book points out that "as a
general rﬁle, there is no particular problem when they deny
affirmative propositions - an explicit négative may, in fact, be
easier than an implicit negative - but when a.negative is itself

denied by an affirmative, it becomes difficult to keep track of
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the argument. And the most parsimoniou§ explanation for this
seems’to be thé difficulty of 'double negation.'"

Wason and Johnson-La;rd worked mostly with college students.
Application of their findings to younger children is tﬁerefore of
interest. Chen's (1975) findings go along these lines. 1In his
cross-age study of chlldren at grades flve, eight, and eleven, he
stated ‘in the negative statements and the number of correct re-
sponses stated in the equivalent positive statement. Chen inter-
preted this as resulting from the fact that the negative statement
affirmed the information given in the problem, whereas its positive
equivalent required a transformation of fhis data. A

Paulus (1967) studied children's ability not only to judge
validity of deductions, but also to actively deduce. . He reported
that on both the assessing and the deducing forms of his test of
_coﬁditional regsoning, thé items containing hegation'were not more
difficult than the others.

Roberge (1969) studied the same problem within concrete-
familiar content only. His results indicated "that negation in
the major premise had avmarked influence on the devleopment of
logical ability in children." This effect was consistent across
fourth, sixth, eighth, and tenth grades, "Although negation had
an influence on children's reasoning for bbth class and conditional
reasoning, it apparently had a stronger influence in claés reason-
ing." He suggested further investigation, which 0'Brien tackled,
of the effect of negation within specific principles of inferences.

O'Brien (1972) studied the effect of thé negation mode of a

conditional sentence, and its interaction with inference forms: MP,




MT, AC, DA, cbntrolling for item-content effect on form and nega-
tion mode. :The study was conducted in a giils' high school in .
SaintmLouis, grades nine through twelve. DA and AC were widely
regarded by subjecté‘as valid inferencé patterné. The relative
number of correct fesponses for these forms was: MP > MT > DA> AC,
in a range of 95.19 pefcent to 11.16 percent. Causal items were
again found easier than clasé inclusion ones, with no difference
among overall means for the latter andvfor random and nonsense
content. The interaction of logical form with negatidn mode gave

the following picture in number of correct responses:

For MP: ++ >‘f_ > +- > -+, in a range of: 91%-98%
For MT: ++ > 4+- > -—— > _+, in a range of?r 51%-72%
For DA: +- > mm >k > 44 inla range of: 30%_37%.
For AC: +- > -- > ++ > -+, in a range of: 8%-13%

The fact that. -+ negation mode comes last in tﬁree out of the four

forms gives support to Wason and Johnson-Lairdi; findings fhét

"... abstract material, difficulty of the fask, situations which“
N :

are strictly binary..., the negation of the antecedent in p - q»

and conditional rules, are factors which are iikely to lead to the

conversion of conditionals," and hence tc difficulties in deriving

the right conclusions.

1.5 Methods Previously Employed in Teaching Logic

and Those of the Present Study

I

The purpose of the present study was to promote young chil-
dren's conditional reasoning through systematic teaching. There,

fore, previous studies of attempts to approach young children with
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logical activities are of particular interest here. These are

reviewed in this section and compared with the present study.

1.5.1 Previous attempts to teach logic or conditional reasoning,

(a) White, 1936.

Subjects:

Instructors:

Instruction:

Resuits:

2 classes of boys. Mean age 12 yeérs and'll
months.

The experimenter only.

Three months: Once-a-week instruction in logic
in addition to regular program in grammar.
Classﬁ;géeiving the lessons in logic scored
significantly higher on a reasoning test as
well as in composition and English-construction

test.

(b) Morgan and Carrington, 1944,

Subjects:

Instructors:

Instruction:

Results:

Second through sixth graders, Control vs.
experimental group at each level.

Experiménter only.

Experimental groups received graphic demonstra-
tions of solutions to ten syllogisms given
previously as an unexplained test.

"Our results seem to show that the critical
periods for learning felational syllogisms are
the third and fourth grades, and that the
graphic instruction is a factor in facilitating

this learning."
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(c) Hyram, 1957,

Subjects:

Instructors:

Instruction;

Results:

QR HO ALO TW

"Two paired and equated groups of 33 children

each." Mean age: 14.0 years, mean IQ: 106.18.

Seventh and eighth graders.
Experimenter in the experimgntal group.
Four months of 250 minutes per week of instruc-

tion "in the development of the following seven

LY

concepts of logical thinking:

. The Nature of Thinking in General °
. The Tools of Thinking

The Nature of Definition

. The Nature of Eductive Inference

. The Nature of Deductive Inference
The Nature of Experimentation
Common Errors in Reasoning."

This instruction was based on five hypotheses,
three of which are quoted here:

"2. That logical thinking is no more than the
application of the rules of logic to factual
data in order to arrive at valid as well as
true conclusions. It follows from this assump-
tion that an individual's growth in the ab111ty
to do logical thinking must depend upon his .
acquiring a working knowledge of the basic
rules of logic..."

"4, That the most effective way... is through
direct instruction."

"5. That direct instruction should consist of
a. Materials and learning content which embody
the principles of logic. b. Teaching methods
that provide full opportunity for the pupil to
discover for himself these principles and to
formulate them as generalizations."

"It is highly feasible to conclude that the
Experimental Group was superior to the control

group in final reasoning ability as measured by

the original test."
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(d) Suppes, 1962.

Subjects: EXperimental classes of seleéted fifth grade
students. ''Approximately 25-30 percent of the
fifth graders were selected by the administra-
tors on the bagis of general ability and high
achievement in mathematics,"

" Instructors: Classroom teachers from regular schoollstaff.

Instruction: Using the book 'Mathematical Logic for the
Schools" by P. Suppes and S. A. Hill, pretrained
teachers taught for a fuli year ''at the pace
they felt to be most appropriate for théir
classes.'" The text introduces symbolic repre-v
sentations in Chapter 1, rules of inference and
truth tables are introduced later through
examples and are presented in the symbolic for-
mal way typical of mathematical logic.

Results: Evidence from the one pilot class reported to
"indicate that its level of accomplishment was
comparablé to that of a college class in mathe-
matical logic, althoughvits pac; was much
slower."

(e) Suppes and Binford, 196S.

Subjects: - Same as above, a year later, i.e., sixth grade,
plus 12 new fifth grade classes.

Instructors: Same as above.

Instruction; Second-yecar students completed between 162-284

pages of the above text. First-year students
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(g)

Restlts:

completed 117-183 pages. Symbolic manipulations
involved iﬁ derivations was a part of the
program.

"The upper‘quartile of elementary school stu-
dents can achieve a significant conceptual and
technical mastery of elementary mathematical
logic. The level of mastery is 85 to 90 perce;t

of that achieved by comparable univefsity

 students."

Ennis and Paulus, 1965.

Subjects:

Instrpctors:

Instruction:

Results:

Miller, 1968.

Subjects:

Instructor:

Instruction:

Groups of fifth, seventh, ninth, and eleventh

graders.,

Researchers only.

One period a day for fifteen days. Condifioﬁal

logic wae taught throughout this period.‘
",..there is not much point in trying to teach

conditional logic in elementary and lower secon=-

dary."

A seventh grade class.

Researcher only.

"After completing the (pre) tesfﬂ the students
were inté;ested in knowing the correct answers.
In t?¢ discussion which followed the form of
the/patterns was investigated.'" Therc were 12
fi?ty-minute class periods in which '"concepts

were introduced in terms of physical world
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(h)

Results:

McAloon, 1969,

Subjects:

.

Instructors:

Instruction:

Results:

situations and then abstfacted and Symbolized.
The laws of a two-valued logic were introduéed
as rules, much like... when one plays a game." -
The basic components were meaningful sentences
to Wisconsin residents.

"At the conclusion of the unit students were
able to correctly test the validity or invalid-

ity of an inference pattern."

26 classes, 13 of third graders and 13 of sixth
graders; all of average IQ or above.
Classes were randomly assigned fo 25 teachers
for the four different treatments (instruction
modes).
ﬁour'different modes:
(i) Logic interwoven with mathematics, by
teachers pretrained in logic.
(1i) Logic separated from mathematics, by
| teachers pretrained in logic.
(iii) No logic, by teachers pretrained in mathe-
- matics.
(iv) No logic, by teachers who received no
in-service training.
In both grade levels, groups (i) and (ii)
scored higher on class and conditional reason-

ing, with no significant difference between (i)

and (ii).
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(i) C. Carroll, 1970.

Subjects:

Instructor:

Instruction:

Results:

Selected ninth gradérs with low mathematics
achievements, but above the 25th percentile in
reading. 72 girls of whomv24,were taught logic,
and 100 boys of whom 24 received instruction
in logic. | |

Researcher,

Conditional reasoning.- was taught once a week

for 39-42 minutes per period during 7 weeks.

The method of teaching was oral discussion led
by the instructor,

"The general pattern followed in the presenta-
tion of each form of argument was to familiarize
the student first with the basic forms through
the use of arguments based on concrete objects
or familiar subject matter. Then, gradually,
attempts were made to have the students abstract
the form from the content and judge the validity
of the form on its own merit."

The forms of arguments were introduced one at a
session in the following order, MP, AC, DA, MT
(see section 1.3 for these abbreviations). The
forms were imbedded in content defined as con-
crete familiar, symbolic, misleading, and
removed from reality.

"The improvement among ~ubjects in the experi-
mental groups measured by the percent of the
subjects whose total score was higher on the
posttest than on the pretest was not signifi-
cantly greater than that among students in the
control group."

Out of the four logical forms taught, only for

AC was therc a significant difference between
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(j) Weeks, 1970.

Subjects:

Instructor:

Instruction:

Results:

the percent of subjects in the experimental
o o Ve, '
groups who improved and that of subjects in the

control group who did.

30 second- and 30 third-graders; half of each
were randémly'asSigned to the experimental c
group. | |

Reséarcher only,

3 half-hour sessions a week for eight weeks.
Dienes' suggesfions for use of the attribute
blocks were followed with slight hodifications.
""The primary role of the investigator was to
introduce games, to encourage subjects, to
stimulate discussions, and to help summarize
discoveries." Topics covered (through the ﬁse
of attribute block solely) wefe acquaintance -

with the bldcks and forming of sets according

to-attributes (first nine meetings), "and" "or"

"'not" conjunctions (next five meetings), "if p

then Q" and its logical equivélent, "either
not-p or q" (next four meetings), traniforma-
tion, univeréal and existential quantifiers,
valid conclusions from given premises (in the
last six meetings). |
Attribute-block training had a strong, signifi-

cant, positive affect on the development of

logical reasoning ability and perceptual reason-

N ’
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1.5.2 The present

ing ability in both grade levels, wjth no sig-
nificant difference between the two levels.
These. findings were based on the researcher-
developed test in logical reasoning which con-
sisted of 36 items "each in th; form of two or
thé;e verbal premises-and a possible conclusion
presented as a question" similar to O'Brien's
(1968) and Hill's (1981) tests. All itéms have
content remote from attribute Blocks, represent-
ing logi;al form of sentential and quantifica-
tional logic including four comnectives common
to mathematical logic ("and"b"or" "not" and
conditionals); some items require transitivity
of the coﬁditional, others call for MP, MT, AC,
DA as well as plassical syllogisms with one-

and two-place predicates,

study \

‘Subjects:

Instructors:

Instruction:

Two fourth-grade and four fifth-grade classes
of average and‘above-aVerage general ability.
Current classroom teachers of these classes.
20-25 rcgdlar class sessions, "4-5 time.. 1 week,
using researcher's developed matefial on MP,
MT, AC, DA in conditional reasoning embedded in
realistic or hypothetical reasonable content.
As far as language was concerned, statements

were limited to simple ones where only negation

and conditional connectives occurred. Manipu-
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lative aidé in a game atmosphere were used 'tc
provide a variety of concrete situations in
which the relevant logic appeared. No direct
formulatioﬁhor teaching of the rules of logic
took place. Discovery of the underlying rules
was left to the.individual.stUdents who may’
have sensed the existence of the rules intui-
tively through the rich experience provided in
many similar cases, but this discovery was never
forced upon them. The use of symbolic represen-
tation_was liﬁitedrtn abbreﬁiations of particu-
lar names in discussion. This was intended to
*provide hints for abstraction of the logical

forms. (Results - see Chapter 5, page 122.)

1.6 Teachers' and Prospective Teachers' Conditional Reasoning

Because employment of the experimental materials by ordinary
teachers was one goal, of this study, teachers' mastery of logic
was of major concern. As Eisenberg and McGinty (1974) stated:

"If elementary school teachers make the same types of errors in

logical reasoning as elementary school children, then how can one
exﬁect to achieve in the schools the goal of critical thinking?"
In their study comparing and conttasting the error patterns that.
prospective elementary sch;ol teachers and second and third grade
studenté make in a logic test, they found that for the overall
test the mean score of the prospective teachers was significantly
higher than the mean score: for the elementary school students;

however, these mean scores were only 53,93% and 54.98% right an-

swers for the first and second course for prospective clementary
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school.feachers, respectively,

Moreover,lwhen one focuses attention on the specific senten-
tial logical forms of items within the test, troubleébmé areas
become evident. 05 AC items, scores of the college students did
not differ significantly from chance. For items of the form "P or

Q; P, therefore not necessarily Q," 'and "P or Q; not Q, therefore

"
¥ |

P," which can be interpreted as DA and MT items, respectively, if
we change "P or Q" to theﬁlaéically equivalent statement "if pot

P, then Q," the mean scores for preteachers and for children Qere
not significantly different. Indeed, for fhe first kind all scores
were significantly lowef than{a chance score,

“R. McCoy (1971) conducted a study of the effects of threé
different strategie§ of proof instrucfion on céilege students
majoring in elementary education. i39 students parficipated for
four weeks in his main study? Four instructional pléns were used:
(i) formal logic; (ii) épplying‘the rules of logic to“proof con-
st;uction; (iii) applyink the rules of lqgic, by model building, to
proof conétruction; and for control, (iv) no instruction on proof
construction. All the strategies of proof‘instruction were taught
by the author with the exception of the control gfoup. A lecture-
response approach to the teaching was used. |

~ He found thé post-unit méan scores on proof construction to
be (i) 22.1 (ii) 27.8, (iii)‘27.3,:(iv) 18.4, out of a maximum
36 with réspect to the above methods., These resulfs support Suppes
and Binforé's (1965) conclusions that: '"The more’dedicatéd and

R i

able elementary school teachers can be adequately trained in five
or six semester hours to teach classes in elementary mathematical -
logic." : h

N




The need fof training teachers prior to their employment of
logic in their instruction was recognized by Suppes (1962; 1965)
and McAloon (1969) who, as mentioned previously, conducted experi-
mentai teaching in logic through regdlar elementafy school
teachers,

The findings cited above indicate an urgent need for teachers'
tra1n1ng if effective handlang of materials by teachers is sought.
This need also brlngs this whole psychologlcal background chapter
to a close at the point where it opened, namely, to use.Eisenberg
and McGinty's words: ''The conjecture cited by Donaldson (1963),
Gardiner (1965), Hill (1961), and others that maturation comprehen-
sively.affects sententially loéiéal thinking is not supported. ..,
Remediation in these areas will not éome withGUt work. Maturation

is not enough."

1.7 Questions Studied

1.7.1 Objectives. The preceding disucssions in this chapter have

focused on previous treatments of principal problems and on back-

ground for the particular'objectives of the present study. The

following is a list of these objectives:

a; To develop a unit in'cpnditional reasoning for the upper
elementary grades, aimed at familiarizing studenfs with con-
ditional reasoning paradigms without explicitly teaching
either the rules of formal logic or any algorithmic solution.
.This unit shouf% be based upon formal logic as discussed in
section 1.3, and.should utilize the experience of prev1ous

vattempts as dlSCUSSed 1n section 1.5. Conditional logical

-3
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forms in the developed unit should be limited to content ex-
pressed in simple sentences, where the only connectives
included are the negation and fhe conditional ones. Condi-
tional reasoning in this unit should -be limited to familiar
content in concrete or hypothetical situations that do not
contradict everyday experience and do nbt have negative
emotional connotafion as discussed in section 1.4.

To develop this unit to the point where ordinary teachers will

»be'ablé to apply it in regular classroom settings, despite

the acknowledged difficulties as discussed in section 1.6.

To develop this unit to the point where, when applied by

regular teachers in their ordinary classes, a marked progress

in students' conditional reasoning ability will be obtained.
To develop a reliable instrument of measurement to determine

change in students' conditional reasoning ability,

- 1.7.2 Hypothesis tested. In general, it was hypothesized that

the objectives stated in section 1.7.1 are attainable.’ Namely:

a.

There exists a proper method of'introducing fourth and fifth
grade students to conditional reasoning on an intuitive
level, with the limitations stated in part a of the previous
section,

Some elementary school teachers are able to provide instruc-
tion in conditional reasoning in their regular classes after
receiving a proper training. N

Students of different fourth ér fifth gradé classes in any
one scﬁool district that does not have a tracking system will

exhibit similar performance on a pretest level. This perfor-

'
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mance will be high on MP and MT/logical forms and poor on AC
and DA logical forms.

d. Negation in the first premise, i.e., in.the conditional sén-
tence, will increase the difficulty of any of the four
logical forms.

- e, Classes introduced to coqditidnal reasoning by their teachers
will exhibit in a posttest a marked progress in Aé and DA
logical forms. The level of observed peiformancé on MP and
MT will.femain equal or slightly higher tﬁanthat of the pretest,

f. Performanqe of students in classes not introduced to céndi-
tional reasoning Qill remain unchanged, if the time lapse
between the prefest and the posttest is no longer than a few

- months.,

g. Students' errors in both pretest and posttest will conform

to the model of error prediction described in section 1.7.3.

1.7.3 Model for error prediction in cond1t10na1 reasoning. After

’ cons1der1ng the explanation of errors by atmosphere effect, con-
version effect, probab.listic reasoning, and con51der1ng "if..,
then" implying its converse or as "if and only if," the present
study assumed and tested the model in tahle 5.1 for error prediction
due to fallacious conditional reasoning. .
Another way to interpret the pattern of mistakes given in
table 5.1 was shggested by L. Henkin (1974). He .conjec-

tured that the teﬁdency to wrongly affixmltheantecedent in the

fallacies of the form Afflrmlng the Consequent, and to wrongly

deny the consequent in the fallacies of the form Denylng the

Antecedent, has nothing to do with logical or illggical thinking,
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Table 1.5 Expected Errors in Conditional Reasoning

Corresponds

Correspondsl '
AC to DA : to
++|clues: P~*q MP in ++ fclues: p.> q MT in ++
q : or -p or
question: p? MT in -- Jquestion: q? MP in --
expected error: YES expected error: NO
+-|{clues: P> -q MP in -+ Jclues: p>-q | MT in -+
-q or -P or
question: p?- MT in -+ Jquestion: q? MP in -+
‘expected error: YES ‘flexpected error: YES
-+|clues: -p *q MP in +- flclues: ~ -p -+ q MT in +-
q or ‘ P ‘ ¢ or
question: p? MT in +- [question: q? MP in +-
expected error: NO , . lexpected error: NO
~-|clues: -p > -q | MP in -- Jlclues:- = -p > -q | MT in --
-q or ' P or
question: p? MT in ++ [fquestion: q? MP in ++
expected error: NO expected error: YES

Note: The right answer in all cases above is: Not Enough Clues
(NEC). The above error patterns coincide with the logical
analysis of errors given in the last paragraph of section
1.3.6, in which MP is applied to the converse of the first
clue in the AC cases, and MT is applied to the converse
(or MP to the inverse) in the DA cases.

but may result from some sense of "language balance." If he is

right, fhen a major part of the right answeré previously observed

by researchers in MP and MT cases, may not indicate logical think- !
ing after all. Instead, the same almost impulsive sense of lan-

guage balance may lead to rightly affirming the consequent in MP
cases, and to rightly denying the antecedent in MT cases. Whether
this explanation has roots in actual experience could be verified

through an examination of arguments and explanations subjects give




to justify their answers, and by the extent to which their consis-
tency in giving right answers to MP and(Mt items is persistent
even after becoming aware of the fallacies. Another wa} to test
* this explanatioﬁ is by changing the connective to see.whether this
senseiof'"language balance" leads to wrong answers in'cases similar
to MP and QT.

Predicted errors and the various explénations for tﬁem
provided the basis for development of the experimental teaching

materials., It became evident that efforts should be made to

demonstrate what is wrong with fallacious reasoning through

_counter examples and careful argumentation.
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CHAPTER 2 R

THE EXPERIMENTAL UNIT

Chapter Overview

An overview of the gxperimental unit iﬁ its-finai form is
given in.seCtion 2.1. This section includes an introduction
(2.1.1), in which the approacﬂ is analyzed and compared with pre-
vious studies. The teachers manual for the unit, inéluding stu-
dents completed paper-pencil worksheets, can be found in appendix

' 7.1. The rest of the chapter describes the develofment of the
experimental unit up to the final version used in the main study.
The main study itself will be described in Chapter 4 (page 112).

The course of development involved several cyclus of teaching-
revision-reteaching. The teaching trials consisted of three major
phases: (i) individual work with two fourth graders (section 2.2),
(ii) small-group work with fourth graders, fifth graders and with
one mixed age group (section 2.3), and (iii) whole-class trials
with two fourth and one fifth grade class (section 2.4). The
experimenter conducted the first two phases. Tﬁe third pHﬁse,
which constituted the pilot study, was conducted‘by regular class-
room teachers. Lessons learned fron each phasé, modifications of
teaching strategy, revisions of materials, and further development

/

are described after each trial.

2.1 The Experimental Unit - An Overview

2.1.1 Principle  of the approach. Because the present study was

designed to provide an introduction to conditional reasoning for

4
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upper-elementary-grade students, this researcher decided to con-
sider only familiar content. It would often beAconcrete in nature
but could sometimes he of a hypothetical nature. Still, it woul®
nener be contradictory to fécts or to previous experience. It was
also considered desirable to keep the content nentral from emo-
tional reaction and to limit symbolic representations to abbrevi-
ations of terms in current discussion.*

-Many of the studies reviewed in section 1.5 exposed subjects
explicitly to formal logic in symbolic representation. The purpose
of the present study was to teach a proper use of "if;..then" in
gnz_meaningful context. .Achieving this purpose using symbolic
representation reqnires transfer from the‘formal'language to terms
of specific content, which cannot be expected from elementary
school students. Also, symbolic representations appear inadequate
for elementary school in ‘the light of Piagetian tﬁeory. If
generalizatidn is sought, Hyram's (1957) approach of inductive dis- '
covery appears to be the most appropriate ét all levels because of
the educational value of transfer and retention. However it should
be remembered that fourth'and fifth graders may not be able to
express in a symbolic way such discoveries of general logical pat:
terns. Moreover, the value of symﬁolic presentation to them is
questionable,

Despite the previously mentioned negative perspective for
young children's ability to learn conditional reasoning, indicated

by Ennis and Paulus (1967), Weeks reports a significant success

*For further discussion of practical problems related to content,
see section 3,1.1, page 84,




in working with very young children. The usé of attribute blocks
by Weeks (1970) as the oniy mgnipulative aid raises questions of'
maintenance of interest as well as of transfgr. As Ellis (1965)
points out, transfer is facilitated through the use of a variety
of tasks in the learning situation. Moreover, MacGinitie and Ball
(1968) emphasize that an essential condition for transfer to occur
is for students to recognizé the common features underlying the‘
variety of tasks, Students' self-discovery of the common features
leading to possible generalizations seems to Brownell (1936) to be
a necessary condition for transfer. Weeks' verbal-testing results
after the twelve hours of attribute-block training of second and
third graders are surprising not only in the wide range of logical
skills achieved, but also in view of the transfer required. 'We
can expect more transfer when the training task and the criterion
task’resemble each other in their overall characteristics'" -
Stephens (1963) reports, bﬁt in Weeks' case the content is so
~different that the transfer of logic from the training task to
the test tasks is worth pointing out. In the present study a
variety of manipulative aids were used to provide a rich, concrste
experience as a basis for execution of deductive thought in a
meaningful environment, and to increase the likelihood of transfer.

In several high- schusl text books there are sections devoted
to logic, but because these are intended for students older than
those involved in the present study they will be reviewed only
briefly for comparison with the approach taken here.

Some high school mathematics projects (e.g., Exner et al.,

CSMP, 1972) start their curriculum with direct teaching of logic.

amey
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It was not the purpose of the present study to teach forﬁal-logic,
nor to analyze the nature of the deductive process itself., Rather
the purpose here was to teach the process of making valid deduc-
tions by providing experience in making valid deductions and prac-
tice in avoiding nonvalid deductions as well., The decision Was
made to postpone the formal analysis until after .students were
exposed to a variety of concrete éxamples and executed logic on an

intuitive 1level,

There are some new textbooks that devote a separate chapter to

teaching the process of constructing a proof. R. Davis (Madison
project, 1964) leads junior high school students to shortening a
given list of sentences, in other words to draw a coﬁclusidn from
this list. This seems to be a very worthwhile idea, even though
the various lists he gives ho not lead to any generalizations or
discrimination between valid infereﬁtial techniques and non-valid
ones.v

Another well known approach to acquainting students with ideas
of mathematical logic is to teach the construction of truth tables
for sentences built with propositional connectives (e.g., Suppes
and Hill, 1964). This task is essentially computational and
algorithmic. The approach in the present stﬁdy is different in
that it is directed to leading students toward the intuitive con-
struction of a deductive argument. Truth tables may be incorpor-
ated, in such an approach, as a technique for verification of the
logical validity of a cbnclusion, which in turn will indicate the
provability of the conclusion. But truth tables alone cannot

serve the purpose of putting the students into a thinking process

of distinguishing valid from nonvalid inferences; a truth table is

ke
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an automatic algorithmic process that does not take any:thinklng.
Also, truth tables have operational limitations. For example, it
is'impoésible to construct a truth table for general sentences of
the form, "For all x, x is...," because there mayrbe models in
which such a senfence is true and others in which it is false (see
section 1.3.7). Teaching the technique of constructing truth
tables and of finding such models, although it may attract young
children, is time-consuming, and was not used in the experimental
unit.

In all but two of the studies cited above in section 1.5, the
researchér ca;ried out the instruction. This limits the generaliz-
ability of these studies insqfar as applicability'to regular
elementary-school instruction is concerned. Teachers usually do
not posses§ an extensive background in logic or a rich experience
in mathematical thought. Hyram (1957), cited previously, suggests
that teachers should take basic courses in critical thinking at
teacher-training institutes in an effort toward 'bridging the gap
between educational theoretical aiméAand the actual results of
teaching practices.' 1In the present study, actual classroom
teachers took the active role of teaching. These teachers parti-
cipated in a simple training program prior to their own teaching
periods.

In the two cases where ordinary classroom teachers were the
instructors (Suppes, 1962, 19§5, and McAloon, 1969) there was
departure from the regular classroom setting at school. In one

case classes were formed on a selective basis, and in the other

teachers were randomly assigned to classes. FEven though in each
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case there were probably good reasons for the procedures adopted,
they again limit the generalizability of these studies to regular
elementary school situations. In the present study, classroom
teachers taught their regular classes in an‘ordinary school set-
ting.

In some of the above studies the treatment seems to be some-
what short and isolated. This may explain at least in part

. Carroll's (1970) inability to show significant differences between
the treatment and control groups despite her very reasonable
teéching‘methods. In the present study teaching occurred four to
five times a week and lasted for five to six weeks;*

The teacher edition of the experimental unit is attached in
appendix 7.1. It includes answer sheets for those parts of student-

- activities involving worksheets. The rest of this.section conveys
the general structure and content of the experimental unit..

The unit consists of seven chapters: Electric Cérds; Dominoe
Activities; Pictorial Activity;’Numbers and Their Properties;
Playing Cards; Colored Light Switch Box; Prepare a Quiz, Each
chapter is a set of small-group activities introduced by a teacher/
whole-class activity. vThé first set, Flectric Cards, is a motiva-
tional activity for the whole unit and it also leads to the final
project. - . | : o

Between the first introduction and the final préject, the
unit is subdivided into three parts according to the objectives

to which each set of activities addresses itself. The first part

is designed to demonstrate the implications of a conditional

sentence; the second part shows how’conditional sentences are

* .
See also section 1.5.2, page 50,
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derived from other sentences; and the third part integrates the o~

first two in order to produce some generalizatioms.

2.1.2 Motivation and final project, The first set, Electric

Cards, sets the moti&ation for learning the’whole unit through‘a
self-conducted group éctivity of problem solving. There are about
300 problems; each is typed on a separate card.s An immediate
checking and feedback system is available through an electric
tester. The tester lights a bulb when ond only when its terminals
are attached to the metal contacts connected to the right answer.*
The children are instructed not to test an answer before each
group member has independently offered an answer and a discussion
has taken place in case of disagreement. Thevfinal project at the
end of the unit involves the whole process of producing students!'

, ] .
self-made electric cards. The student starts by inventing a true
conditional senterice, the conﬁers; of'which is false. Next, the
sfudent makes up a problem for each éafd, wires the card and chal-
lenges a frient with it. (The term converse Qas not introduced;

instead, students learned about a conditional sentence and its

"flipped-over" mate.)

2.1.3 The first part., The Domino Activities andxtheaPictorial

Activity*™ constitute the first part of the unit. These activi-
ties demonstrate by a variety of examples the idea that whenever
a conditional sentence (if p, then q) is true or assumed, it ‘\

excludes the possibility of p and not~q occurring in conjunction,

. _ .
*See details in appendix 7.1, page 222. -  °

**See appendix 7.1, pages 228, 236,
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and this possibility is the gglx_one excludéd by that hypothesis,
In other words, the conditional sentence éllows either one or more
of the following to occur: p and q; not-p and q; not-p and not-q.
In particular, the possibility in the middle is nbt excluded.*
In tﬁe secéﬁd part (section 2.1.4), the converses of these two
theorems are démonstrated.,

The Pictoroal Attiﬁity is a set of pictures and a conditional
sentence. The task is to select those pictures that contradict

. :

*
the sentence.

Ehe conditional sentences and the pictures become more com-

0

&

plex as students progress.- In principle, the pictures given for a
conditional sentence p » q illustrate four situations: p and q;
p and not-q; not-p and d; not-p and not-q. (See diagram 2.1 for a
sample.) Students are expected to discover tﬁat the piétures
contradicfing the conditional sentence are those where p and not-q
are illustrated. The undersFanding‘that this is the bnly case
that contradicts the sentence is developed through group and class
discussions. |

For the Domino Activities, the teacher makes up a story about
Paul ﬁho keeps losing his dominoes. One;d;y Paul discovers that
the dominoes he still has obey a rule of the form: If there is a

3 on any of my dominoes, then there is a 2 on it. Students study

some incomplete domino sets to find out true rules for them, then

*The logician would recognize the two theorems behind it: (i)
P>qbk-(p ~-q); (Gi) prqm=(p~q v (-p~a)~ (-p ~ -q).
**For a discussion of why finding the contradictory picture is

easier than finding the ones that agree with the sentence, see
the teachers guide for that activity (appendix 7.1, page 240).
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Diagram 2,1 A Sample of the Pictorial Activity

In each picture you see a man doing something, while the TV is either
~on or off. Read the conditional sentence at the bottom of this page
and write the number of each picture which disagrees with it.

2
(7]

66

(1) (2) < 3

) e, (6)

If the TV is on, then the man is not reading.

This igs the first conditional sentence, with negation, in this activity., Student
will as usual be called to describe the pictures in terms of: TV is or is not
on; the man is or is not reading. Concentrate on those pictures where TV is on
and find the picture which does ncc agree with the sentence which is the one
where the man is reading while TV is on. Pictures 4,5,6 do not disagree with the
sentence! : :
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they play '"Paul, the scatterbrained guy' where students také turns
being Paul and the one playing Paul puts.an incomplete domino set
on the table. His peers have to guess his rule. (There may be
more than one true conditional sentence for a given incomplete
:domino set!j. Later on students cross out on a chart of‘a'com-
plete domino set those dominoes Paul definitely lost for a given

rule of an incomplete set. E.g.: if there is a 2 on one side, then

there is a 5 on the other side (2 + 5, in short). lFor this rule a.

student should cross out all the dominoes that show 2 but dc not
shbw 5. Nctice that only these dominoes must be missing from
Paul's set. He may or may not have lost a dominoe like 5:3. On
the other:hand students do the same thing for the "flipped over"
mate of the above conditional Sentence, in other words they cross
off the chart {(a clean copy for Qvery rule) those dominoes Paul
definitely lost if the rule for his incomplete set is 5 + 2, A
comparison of the answers for the two problems demonstrates the
difference between a conditional sentence and its converse (see
diagram 2.2, page 68);

The dominoes are. used also for another purpose; to bring
azbout the realization that a conditional sentence carries informa-
tion which is identical to that carried by its contrapositive

mate (i.e.,“its inverse). .

2.1.4 The second part. The second vart of the unit -- Numbers
and Their Properties, and Playing Cards -- serves to illustrate to
the student, again through concrete examples, the converse of each

of the theorems discussed in the first part, namely: (i)
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Diagram 2.2 A Sample of the Domino Activity |
(I1lustrating the independence of two converse sentences.,)

Paul's rule for his incomEIete dominoe-set is 2~>5
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-(p~ -Q)meprq@Ei) p~q) v (-p~q) ~(-p~-qQ) P~ q.

 Combined together, the first two parts give concrete experiences

which demonstrate the equivalence of a conditional sentence to
either the disjunctive or conijunctive statements above. To take
away any.doubtsnit should be noted again that the abstract languager
used above is not the language used in the classrooms.

In addition, the second part of the unit,'particularly the
activities with playing cards, provides a rich source of examples
for the equivalence of a conditional sentence and its contra-
positive. This recognition of equivalence and of the logical
independence of two converse sentences was regarded‘as prerequi-
sites for development of recognition and understanding of the
validity and invalidity of inferences made from coﬁditional
premises.”

In Numbers and Their Properties the work is mostly on an
individuai worksheet basis. Students are to position numbers in
a2 x 2Imatrix under fhe pioper categories of p and q, p.and not-q,
not-p and q, or not-p and not-q,-again of course with particular
p and q, e.g., p is "the number is less than 30," q is "the
number is fess than 66." -For this example students would have a
hard time finding a ‘number for the box designated by p and not-q
because there is no number less than 30 and not less than 60,
Part of the task is to discover this_facf an& then rephraée it as
a conditional sentence: if a number is less than 30, then it is

less than 60, ERelations other than -- less than -- are suggested

/
*See section 1.3 for underlying logic.
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to the teacher in the manual (see éppendix 7.1, page 286). Note:
in the contrapositive: If a number is not less than 60, then it
is not less than 30, students (and teachers!) tend to say '‘greater
than" instead of "not less than', ignoring the equality. case.

For the Playing-Card activities each group of students re-

ceives a deck of regular cards and a chart like the one in diagram

© 2.3. Students take turns in putting cards in place, explaining :

Diagram 2.3 A Sample Chart for a Playing Card Activity

Put each card in the right piace. What do you discover?

Red ‘ Not-red R

O
ot O

Phrase your discovery as a conditional sentence in two ways.

each time why they do so, e.g., for 7 of spades they are supposed
to say: it is not red and not a heart, so it belongs here (bottom
right box). Eventually, usually before all the cards are distri-

buted, they realize that there would be an ampty box, in this case

the upper right one. This box will stay empty because there is

no heart card that is not-red. Rephrasing it in two ways as a
conditional sentence calls again for using the contrapositive. It
is particularly easy to see that the same chart can be described

in two contrapositive ways if one starts the conditional sentence

.
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once ffom the left marginal titles: "If a card shows a heart, fhen
it is red," and once from the upper‘marginal'row:r "If a card is
not red, then it is not a heart."

In the majority of cases up to this point, whenever a condi-
tional sentence is discussed, four types of logiqal problems are
formulated. The students answer these problems and-provide their
reasons based on their observations. .At many points students are
advised to take the teaching role and lead the class in a discus-

sion of the analysis of some puzzles.

2.1.5 The third part. The third and last part of the unit, which

includes activities withk a colored-light switch box, more paper andJ
pencil work, and preparations for the final perectxof the Electric
Cards production, attempts to lead the students towards generali=-
zations through sorting of the problems they dealt with previouSly
and analyzing similarities and differences between the four kinds
of problems.

Throughout the second and the third part of the unit, many
abbreviatidns are used. Students like them because they save
writing. What they may not know is that these abbreviations also
emphasize the syntax of the various logical forms. They stand for
constants. in the logical sense, and thus serve as an intermediate
step before variables take their place fpr the general pattern of -
the four relevant logical forms.” There is nowhere a direct
teaching of the algorithmic solution discussed in section 1.3.8

(see page 23). However, sense of its' existence is expected to

*See table 1.2, page 20, for a reminder of the logical forms.




emerge from these activities, even though it is never forced. The
remainder of the chapter gives a detailed description of the
writing-experimenting-rewriting cycle that produced this final

version.

2.2 Unit Developuent - Experimenter's Work with Individual Students

2.2.1 Exploratory work. Because several studies suggest that

fourth grade is a promising starting point for a systématic intro-
duction of certain patterns of lbgic (see section 1.4.2, page'27),
the very first attempt to devise teaching strategies was made
through individual sessions with two fourth grade students, a girl
aged nine yea?s and eleven months and a boy aged nine years and
six months. These two children placed inbthe top quartilés of
their classes, but were not the typical studénts; both were
foreigners, had been staying in the U.S. for eighteen months at
that time (April 1974), and English was not theif native tongue
(nor was it the experimenter's, by the way). Convenience due to
personal relationships with the children was the main reason for
choosiﬁg them for this part of the study.

Each child spent two or three 30-45 minute sessions with the
experimenter. During these sessions the experimenter presented
puzzles to the child. The puzzles were relevant items, of MP and
MT logical form, from Hill's test (1961).and their modifications
to undecidable items, of AC and DA logical form, as suggested by
O'Brien (1968)." After a child ééve an answer, his/her arguments

for it were requested. When a wrong answer or a false argument

* . . '
For a review of these references, see sections 1.1 and 1.4.
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were given, the eiperimenter condu;ted a question-and-answer dia-
logue to lead the child to a recognition of the mistake, and con-
sequently to a change of the answer. Sincé the notion of -- not
enough clues - was not introduced in advance, expressions like:
We can't tell, could be either way, not necessarily so -- were
acceptable for undecidable items.

The first session with each child was planned to last thirty
minutes. After one-half hour, both children insisted on continu-
ing. After forty-five minutes the experimentef still could not
stop before promising to continue the puzzles again the next day.
Both children seemed to become aware of certain differences among
the puzzle; which at first looked so much alike. They consistently
answered correctly most of the MP and MT items and repeatedly
committed. fallacies in most of the AC and DA items even though
each time they did, they later seemed to understand their mistake
through the question-answer dialogue based on their incorrect
answers or_ arguments,

In the second session, no real progress was yet apparent,
Again it was easy, easier fhan before, to make the children real-
ize what was wrong with their answers, 'Oh, yes, it's the.same
thing, it does not have to be so and so, because it may'also be
so and so." This was a common pattern of reaction. Also, 'Why
am I so dumb?!? Let me try the next puzile. Now, I'm sure I got
it," but the next undecidable item was agdin answered spontaneously
and very often incorrectly. The only difference was that as time
passed, the very first clue, sometime; even given nonverbally by
the experimenter, sufficed to bring the child to reconsider his/

her answer and to come up with the right one with a well phrased,
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even if formally incomplete, argument,

The boy became tired, poséibly frustrated after thirty min-
utes. He was no longer looking forward to a third session. So
his next session was to take élace when he asked for it, but he
never did. However, often in his bed before he went to sleep, he’
generated new items, mostly of AC and DA logical forms, answered
them correctly and gave surprisingly good reasons for their
undecidability. Many of his ideas were later used in developing
the Electric Cards activity.

| The girl maintained her interest in the second session. She
became bored in the third session, and there was a notable change
in her performance. She had no more difficulty in getting the
right answer to almost any puzzle of each of the four releQant
logical forms. In the few cases she gave the wrong answers, she

realized it right away, was able to explain her corrected answer,

and volunteered an apology for the cause of her mistake. These

-apologies usually went along the lines logicians and psychologists

discuss in their writings, namely, basing the definite answer on
the converse of the given conditional sentence.” Experimenter's
efforts to play the devil's advocate were rarely successful with

this girl in the third session.

2.2.2 Basic lessons learned from the exploratory work.

(1)  Providing experience with a rich variety of undecidable puz-
zles alongside decidable ones may prove an effective teach-

ing strategy. .

*See discussion of errors in section 1.3.6, 1.4, and 1.7.3,
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(i1) It is necessary to find ways other than oral diééussions to
obtain and maintain students' interest for at least ten ses-
sions of group work. |

(iiij It is necessary to find ways to teach the difference between
a conditional sentence and its converse.

(iv) Some fourth graders are able to learn how to judgera conclu~
sion based on simple conditional logic inferences, and
moreover they are able to express, in a clear way, their

reasons for their judgment.

2.3 Unit Development - Experimenter's Work with Small Groups

2.3.1 Albany, Spring 1974, During May 1974 a group of three boys

and four girls, all fourth graders, met fér four weeks with the
experimenter, twice a week for an hour. In the first and last
meetings with this group an early version of experimenter-developed
test* was used as both pretest and posttest; both tests were
presented as boys vs. girls contests. The teaching program as a
whole was not planned in advance, but rather on a session-to-
session basis, using the experience learned in.one session to plan
for the next oné. This allowed for high flexibility in exbloring
various teaching techniques and group work organization.

Attribute blocks (Elementary Science Study) and the coléredf
light switch box mentioned earlier were used as manipulative aids.
Negation was gradually introduced into the examples.

In principle the order of teaching was based on introducing
the logical forms one at a time, starting from MP, then adding AC

(first two sessions), then DA (third session) and MT mixed with DA

*See section 3.1.2, page 90,
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(fourth session), and finally integrating all four forms in the
last two sessions.

The names MP, MT, AC, DA were not méntioned, Nnor .were any
syntactical considerations except those Hiscovered-by the students.
Students never discovered the algorithmic solution, i.e., the rela-
tion between syntectical structure and right answer for an item as

mentioned in section 1.3.8.

2.3.2 Basic lessons learned from this experiment, . e

(1) The method of introducing the logical forms one at a time in
the order mentioned above was found less satisfactory in
view of the high inferest provoked in the last two sessions
when all four form$ were integrated.

(ii) This group of students seemed to enjoy most competitive
games where one team challenged the other with its puzzles.
This became a final part of every session in which at least
twq different logical forms were discussed.

(iii) The use of attribute blocks was found unsatisfactory because
oflprior use by the students and the remoteness from redlity.

(iv) All Seven students made considerable progress from the
pretest to the posttest (from 41{5% to 57.5% right answers);
Several items in the test were found misleading and later
were changed (see section 3.1.2, 311.5).

(v)> Students were confused by MT items. This led to a search
for aétivities to introduce the distinction between a condi-
tional sentence and its contrapositive. Consequently parts
of Playing Cards activities and the Numbers ana Their Pro-

perties activities were developed.
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2.3.3 Berkeley, Summer 1974." During two weeks in July 1974 the

experimehter met, for one héﬁr daily, with.ten students goinguinto
the fifth grade the following September. This was part of their
summer school program at Berkeley, California. Students again
were pretested and posttested., Right from the start, all four
forms were introduced through examples with no explicitrdistinc-
tion among logical forms. It was hoped that some students would
eventually discover syntéctical differences and common features
among certain problems. In fact four students did, and one of
them even sensed the algorithm, even though he was unable to Qer-
balize it properly. He got 31 out nf 32 right answers on the
posttest, and his r;;song were mostly syntactical, for example
he once said: V"It's the other way around here, see the second
line? 1It's like the end up there' (meaning the second clue is .
the same as the consequent of the conditional sentence) "so it
(the answer) can't Bé yes and it can't be no, because...'" and
here he started to relate tq‘the content. A |

The lessons learned from the previous experiment were incor-
porated into the teaching in this experiment. Materials developed
between the two experimental teacging'cycles (see section 2.3.2)
were tried out and new ideas were brought up for modifying, extend-
ing, and replacing'the old ones. Once again a flexible plénning
of the sessions allowed a great deal of experimentation, and the
small size of the group allowed for cloée obserQation of these
children's reasoning procéss S

The basic mistake stuuents made seemed still to result from
their inzbility t+ separate the converse froﬁ the given coﬁditional

sentence and, as ¢ result, they assumed that given p + q it was
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impossible to get not-p and q in conjunction.

2.3.4 Basic lessons learned and further development.

(i) Because students reacted negatively to paper and penci: work,
this kind of work'wés reduced and whenever unconnected to |
activity, postponed to later parts.bf the unit.

(ii) A need for an attractive way of demonstratingmthatyp > é
excludes -- p and not-q -- and only it, was recogﬁiied. As

a result Pictorial Activity was developed.

. (iii) Students reacted favorably to manipulatives.. A need for

more actiﬁities with a game atwmosphere was recognized. At
the same time it was still desirable to enrich the unit with
more.examples of realistic situations where the four iogical
forms cou1d.be carefully used. Consequently the Electric
Cards activities were deﬁeloped.

(iv) Dominoes activities were déveloped to answer the need for
demonstrations of the independence of a sentence and its
converse.

(v) In late August 1974 after the additional activities were
developed, a first draft for the teachers manual was written
based upon the experimenter's notes during the Albany and

Berkeley trials.

2.3.5 Fall 1974, Lawrence Hall of Science. Onée'again the

experimenter worked with a small group of children, a mixed age
group (7-11) this time. -They met once a week for an hour and a
half for eight weeks. This was an afternoon course, open to the Ao

public, given at the Lawrence Hall of Science at {.C. Berkeley.
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The purpose was to provide Aemonstrations of the use of the experi-
mental unit to teachersﬁof the pilot-study which occurred simul-
taneously at Albany, California (see section 2.4). Unforéunately
the teachers.did not use this opportunity. It should be noted,
however, that only half a session each time was devoted to the
experimental unit and the other half to some other popular games.
After all, students'at tﬁis age group would not be expected to
maintain intérest in one subject for an hour and a half. The one-

-

week time lapse between the twé succeséiveumeatingé was a great
disadvantage to confinuous improvement. «

Most of the studeﬁts weré of high potential so thapideSpite'
the -long and discrete nature of.thé meetings and despite age

differences their posttest scores were the highest obtained in

either the pilot study ‘or the main study.
? <

2.4 The Pilot Study - Teachers Conducted Teaching

¢

2.4.1 The sample and how it was secured. In August 1974 the

superintendent of schools in Albany Unified School Districp,
California, granted permission to conauct the pilgt study in this
district provided that teacher cooperation would bé voluntary. He
also agreed to grant three quarter-unit in-service district credit
to each participating teacher who ran an experimental cldés.

Three weeks after the school year had"fesumed, two principals
called a gpecial fourth grade teécherS»district meeting. Five
teachers attended; two agreed to participate in the pilot study.

The other three agreed to let the experimenter pre- and post-test

their classes for contrel, so that all the fourth grade teachers

\
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in the district participated in the pilot study either as experi- °
mental-group teachers or as control-group teachers. Among the |
teachers, three were males (one experimental and two ¢ontrol-class
teachers), and two were female, (one experimental and qﬁevcontrol-
class teachers). The two ?xPerimental-classes were i; different
schools. For one of them a control class existéd iﬁ the same
school. The other two control classes werenin a third school. All
three schools are situated about a mile aparf.

Albany is a small community in the San Francisco - East Bay
Area. It is populated mainly by middle-class fahilies and families
of graduate students of the University of California, Berkeley,
There were 49 students in the two élasSes of the experimental
group and 75 students in the three classes of fhe control group.
Procedures and results of the pretests and po;ttests are given in
tables 3.1 and 3.2 of Chapter 3. The remaindér of this section
details the historical account of the pilot study, the problems

encountered, and lessons derived.

2,4,2 Teachers' training. 1In the present study teacher training
was consistent with the following recommendatiops of Suppes and
Binford's (1965) that: .
"It is probabiy essential that this teacher training program
be very closely geared to the actual program of instruction
the teacher will follow in the classroom."
The experimenter spént one session of one and a half hours
after-school time and five 30-35 minute sessions duriné'lunch time
with the fwo fourth grade experimental class teachers,; Teacher;

were reluctaﬁt to meet after school and on weekends, fOther school

programs like swimming and field trips prevented freqﬁent lunch

-
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time meetings. So the training period lasted three weeks. The
teachersiwere presented briefiy with each activity: Electric
Cards, Dominoes, Pictorial Activity, Playing Cards, Numbers and
Their Praperties, Colored Light Switch Boérd, an& Prepare a Quiz;
In the third meeting the experimenter realized that the teachers
were becoming less interested in the preparation and were eager to
take the risk and-start teaching on a daily planning basis. There-
fdre,'rather than wait for the teachers to discover the algorith-
mic solufion (section 1,3.8) it was shown to then but with instruc-
~tion that the students_should be allowed to come up with it-by

N :
themselves. If the students do not, the algorithm should not be
given to them. It Qaé-ﬂgg é part of the teaching they were ex-
pected to do. The need to obtain the students' arguments along
with each answer was also repeatedly clearly stated,

At the fourth meeting a copy of the first draft of the
teachers manual was ﬁanded out to each of them and they ;ére asked
to do some reading. But they did very little. As abfesult, the
teaching period started with insufficient mastery of the subject
matter by the teachers’ and their insufficient acquaintance with
the experimental unit as well. Starting from the second week of
teaching the experimenter prepared a weekly plan in a written
form. Each week‘s plan included details for each of the four
periodé expected to take place in that week with reference to the

teacher's manual. This plan was partly previewed every Friday in

the half-hour staff meeting (that took place during lunch time),

2.4.3 The teaching period. The teaching period started with a

pretest on October 21, 1974, and ended in a posttest on November

98
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25, 1974, altogether 5 weeks, each of four 30-40 minute class

periods. (For the tests see section 3.1.) The schedule of

experimental class during every period of feaching of the experi-
mental unit. Most 6f the times the teacher took .the major teach-
ing role and'the experimentér was his/her aide. A few times in
each class, when the teacher felt particularly unprepared or
insecure, the experimenter took over and switched roles with the
teacher.

Classes were occasionally visited by outside observers who

were invited by the experimenter to give some objective feedback.

2.4.4 Méin lessons learned from the pilot study. Throughout the

' : classes was planned such that the experimenter was present in each
teaching period there was a natural tendency by the teachers to
deal more with AC and ﬁA cases than with MP and MT cases because
the former caused more trouble whereas thevlatter were answered
succeésfully most of the time.

Posttest item profile compared with pretest one (see appendix

7.3 for profiles) show a shift to "not enough clues'" in wrong

and right answers pattern. Results showed a small regression in

the ability to apply MP and MT (see table 3.2, page 103) where

most of the wrong answers in the posttest for these logical types

were "not enough clues," instead of either yes or no on the pre-
’ ' . test. This indicated an overlearning of the legitimacy of '"not
enough clues" as an answer,

The main lessons ‘learned from the pilot sfudvaas that the
first draft of the teachers manua. was completely unclear and that

there was a need for a more systematic and carefully planned
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pretraining workshop for the teachers.

As a result, the teachers manual was rewritten, integrated

’

into the manual were many details apdut gimics and games piiot
study teachers had used to attract their classes, dialogues to
illustrate how to deal with wrong-énswers, and samples of tharts
successfully used By'the teachers during the pilot study ksee
appendix 7.1), Objectives and administration procedures for each
set of activities, including time planning suggestions, were also

included in this manual.




CHAPTER 3

THE INSTRUMENT OF MEASUREMENT

Chapter Overview

Section 1.7.1 summarizes the objectives of this study, and
sections 1.7.2 and 1.7.3 present the basic hypotheses. To measure
the exteﬁt to which £he objectives were fulfilled and to test the
basic hypbtheses, a test of 32 items was developed.

This chapter discusses the principal ﬁroblems of developiﬁg
the test (section 3.1) including difficulties faced in developing
equivalent versions (section 3.1.3). It describes the final form
of the instrument, its validity and reliability (sections 3.2.1
and 3.2,2). The last part of the chapter giVes the procedures
used to administer the test along with some precautions taken

(sections 3.2.3 and 3.2.4).

3.1 Development of a Test

3.1.1 Limitations and relation with previously developed tests.

(a). In relevant literature one finds a distinction in the content
of conditional reasoning problems between ''causal relations' and
"class inclusion' (O'Brien 1971, 1972; Roberge 1969, 1970; and
section 1.4.6, page 39). Such a distinction is vague because any
content in which causal relations areAembedded can be expressed in
terms of class inclusion. For example, even though the statement
"If you enter the sea, you'll get wet' sourids completely causal,
it can be interpreted in the following manner: ''the set of events

of your entering the sea is a subset of the set of events of your
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getting wet." In fact one often says, "Whenever you enter the
sea, you get wet," which already has a class inclusion flavor.
Since the distinction is not well defined, it was difficult to
consider the distinction in constructing test items. Still in the

‘test, about half the items have an embedded causal content, and’

"half have a predominantly class-inclusion content (according to

the subjective judgment of the researcher).

(b). All items are written in English and express content
assumed to be familiar to fourth and fifth graders in California.
This notion of "familiarity" gives rise to another ambiguity
discussed in fhe literature, namely the distinctioﬁ between fac-
tual content and a non-contradictory hypothetical content. Actu-
2lly the two concepts differ only in the relative size of a rele-
vant model that a reasonable student may readily have in mind for
interpretation of the sentence. (The word '"model'" is used here in
the sense used in logic, i.e., a universe in which the sentence
becomes true.) To illustrafe this point consider the sentence:
"If the car is shiny, then it is fast'", taken from O'Brien's studies.
The collection of shiny, fast cars is one of many models for this

sentence, because for this collection the sentence is certainly

true. So if our children were living in a world where only shiny,

fast cars existed, tﬁat sentence would be factual for them, How-
ever, for a Californian chi}d this is not only a hypothetical
sentence but also contradictory, in some sense, to his everyday
experieﬁce with fast cars which are not at all shiny. It was not
the purpese of this study to teach children to deal with hypotheti-

cal situations for which it is difficult to imagine a model or to
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test the extent to which®they are able to do so. Therefore, items
based on sentences like the one in the example above were omitted
from the test.

The following is an example of a sentence which may be factual

for some people but hypothetical for others. Consider the sen-

.tence: "If he has a driver's license, then his age is at least

sixteen." It sounds factual to a Californian, but on second
thought one may realize that this is not necessarily a fact
for residents of some other country; other parts of
the world may have lower age limits for obtaining a drivers
license. Nevertheless, sentences such as the one abcve were con-
sidered to have familiar content and therefore as being legitimate
in the test. |

So the diétinction between factual and hypothetical content
is also not entirely clearcut. In the test, an effort was made
to limit items to tﬁose made up of conditional sentences the con-
tent of which éeemed (to the experimenter) to be reasonable for a
nine to ecleven year old Californian child. An effort was made to
select items of content that were easy to picture, familiar, or
described in previously learned terms, without distinction between
a factual and hypothetical content. - By no means would any iten
have a content contradictory to experience. The words "eaéy to
picture" refer to sentence: which a child of nine to eleven may.
have used before, or have heard in a natural conversatioh, and for
which the child can easily devise a concrete model in which that
conditional sentence holds. The next example is intended to

illuminate this last point.
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For children whose mothers are working it was difficult to
accept the foliowing sentence: "If George is sick today, then his
mother will stay at home with him." Their first reaction was,
"What if she has to go to work?" Still this sentence was not con-
sidered contradictory to experience even for those stadents, for
it was congidéred that they could, without too much difficulty,
imagine'a suitable model. The same is true for: '"If someone
plays too much football, then he does not do enough homework."
This sentence may raise emotionai objection in some children;
however, it was not regarded as one contradictory to experience,
nor as one for which it waé hard to imagine a = lel.

(c). It may happen that immediate experience removes the
student's mind from a given item. For example, the puzzle: "If
it is raining, then it is cloudy. It is not cloudy. 1Is it rain-
ing?", has a negative answer, which may contradict realityvon a
rainy day. All efforts were made to avoid items that cduld lead
to such situations, but because we dealt with €amiliar content,
this effort may not have been entirely successful.

(d). To build a 1ist of items, conditional sentences were
taken from previous studies (Hill 1961, Miller 1968, Carroll
1970) and modified or changed according to the limitations stated
above. They were also carefully checked so that the content of

each conditional sentence would not suggest its inverse (or con-

¢

verse). For example, Hill's (1961) sentence, "If Ann is at school,
then she is the leader today," was omitted because the truth of
its inverse -- "If Ann is not at school, then she is not the

leader today" -- may be inferred from the original sentence, as .

~ | | IVE:! '




Ann couid clearly not be the_leadér if she did not come to school.
Since the original sentence functions as a biconditional sentence,
it lea&s to a justifiable yes or no answer of AC or DA items built
from this sentence, which would be counted as incorrect if the
sentence is counted only as a conditional one. The same is true
for the folloﬁing example of Miller's (1968): "If Harry finds

his meal ticket, then ﬁarry can eat his lupph." This sentence,
even though it does not logically imply its inverse, is very likely
to suggest its inverse to many students who Have experienced a
lost lunch card, without having had money to purchase one, and
who therefore had no lunch.

It is particularly difficult to design sentences that do not
suggest their inverse in the '"-+'" negation mode (If not..., then
...), because in ordinary language this mode is usually used for
dichotomious situations. For examplé, "If you do not feel all

right, you should see your doctor." Obviously, if you are all

‘right you do not need to see your doctor. Suppose, now, we in-

clude an item like this in the test:
Clues: a. If you don't foel all right, then you should go
see your doctor.
b. You feel all right.
Question: Should you go see your doctor? .
A child using his common sense (along with logic3 will answer --
no. For the child will see no need to see his doctor if he is all
right (even though, in fact, he may need to see him for some other

purpose). So the logical answer -- not enough clues - is unlikely

to be used even hy the good logical thinkers, because in addition
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to the_given information they use some implicit knowledge that the
content suggests. ‘

The last example is also in the "'-+'" negation mode: If
he is ﬁot here, then he is there.ﬁ Now, if we are given that he
is heré, the common-sense answer to the question: "Is he there?"
is "no.% But,‘this conclusion does not follow logically from the
first cénditional sentence and the second given clue, but from the
hidden information that no one can be in two diffefent_places at

the same time. In other words the first conditional sentence is

known to be a biconditional, because its inverse -- if he is here,

then he is not there -- is always true. We can't expect children
to igndre this knowledge and rely just on the logical validity of
a conclusion,‘whenttheir experience adds more ihfbrmatiqn-thap is
explicitly given in an item. It is in fact a general goal in
education that, in fhe process of problem solving, a student;!ill
associate relevant knowledge and relate it fo exPiicitly given
data. It is surely not the purpose of this study to destroy this
intuition. For thislreason items such as the above wefg regarded
as misleading and werg not included in the tést.

i

It should be notéd, however, that as long as we do not deal

¢

with content-free iteTs, problems of content are confounded with

those of logic, and w% can never totally avoid confusion caused by
coﬁtent, as in the abéve examples,

(e). As mentioneé in section 1.3 (page 18),.the immediate
goal of the study did;not involve quantificational logic, or sen-
tences containing fr¢e variables. However, in ordinary language,

very often the use gf free variables implicitly quantified; pro-

) o ’ .
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vides the natural way of expressing a-general,rule. No effort to
avoid such items was made. For example the following item was
classified as MP, even though its second clue is not exactly the
antecedenf of its first clue but a particular case of it:
Clues: a. If a student does not finish the aésignment, éhen
the student has to stay after school.
b. Laura did not finish her assignment.

Question: Does she have to stay after school?

Finally, it should be admitted that criteria‘for including a
Eertain item in the test were based more on intuition and careful
examination of content than on definitions relating to the above
ambiguities., Revisions of the initial test version were designed
to increase’the internal consistency of the test using an item-

analysis technique which is described later on in this chapter,

3.1.2 FEarly versions and revisions, The test consists of 32

items. Each item contains two clues, one a conditional sentence,
the other a statement, followed by a question that is never fg;z//
leated with negation . Subjects mark their answer with/gp/“i"
to the left of the alternative they select from thi/gn§aers pro-
vided: Yes, No, and Not enough clues. (See g;sé/hotes about
administfation, section 3.2.3). The fo}}oﬁiﬁg is an example of
an item: /

Clues: a. If gheir car’is'npt in their garage, then they

are not hqmé.
b. Their car is not in their garage.

Question:  Are they home?

() Yes () No () Not enough clues
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Nofice that the questions are always stated ﬁositively, to avoid
confusion which a negative question may raise. For example, if
instead of asking "Are theyAhome?" the question was '""Are they not
home?" some people would still éﬁswer "no," meaning ''mb, they are
not home,'" namely using the no answer to reinforce the negation of
the question rathér than to negate it. In ofher words "Yes, they
are not at home'" and '"no, they are not at home' have the same
meaning, even though from the strictly logical point of view a
'"no" answer to the negative question would mean 'No. 'They are
home."

_fn the format of an item, where the question is stated posi-
tivelyv(s¢e example above), the logic required to arrive at the
right answer (no) is slightly more complicated than a simple appli-
cation Qf modus poﬁens. For, after inferring by Mé that they are
not at homé, one has tOﬁrefer to the question -- Are they home? --
and give the answer: No. A second format was considered to
purify the.logic. 1In this second format the very same item would
look 1like this:

Clues: a, If their car is not in theif garage, then they
are not home.
b. Their car is not in their garage.
Question: . Which of the following sentences is therefore
correct?
(1) Their car is in their garage.
(2) They are home.
(3) They aée not home.

(4) Not enough clues to decide.
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Despite the purer logic involved in answering the question in this
:format, it was found unsatisfaetory for the following.reasons: It
requires much more reading; 6ne of the alternative answers always
contradicts the second clue (in this case the first one doeé); The
'*;anSWer is remote from the clues, making it harder.tq relate the
clues to the eonclusion; The phrasing on the whole is much more
awkward than in the previous format. Later on, Paulus' (1967)
‘format wes coﬁsidered. In his test he presents the items -in the -
following way:

Suppose you know:
a. if their car is not in their garage, then théy are not home.
b. Their car is not in their garage.

Then would this be true?

They are not home.
The objections to this format included ones similar to both dbjeé-
tions to phrasing of the negative questions and objections to the ‘

-second format, Therefore the f1rst format (page 90) was used,

"The 32 conditional sentences were chosen so that there were
eight conditional sentences of each negation mode (++, +-;4-+, -=).
In each negation mode, two items were then constructed for eaéh
logical forh (MP, MT, AC,‘DA) by adding a second sentence that was
eitherpfhe antecedent or the consequent of the conditional sen- :
tence, or the negation of the antecedenr or consequent, Thus,
altogether eight items are obtained for each logical form and of |
these eight,;twe had the same:negétion mode. Such pairs, agreeinggw

both in logical form and in.negation mode, wilizbe referred to as

type-mates. (See table 3.4, page 108, for type-mate items,).
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Each item is a three-choice question. Since for two of the
four logical forms the coffect ansWef is "not enough clues," the
number of items correctly answqred by "yés," "'no," and "not enough
clues" is eight, eight, and sixteen, respectively. The items were
randémly ordered by blindly taking a numbered égrd from an urn bf
32 numbered cards, without replacement.” If four consecutive items
cﬁosen this way had the same logical form, the fourth one was put
back and a new card drawn, "

A reﬁision of the first version of the teét was made after
admini§tering it fo 42 fourth graders in Albany, Califorﬁia,v .
during Aprii 1974, The revision was based upon analysis of item-
scores within logical fbrms. Any item that scdred inconsisteptly
with its type-mate, or whose scoring seemed exceptionally different
from all other items of the same lbgical form, was changed or |
replaced to increase internal consistency within logical forms,
still keeping in mind the expected effect of negation mode. Read-
ing difficulties, such as.ﬁn reading the word "judo" or the namé
"Marian," were discovered through students' request for help, and
also led to modification,of test items, Tb Separaté the question
itself from the clues given as the baéisvfor the/answer, the two
clues were numbered and the word "Question" was added before
the question. The need for suéh change was realized throggh admin-
istration of the test. |

Results of thé test showed that studeﬁts very rarely used
"th enough clues" as an answer to any of the questions, It
wias felt that they might be reluctant to use it because they

interpreted this answer.as an admission of their own personal

1:0
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inability to §ive an answer rather than as an assertion of the
logical indeterminability of a definite answer to the question.

It was hypothesized that this confusion might be reduced by adding
examples in the introduction of the test.

To test this hypothesis two revised versions of the fest were
administered to a second group of 30 fourth-graders in Albany,
California, in late April 1974. The two versions were identical
except for their introduction. In one version there was a desc?ip-
tion of item étructure and answéring procedure with no example.

In the other version, in addition to that description, two examplé;
were given, one of which has '"No' as its right answer, while for
the other one "Not enough clues'" was right- (see appendix 7.2). A
brief explanation was givenvfdf each énswerfto the introductory
questions, Students were randomly assigned to the two versions.
The analysis of the results showed that students who took the ver-
sion with examples wereiless reluctant to use '"Not enough ‘clues"
as an answer. On the average they used it in % of the cases
(eifher“rightly or wrongly) compared ‘to only in <1 of the cases

16

for the group who took the version with no introductory examples.
Total test scores'were'higher (hoLever, not significahtly‘so) for
the version with éxample; ihaﬁ for the version without examples.
Introductory examples, fherefore, seemed to give a better explana-
tion of the answer ""Not enough clues'" than just a verbal descrip-
tion of the possibility of that answer applying. However, the
need for further learning of the ldgic behind the use of that
answer remains. This improvement of the introduction may increase

pretest scores, and thereby avoid inflated pretest - posttest-gain

scores unduly attributed to the treatment effect.
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It should belkept in mind that questions without a definite
answer occur very rarely in the regular school curricula, and so
vlearning that 'not enough clues'" is a legitimate answer is an
achievement which should not be underestimated. Obviously,
however, the purbose of this study goes much further. Beyond the
learning that there may be insufficient information to answer a
given question, the study was designed to improve the ability to
"use logical analysis.”

The form of the test with exampies in the intioduction was
used in all experimenter-conducted teaching phases of the develop-
ment of the éxperimental unit,_described in Chaptqr 2. 1In all tﬁe
trials, administration of fhe test lasted no more than 35 minutes;
including at most ten minutes for the introduction. This was con-
sidered reasonable for the attention span of students at that age,
and consequently no change in the length of the test was made.

The next step in the developmént of the test was to obtain
equivalent versions for use as pretest and posttest., This effort

presented a formidable problem.

3.1.3 From one test to four equivalent tests. The study was

originally planned as a time-series study. Each student was to
be tested fdur‘times and introduced to the‘experimental unit be-
tween the second and third tests. This design was iater simpli-
fied, mainly because experience with jﬁst pre- and post-testing
led to the suspicion that taking similar tests repeatedly four

times would significantly decrease student interest. In conse-

*For a discussion of the extent to which this was achieved, see
section 5.5, page 160. . :
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quence, the number of random answers in the third and fourth
tests, along with an effect of leafning just»from the tests, would
jeopardize the results of the experimental teaching.

Another reason for limiting the final design to two tests was
the difficulty experienced by the experimenter in developing four
equivalent tests., The following is a description of this effort:

(a). Equivalence based on negation’modes. Given any two

statements, p and q, one can construct four conditional statements,
different from each other in their negation modes, by negating
either p or q or both. 1In this way one gets "if p then q;" "if p

then not-q;" 1f not-p then q;" "if not-p then not-q." It would

appear natural to use this fact to obtain four equivalent tests by

constructing an item of ideﬁtical logical form for each &f the
four negation médes and putting one of them in each of the four
tests. For example, by adding a secoﬁd clue which matches the
antecedent of each of the four negation modes, one gets four dif-
ferent MP items. To obtain the right combinatidn of negation
modes within logical types in-each test, one could then permutate
the order of'assigning items to tests. Even though this approach
appears to be very clear and elegant, it involves tremendous com-
plications wﬁen meéningful content is considered. It is extremely

difficult to find conditional sentences that are meaningful in

-all four negation modes, It happens often that only two of the -

A
four negation modes make sense, usually the two are either

p*4q, -p>-qorp~>.-q, -p~>q.*

*See also discussion of contrapositive transformation later on in
this section for further difficulties.

1:3

96




Even if 32 conditional sentences were formed thch did make
sense; and did obey all the limitations discussed in section 3.1.1
and 3.1.2,.obviously the four tests obtained by this method would
not have item meaning preserved. Because the intent was to come
as close as possible to a content-free measure, so as to separate
out content influence, a set of four tests having this deficiency
would be unacceptable, and deemed not to be equivalent forms,
even before giving them a field trial. Even though as measuring
instruments each of them may be valid, because each is a direct
measure of the objectives, their results would not be considered
comparable,

(b). Equivalence based on logical forms. Because operating

on the conditional sentences was found unsatisfactory as a way of
producing variant questions, operating on the second clue of each
item was considered. Here again there is a natural way to obIain‘;
four different items by constructing four items of different
logical types based on a single conditional sentence as a first
clue. The méthod is to add as a second glueveither‘ifs antecedent,
or its consequent, or the negation of one of these. One of each
éet of four items obtained in this way would then be assigned to
each of the four different tests. Each of the four tests would
then consist of 32 items which are identical in their first clues
(i.e., the conditional sentencej. However, this should not be
misinterpreted as meaning thét the four.tests are item-equivalent.
The logical considerations whigh enter aﬁ MP or MT logical form
item are completely different from those entering AC and DA items,

even where they are all based on one conditional sentence, It is
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true that an application of MT is nothing but MP applied to the
éontrapositive,:just as MP is an application of MT to the.contra-
positive. It is also true that AC and DA are’'similarly related.
Howeﬁer, there is no way by which to relate MP (or MT) to AC (or
DA). True, both MP and AC are affirmative in character and both
MT and DA héﬁé denial properties, but these features are logically
irrelévant, and must be considered artificial relations which may,
at most, have something po do with Sells! athSphere effect.*

It is unreasonable to assume equivalence of items paired on this

. basis, So again, even before considering a field trial the use of

four such tests was rejected for lack of grounds to‘hypothesize

- their equivalence,

(c). Mixed order by type-mate interchange. As was prévibusly

mentioned, the test consists of 32 randomly ordered items in 16
pairs of itentical type, where type-mates have the same lqgical
form and negation mode. The easiest and obviously the safest way
to obtain an equivalenf version of the test wodld be by inter-

changing the place of type-mates. This procedure preserves the

order of right answers as well as the order of item types, and of

course it preserves item-by-item content, If the original form
had a high internal consistency, the mixed order version has a
high chance of preserving split-hzlf reliabilify provided the two
halves consist of one item of each pair of type-mates. This is
because the two halves would be identical for the original and
the'%ixed order version. Also, any deviation from a perfect test/

re-test reliability, using the other version in the retest, must

*See_sectioh 1.4.4.
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in this case be attributed to an,errof extgrnal to the test itself,
The possibility of students memorizing pretest items was con-
sidered. This problem was determined to be insignificant because
of the large number of items and the big difference that a change
in one word would make.
For a given test T; T' will denote a mixed order version.
The mixed order transformation reduced the need for the number of
equivalent tests from four to tﬁo. Out of each test, the mixed-
order version would then be obtained, and altogether there would
again be four,

(d). Transformation by contrapositivés. Given a test of 32

items of the structure described in section 3,1.2 (page 90) one‘
can express the conditional sentence (the first clue) of each item
in the contrapositive way namely, "if a then b'" will become "if
not b, then not a'" , and keep the second clue and the question
unchanged. For-example, an AC item may originally say
Clues: a.. I. it is rainy, then it is cloudxt
B. It is not rainy,
Question: Is it cloudy?
Its image under contrapositive transfotmation will then be the DA
item saying:
Clues: a. If it is not cloudy, then it is not rainy.
b. It is ﬂot rainy.
Question: Is it cloudy?

This transformation obviously changes the amount and place of

negation in any item, but formally preserves the content, at least:

as far as its truth value is concerned. Therefore the right

1i6
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answers are preserved also. Practically, howeﬁer, formuletion of
contrapositives leads to a severe grammatical problem with tenses,
for English grammar requires no future tense in the antecedent
Most often thlS makes the contrapositive expre551on‘very awkward
and less clear. E.g., "If you don't clean your room, you'll not
get your ailoﬁance," will be transformed into "If you get your
allowance, you'll clean your room.'" It may also be noticed that
this transformation aoes not preserve the logical-form of items
because it interchanges the logical forms MP and MT, as well as
the forms AC and DA. To avoid these grammatical difficulties, the
idea of transformlng Just logical types was reconsidered. This

idea is dlscussed below.

(e). Transformation of logical types. Part (b) of this sec-
tion discussed the difficulties involved in eesigning four equi-
valent tests based on systemati¢ variation of the logical fo}m.
Since only two versions were now needed, two possible pranéforma-
tions on the logical type were reconsidered. In both versions the
conditional sentence of the transformedeitem remains unchanged,
and tie logical type is changed by operating on the second clue,
and by modifying the QUestion accordingly. Theseifransformations
accomplish the following'interchanges:v

(i) MP <> AC; MT <> DA

(ii) MP <> MT; AC <> DA
In (i) an item with a definitc answer is changed into one with an
indefinite answer item and vice versa bué the effirmative_charac-
teristic (or the denial characteristic) of the second clue is kept,

and in transformation (ii) it is the other way around. Arguments




similar to those which appeared in part (b) of this discussion
concerhing methods for creating four equivalent testS Based on
constructing four items of differént logicai types from one con;
ditionél sentence, led to a preference for transformation (ii).
Using this, a second vergion of'tﬂﬁ test was obtained. These
versions will be referred to as T;, T,. A copy of each can be
found in Appendix 7.3. Ty, T, were tried out in the pilot study
with the hope that they would prove equivalent; then, by type-
mate order interchange of each, four forms would be obtained. The
extent to which this hope was realized will be discussed in the

next section,

3.1.4 Field trial of two equivalent versions. The two versions

Ty, T, mentioned in the last section (see also appendix 7.3) were
-\ . .
used for measurement of students' progress in the pilot study,

The pilot study itself wasdescribed in section 2.2.4. In each

_ class students were randomly assigned to the test versions by

handing out the same version to every other student so that two
neighbors always received different versions. Those students who
had T; for their pretest got T, in the posttest, and vice versa,

By this method each class was randomly halved. The éwo halves

will be referred to as T;-T,, and T,-T;, according f6 the pretest.;

posttest versions order. Had the two halves performed equally

well on the pretest and equally well on the posttest in both

treatment groups (those who got instruction using the experimental
unit between tests), and in the control group (where no exposure to
the experimental unit was given between tests), the equivalence

of the two forms and the reliability of each as a measurcment

1:8
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would have been established, because this would have shown equal
pretest to posttest gain score no matter which version was used.
Such a validation procedure is based upon the assumption thaé the
two halves in each class are equivalent due to the randomization.
It turned out, however, that this assumption was not quite realized
-- at least not as far as math and reading achievement scores were
concerned. The following table shows fhe students' level of
achievément in these regular school subjects as determined by the

results on the CTBS tests taken prior to the study.®

Table 3.1 Percentage of Pilot Study Subjects
in CTBS Reading and Math Levels

Reading , Math
Group Level ' , ‘ B
T,-T, T,-T, T,-T, T,-T;
High 37.5 48.0 37.5 31.6
Experimental
n(T,-T,)= 24 Medium 50.0 28.0 - 45.8 - 47.4
n(T,-T;) =25 } -
Low 12,5 24,0 16.7 21.0
IL High 34.2 27.1 31.6 37.8
Control :
n(T,-Ty) = 38 Medium 34,2 32.4 47.4 29.8
n(Tz-Tl) = 37 -
Low - 31.6 40.5 21.0 32.4.

- .

The above data would not refute the assumption of equivalence

of the two. tests, if performance on the tests showed a great simi-

larity between the T;-T, and T,-T; scores. They would, however,
" rule out the possibility of validly drawing any conclusion about

the equivalence of the two versions, in case the T;-T, and T,-T;

scores came out rather different from each other. Table 3.2 gives

*CTBS is the’Comprehensive Test of Basic Skills, see bibliography.
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Gain - .7 -~ .4 ' .1 .1

Pre 5.6 5.5 5.7 5.7
MI  Post 4.9 5.1 5.8 5.8
AC  Post 4.5 5.2 2.2 2.2
Gain 2.6 3.5 .8 .5

Pre 2.5 1.7 1.7 1.6
DA Post 5.1 4.9 1.7 - 2.8
Gain . 2.6 3.2 .0 1.2

Pre 14.8 15.0 '15.6 14,7
Total Post 20.3 20.5 -~ 15.7 16.6
Gain 5.5 5.5 .1 1.9

pretest, posttest, and mean gain scores of the total test scores,

l\ 4
o ' Table 3.2 Pilot Study Mean Scores by Versions Order |
. : !
-— _ f
EXPERIMENTAL CONTROL |
: | z 5
, Logical T-Ty Tp-Ty . T)-T, Tp-T) |
: form n= 25 . n=24 n=38 n = 37 ]
‘& L _
o 6.4 6.1 6.3 5.8 A
MP 5.7 5.2 6.0 5.8 :
- .7 - .9 - .3 .0 ‘
. I
Pre 1.9 1.7 1.4 1.7
as well as the subtests scores, according to T,<T,/T,-T; for the
expeXimental and control groups of fourth grade classes partici-
pating\ in the pilot study.
As follows from the discussion above, and from table 3.2,
equivaience of Ty and T, was neither established nor rejected by
the pilot study. This is because on some parts performances of
the two group-halves were not equal for either the experimental or

the control group. Consequently it was decided to use a revised

T, and its mixed order version (see section 3.1.3) as the instru-




ment for the principal study.

3.1.5 Final rsvision. Item profiles for each of the 32 items of

T, were prepared by counting'the nhmber of yes/no/not-enough-clues
answers givea on the pretest by T;-T,subjects, and on the posttest |
by T,-T; sudjects. The proflles themselves are given-in appendlx
7.3. Within each logical form, profiles of type-mate itm.. were
compared with one another both for the experimental and the control
groups. When an inconsistency was found; the pair of items was
réviewei, and modified wherever this Teview yielded a reasonable
explanation for the gap. These modifications will be discussed
in detail in the rest of this section wup to the last_péragraph,

where modifications of th% test outlook are described'.u

Table 3.3 Fiﬁal Revision of-the Test

Item was ' changed to Reason for making
: : the change

3 |If the sun is not [If the weather is| Makes the;content more
shining, then... |not warm, then...| realistic

3 |Will Cindy go Is Cindy going Content ;interfered
swimming? to swim? with lagic. We can't
' tell whether in the
future Cindy will or
will not go swimming,
because weather may
change.

5 |If Laura's desk If Sue's desk is ‘Reading difficulties
is not straight- }not cleaned up...| discovered through sub-

tened up... E Jects' questions,

8 | If there is a If it is a holi- | Content interfered with
| holiday next Wed- | day, then the reality. There may be
’ nesday, then the library is not a holiday on the Wed-
| library will not |open. The 1i- nesday following the

be open. The 1li~ |brary is open. test.
’ brary will be open| Is it a holiday?
next Wednesday. Is| (No) '

there a holiday
next Wednesday?

(No)

(continue)
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Item

was

changed to

Reason for making
the change

11

13

14,27

14

18

22

26

3 tiOﬂ, theno .e

If the wind does
not change direc-

If Jack is not in
the race, then
Joe's team will.
win. Jack is not
in the race. Will
Joe's team win?
(Yes)

...Janet does not
come home in time.
Are her parents
worried?

.If the wind does

team will win. Jack

not change, then...

If Jack is not in
the race, then his

is not in the race.
Will his team win?
(Yes) -

...Janet did not
come home in time.
Were her parents
worried?

Better clarity by
shortening and sim-

plifying the sentence,

Need only think about
one team instead of
two L]

Also, content
fits reality better
this way.

Better English in

making second clue a
particular case rath-

er than a general
one.

Interchange of the first clue:between these two items was
made in order for the content to better fit the ‘logical form

of the answer.

If that woman is
Mrs. Brown, then
she is Nancy's

grandma. That wo-
man is Nancy's

grandma. Is she
Mrs. Brown? (NEC)

If a record has no
crack in it, then
it is not Jeremy's.,

If the aquarium is
dirty, then the
goldfish will die.
The goldfish has

died. Was the
aquarium dirty?
(NEC)

If a record has no
crack, then it is’
not John's,

be overlooked.

Mrs. Brown is one of

just two grandmothers,

This small universe
may cause trouble,

Since one grandma is

mentioned, the exis-

tence of another may

In the
aquarium case, chil-

dren are aware of

many reasons for

death other than dirt.

Difficulties in read-
ing the name Jeremy
plus shortening by
omitting the redun-
dant words "in it."

This item was one of the only two items replaced (see 26

below).

Its content is contradictory to experience; every

puzzle fan knows that not all little pieces fit any puzzle,.

Given in MT form, the item is even more unacceptable.

contrapositive originally appears in Hill’s study.

This is the second item replaced (see 22 above).
mammal caused a lot of trouble to many subjects,

Its
The word
This un=~

familiar word made the item seem more of a nonsense syllable
item than the factual-content item it was intended to be.

(continue)

1:2
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Iten’

-was

* " changed to

Reason for makihg-
the change '

27

29

30

32

If~he aquarium is
not clean, then the
goldfish will die,
The goldfish has
died: Was the
aquarium clean?
(NEC)

(Also see note on this item
preceding item 14.)

If I don't see him
today, then I'l1l
see him tomorrow.

If this house has
a red roof, then
it is not Joy's
house.

If he takes music
class, then he is
not supposed to be
here. '

If that woman is
not Mrs., Brown,
then she is Nancy's
grandma,  This wo-
man is Nancy's
grandma. Is she
Mrs, Brown? (NEC)

If I don't see
Dennis today, then
I'll see him
tomorrow,

If a house has a
red roof, then it
is not Joy's.:

If a students
takes Spanish,
then he does not
take French.

It is very tempting.
to answer NO to the
original item. Even
if there are many
other reasons for the
goldfish's death, the
aquarium was probably
not clean too. Cém-

| pare the original

item here with the
modified item no. 14,
The change from not
clean to dirty seems
to make a lot of dif-
ference in one's

readiness to think of.

other reasons for the
goldfish's death.

The word "him'" occurs

-too many times in the

original item. An un-
natural way of using
a free variable,

Better English and
shorter sentence,

Pattern of wrong an-
swers was inconsis-
tent with previous
studies (0'Brien) and
with other DA items.
No reason was hypo-
thesized except con-
tent making no sense
to students. Hence
content was changed.

In general, the modifications were'made to clarify items and to

- avoid interference of content with logic.

The modifications were

supposed to increase pretest scores in the main study, which in

fact were higher, though probably not only due to test modifica-

tions. In this way the validity of interpreting gain scores as a

ot
| A0
w
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trﬁe learning effect would be increased.

Finally, ser "outside' changes in format were made. Each
item was fybed oﬁ a separafe page, the page size wa§ reduced to
half of a regular-size page, and the word "not'" was underlined
wherever it beionged to the logical form, i.e., in.MT»énd in DA
forms. (It was ng_underiined when it beloﬁged to the,négation
mode, i.e., in MP and AC forms of +-, -+, or -Q negation hodes,)
Minor changes in the wording of the instructions may also-be
noticed by éompéring the pilot-étudy version of Tl (aprendix 7.3)

with the final version (appendix 7.2).

3.2 The Final Form of the Instrument

A

3.2.1 The two versions. The instrument copsists of two versions

of a 32 item test. In each version,theré are 16 pairs of items of
the samé type (negation mode and logical forﬁ). Table 3.; shows
item numbers classified by type. The~righf answer in each case is
shown in parentheseg;‘ The two versions (denoted by T and T') dif-
fer .only in the order of type-mates. Namely, item 1 in T is
identical to item 23 in T', and item 23 in T is identical to item
1 in T'; similarly for eéch pair of type-matés. The test itself '

is given in appendix 7.2,

3.2,2 Validity and Reliability, Except for its particular con-

| v % % @ v e @ @

‘tent, the test is a direct measure of the ability to validly infer

from conditional sentences. As such, its validity is by defini-
tion unquestionable. The fact that content is sometimes confounded
with logic does not reduce its validity at all. In fact it is’

ERR

the other way around. Since it is difficult to imagine'any content-




Table 3.4 Test Item-Numbers by Type

) .‘|
/ ‘Negation Logical Form
, mode P MT e —
| 1,23 22,31 | 2,14 17,10
++
(yes) (no) (NEC) | (NEC)
+- 25,30 8,16 4,7 6,32
(no) .(no) (NEC) (NEC)
-+ 11,13 5,9 21,27 15,29
(yes) (yes) (NEC) (NEC)
- 3,19 20,28 12,18 - 24426
i (no) (yes) (NEC) (NEC)

free application of logié in a "real 1ife" setting, the variéty of
content which appears in the test strengthens its contenf-wise |
generalijzability within the limitations discussed earlier (see
section 3.1.1),.

Since reliability is regardéd as a necessary condition for
validity (Anastasi 1968), the reliability of the test follows.
However, reliability has many faces. It is not uniquely defined,‘
and hence its necessity for validity is not in the strict "by
definition" mathematiéal sense, Because of such doubts, an.inde-
pendent reliability study Qas carried out in two ways, as follows.
(i) A test/re-test Pearson product momentwcorrelation was com-

puted on pretest/posttest total scores in the control group

of the principal study. This gave a reliability of';75.
(ii) A split half Pearson product moment correlation coefficient

with Spearman-Brown formula for double léngth was computed

on pretest total scores for both éxperimental and control

group subjects. This gave a reliability of .79,

125




For an analysis of item profiles and discussion of internal
consistency (a third poiﬁt>of view on reliability) see section 5.1.2,

Q@

page 126.

3.2.3 Administration. The five front pages of the test (see

appendix 7.2) were duplicated on colored paper: yellow for T and
green for T'. The experimenter was introduced to the class by the
teacher as a friend who came from the Lawrence Hal} of S%ience, a
\

science education center at the University of California,\yhich
the sfudents had visited on field trips. The teacher told\fhe
class that the.friend had come to give them some puzzles for fun.
Page two of the test was then read by the experimenter; in-facé,
it was almost known by heart, so|that eye contact with the class
was continuous. *When finished reading page 2, the experimenter
handed out the puzzle books. Students who sat next to each other
were assigned to opposite colored teamsl(different versions).
Students were asied to fill in tHe blanks on”the front pege and,
to make the contest feir, not to turn this pagexuhtil they were
asked to do so. After everyone had finished the front page, stu-
dents were asked to turn to page 3 and to follow the experimenter's
reading. When examples on pages 4 and 5 (see appendix 7.2} were
given, students first'answered, and theh the right answer was read
along with its explanation. The experimenter circulated to make
sure students knew how to mark their answers,

This introduction took 8-10 minutes in each class. Within
the next 20-25 minutes students were working on their own and fhe
experimenter circulated to answer the very few (one or two in each

class) requests for help in reading a word.
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The above mode of administration was followed on the posttest,

‘except for changing each team's '"color" (version), and changing

seats where necessary. Of coursé the introduction of the experi-
menter by the teacher in the control group was changed -- '"The
lady from the Lawrence Hall of Science is here again for another
period of puzzles for fun" -- and the experimenter introduced
herself to the experimental group, saying: '"You've learned a lot
in logic. Let's see how well you can do this time in the puzzle

books."

3.2.4 Precautions taken in administration of the test. The test

was presented to the students as a green versus yellow team contest

in puzzle solving. The teams were the two halves of the class

created by handing out different versions to neighboring students.

This was intended to serve two purposes:

(i) Increase student motivation to take the test, and in this way
reduce random or careless answers Gy creating a competitive
collective atmOSpherq, and |

(ii) Insure'indepeﬁdent work by each student. Due to the manner
of distributing the two versions, every student was sur-

rounded by students of the opposite team.

In order to avoid observation of incidental effects, another
precaution was taken to increase stpdent chances for success in
the test, even beforé any'training. The instructions given prior
to taking the test include two examples, one of which has ''Not

enough clues'" as the right answer. In addition a verbal explana-

tion of the "not-enough-clues" alternative was given.*

*See page 5 of the test, appendix 7.2, and previous discussion of
this point in section 3.1.2, page 94.

127.

110




- % % 1 @ | | @

111

It should alsé'be noted that a no-time-limit announcement was
made, and help in reading was gffered when necessary.*

To decrease the amount of pure guessing; students were told
they would lose points for wrong anéwers (see page 2 ofkthe test,
appendix 7.2). They were not penalized for an unanswered .item, K
However, since there was ﬁo time pressure, very few students leff
questions unanswered, and those who did skipped ét most two, but
mostly one, item. (See exact numbers in table 5.3.) A spe- |

cial note in the instruction prior to the test was designed to

' help the students get organized, by suggesting the use of a

special mark next to a skipped item., This also served as a wéy to.
check thaf a student who skipped an item did it intentionally,
and not just by misging'a page.

To prevent peer pressure of fasteernes on slower ones towards
the end of the testing period, tests were not collected until all
the students in the class had finished théir.work. Those Qho
finished early were, if necessafy, referred back to page 2 of the
instruction where they were asked to draw a picture or a deéign
on the back of any page. (Many were reluctant to stop drawing
when the test was over...,)

Team scores were given to the classes a few days after eaéh
test. Individuals' scores were given to teachers. No correction
period followed and pﬁzzle books were not returned’to students.
Students seemed to enjoy the pretest a great deal, bﬁt were less
enthusiastic, even thoﬁgh cooperative, the second time (posttest).
This change of attitude was particularly noticeable in the experi-

mental group.

‘*See page 2 of the test, appendix 7.2,
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CHAPTER 4

THE PRINCIPAL STUDY

Chapter Overview

This chapter outlines the main study. Section 4.{ lays out
the experimental design and discusses the reasons this particular
design was selected. Specific‘data on the population sample are
provided ;n section 4.2, Section 4,3 details the course of the
main study. This last section also provides information on the

teachers, their training, and their subsequent teaching.

4.1 Research Design

4

4.1;1 Lay-out of the design. The main study applied Campbell and

Stanley's t1963) quasi-experimental design no, 10. Basically this
design is a pretest-posttest, treatment - no treatment control
group design. Experimental subjects are not assigned randomly,
from a common population, to the experimental group and the control
group, so the two groups lack a pre-experimental sampling equiva-
lence.”

In the present study, the experimental and the control groups
each consisted of the entire fifth grade, each in one school,
composed of four classrooms with their regular teachers.

Both groups were drawﬂ from the same school district, which
‘has a relatively homogeneous population. Diagrém 4,1 illustrates

the design,

*Refer to section 4.1.2 for reasons this design was selected. .
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Diagram 4.1 Research Design

T, T' refer to the versions of the test (see section 3.2.1 and
appendix 7.2); -

Xj (i=1,2,3,4) stand for the four characteristic styles of teach-
ing the experimental unit by the individual teachers;

Y; (i=1,2,3,4) stand for the teaching in the control classes,
which was likely to be irrelevant to the experimental unit. The
parentheses in the diagram indicate this irrelevance;

The dashed lines indicate a non-random assignment,

—
T X1 T
class 1
: T X1 T
T X5 T
, class 2 .
Experimental group . T' X5 T
(s€haol 1) e e ],
- ~.. ) T X 3 T!
class 3 v
T X3 T
_____________________________________ .
T Xy T!
class 4
T' Xy T
T (Y1) T!
class 1 .
T! (Y1) T
. T (Y5) T! .
class 2 '
!
Control group T-------EYZ) ______ T i
{school 2) T (Y3) T
class 3
T! (Y3) T
T (Yy) T!
class 4
T' (Yy) T

The experimental group and the control group were each pre-
tested and post-tested by the experimenter in their regular
classes, on a single day. The experimental group was pre-tested

one day before the control group, and post-tested one day after.
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Control group-.teachers were not pretrained or provided with the

experimental materials.

4.1.2 Why a quasi-experimental design? The quasi-experimental

design described in section 4.i.1 was selected because it allowed

for the entire class to work as a whole in as normal a mode as

possible. This seeﬁed to have many advantages over the corre-
sponding true experimental design in which each class would be
randomly split into experimental and control groups. The advan-
tages of this quasi-experimental design follow:

a. This design most closely resembled real classroom teaching
which was one of tHe objectives of the study. .There waé, for
example, no need to change robms or any classroom organiza-
tion for carrying on the study.

b. The design avoided to a large extent students' awareness of
participating in an éxperiment (the "I'm-a-guinea-pig"
attitude, Hawthorne effect, etc.).

c. Classes were taught by their regular teachers. Applicatiﬁn
of the unit by ordinary classroom teachers was anotﬁer
objective of the present study. This factor also may have
contributed to a '"business as usual' atmosphere.

d. The design avoids much of the communication among experi-
mental- and control-group subjects concerning the experimental
unit. In the true experimental design such communication is
likely because classroom peers would be assigned fo different
groups for the research purposes. Then they would meet again
for regular school work. Curiosity on the part of the control-

group subjects, and pride or showing off on the part of the
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uéxﬁérimeptal-group students would increase the likelihood of

such communication,

e. Preliminary investigations (see: section 1.4) suggested that
pretest scores would show similarity between the experimental
and the control groups on the ébility to distinguish between
Qalid and fallacious inferences in conditional logic,

f. ThiszdeSign, regérdless of its quasi-experimental nature, to

use Cameell~and”Sféﬁié§;s language:

"should be reéognized as well worth using in many
instances..., The more similar the experimental and

the control groups.are in their recruitment, and the
more this similarity is confirmed by the scores on the _
pretest, the more effective this control becomes. Assum-
ing that these desiderata are approximated for purposes
of internal validity, we can regard the design as con-
trolling the main effects of history, maturation, test-
ing and instrumentation, in that the difference for the
experimental group between pretést and posttest (if
greater than that for the control group) cannot be ex-
plained by main effects of these variables such as would
be found affecting both the experimental and the control
groups.' (Campbell and Stanley, 1963, pages 47-48.)

4.2 The Sample

A1l four fiffh grade classes’ in Los Perales School at Moraga
Schoolynistrict, California, servgd as the experiﬁental group.
(They will be referred to as E;, Ez, Ej, Eq, where E.stands for
exﬁeriﬂental.) In the same school district, Rheem School's four
fifth grade classes served as control classes. (They will be
referred to as C;, Cz, C3, C4; C stands for control.) Moraga is
a suburban community in the San Francisco Bay Area. The socio-
economic categorization of the families within this school dis-
trict is predominahtly upper-middle class. There is no trackiﬁg '

in this grade. Table 4.1 gives basic data on the subjects.,
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Table 4.1 Basic Data on the Sample

Experimental group Control group
Total number® ' 104 1uo
Males . 49 (47.1%) 48 (45.3%)
Females v 55‘(52.9%) 58 (54.7%)
Age (in months): mean 130.9 ’ . 129.9
SD 4.8 4.6

The Stanford Achievement Test (1973 edition) was administered
in all eight classes in October 1974, Table 4.2 gives the mean
national grade-equivalert and national stanine scores summary for

each class participating in the study.**

*Only those 210 students who participated in both pretest and post-
test and who were not absent for more than five days during the
learning period were included in the analysis.

**D. A. Payne (1968) uses the following figure to illustrate the

relationships between the normal curve, the stanine standard
scores, and IQ (Payne, 1968, page 111):

The Normal Curve

Standard ! :
Deviations -40 -30 =20 -l0 0 +lo +20 +30 +40
Stanines 1 [2]3]a]s]6]7][8] 9
Percent in stanine 4% 7% 12% 17%20% 17%12% 7% 4%
Deviation IQs . L L B |

55 70 85 100 115 130 145




Table 4.2 Stanford Achievement Tesf Scores
for Experimental (E) and Control (C) Classes

‘ National Stanine Summary
Mean National |[-— - ‘

Class N Grade Below Above
Equivalent Average ?Xe§a§§ Averagey

(1,2,3) > (7,8,9)

N % |N %N s
E; 26 6.7 0 0] 12 46.2| 14 53.8
E, 25 6.5 1 4.0| 11 44.0] 13 .52.0
Eq 28 6.8 1 3.6| 12 42.9) 15 53.6
Ei, 25 5.9 2 8.0} 15 60.0| 8 32.0
C, | 26 6.3 1 3.8 11 42,3} 14 53.8
C, | 27 6.6 1 3.7]14 51.9| 12" 44.4
Cy 25 6.7 0 .0] 10 40.0] 15 60.0
Cy 28 5.9 1 3.6 |17 60.7 ] 10 35.7

4.3 Course of the Project

4.3.1 First Contacts. In late November 1974 three superinfen-

dents of school di;tricts in the San Francisco Bay Area were con-
tacted through their curriculum specialists._ Two of the three

agreed to meet with the éxpérimenter for a discussion of the pro-
posed project and a presentation of sarple materials. After these

meetings, each superintendent arranged for the experimenter to

meet with fourth and fifth grade teachers. Ten to twelve teachers
iﬂ each school district attended the meetings. 1In these meétings,
W which occurred in mid-December 1974, the experimenter provided the
[ ' background for the project and described the project's goal, The
b . experimenter also demonstrated a few actiﬁities and discussed the

experience gained in the pilot study.

" Q i 12;4




%

The last part of each meeting was devoted to the level of
commitment expected ffom éhose teacheérs who agreed to have their
classes participate in fhe study. This commitment consisted of
a pretraining workshop of 9-12 hours in 6-9 sessions during |
January 1975, a once-a-week staff meeting during the teaching
period, employment of the project during'February 1975, evaluation
of the activities during the implementafibn,.and an overall
evaluation paper at the end. Teachers were informed thaf fhe
University extension of the University of California at Berkeley
was expected to approve their project work for an in-service
course“with 3 quarter units of credit. Both sch061 diStricts

agreed to grant the teachers the equivalent credit if the Univer-

“sity did not approve the course. (The course was approved by the

Uniyersity in February 1975 and four participatiné teachers
received credit.) The iﬂdividual teachers had unﬁil January 1,
1975, to decide whether they wanted to participate in the'study.
All fifth grade teachers in Los Perales School in Moraga School’
Districtﬁvg}unteered and fully participated in the project. From
here onrthe term exper}mental group will b? used for the fou¥
classes in Moraga. (Ei’ i=1,2,3,4 will stand for thesé-experi-
mental classes.) The four control élasses were obtained with the

assistance of the district,~office.

4.3.2 The teachers. Table 4.3 gives basic information on the

teachers and their background. The teachers of classes E3 and E,
team-teach throughout the year. 1In general all four teachers of
the experimental group have good communication and regularly share

their plans and experience,
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Table 4.3 Basic Data on &he Teachers

‘ Years of | A.B. Degree § Credential |Previous [Grad, Work
Class}Sex Teaching ’ Logic Beyond
Experience|Year|{ Major University [Courses |Credentiall
E, | M 2 1972|Humanities {UC Berkeley| none none
E, | M 1 1969 }Political {UC Berkeley|{ none some
Science

Ey | F 3 1969| History |vassar § .

' ‘ - luc Berkeley,phllosophy none
E, | F 1 1973 {Elenientary |Pacific U. none none

‘ Education ’ Oregon

4.3.3 The pre-training workshop. During the three weeks from

January 13th to 31st, six sessions of two hours each were held
twice a week after school in Los Perales School. Teachers were
instructed in the logic of cond tional reasoning with the use of
the experimental unit materials. The experimenter presented the
activities to the teachers the way the teachers were expected to
pfesent the activities to their classes, Because the teachers had
no background in logic either, they easily played the student role,

Teachers were wgrned not tb overemphasize AC and DA cases,
and were asked to keep a good balance of all four logical forms
in order to prevent the regression in the MP, MT cases. (Even-
tually, regression in them was negligiblein the main study.)

It was repeatedly stressed that the purpose of the experi-
mental unit was not to teach the algorithh.* If some students

discovered it, fine. If others did not - that wouid also be fine.

*See algorithmic solution in section 1.3.8, page 23,
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In addition to the experimental materials presented, a broader
view of the subject was also introduced as part of the genéral
orientation for fhe teachers. In éach session tﬁe teachers fe-
ceived the appropriate part of the teacher's maﬁual. They‘were
assigned reading and homework for the next sessibn. A session-by-
session accbunt of the training workshop is given in appendix 7.5,
page 392, | |
| During the workshop feachers were appreciative of the impor-
tancé of trying out the ideas incorporated into the experimental
unit.” They were willing to make the effort to provide detailed
feedback to the experimenter. They brought up ways of raising
students' motivation and thodght about means for eiihinating

frustration.”

4.3.4 The teaching period. The four experimental classes, which

constituted the eﬁperiméntal group for this study, were pretested
by the experimenter on February 5, 1975, and posstested on March

' 21, 1975. Advance notice was given only before the postfest.**
Between the two tests the experimental-group teachers taught the
experimental unit four to five periods of 30-40 minutes each week.
Febru§ry 12-17 were vacation days so altogether each teacher spent
23-25 sessions with his/her class working on the experimental
unit.

Once a week after school, the experimental-group teachers met

*See section 5.8 for a discussion of teachers' attitudes through-
out the implementation of the experimental unit.

*Control group was tested on February 4 and March 20, 1975. No
advance notice was given for either test. ' :
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with the experimenter to discuss the previous week's experience,
the following week's plans (including practical considerations,
€.g., grouping of students), current teaching problems (e.g.,

motivation), handling of students' difficulties, and review of the
underlying logic. *

The experimenter visited each experimental class only twice

in the periSd between the two tests in order to maintain a low
profile, Thé main purposes of these visits were to see that
teachers did not teach the algorithm, and to hear and record
‘students' arguments. There was no evidence that any teacher.
released the algorithm; but more than a'few sfudents in each
class, according to teachers' reporté, sensed quite rapidly the
existence of a pattern. In each class, two to three students
were able to express this pattern in terms of the relation between

the second clue and the parts of the first clue. Results of the

study are reported and analyzed in the next chapter,

138




‘122

CHAPTER 5

RESULTS AND THEIR INTERPRETATION

Chapter Overview

In the following pages an analysis of pretest, posttest, and
gain scores i§ giyen. The pretest equivalence of experimental and
control groups is established in section 5.1. Progress of the two
graups is compared in sectipns 5.2 and 5.3. The groups findings
show a éignificant difference between the posttest scores 6f the
experimental group and the control'grsup on the undecidable
logiéal forms AC and DA, and no significant difference on MP and
MT logicai’forms on which both groups performed successfully in
the pretest, already.

Analysis of the negation-modes subtests is in section 5.3.4. It
leads to a discussion of the false conclusions that can m1staken1y
be drawn by overlook1ng the differences of negat1on-mode order of
difficulty within logical forms. In section 5.4 -an analysis of
variance on gain scores is repofted.

An anaiysis of fight and wrong answers appears in section 5.5.
This analysis attempts to sort out the guessing, particularly on
the "not-enough-clues'" answers.

Section 5.6 contains a correlation study of the Stanford Achieve-

ment Test results and results of the present work. The chapter
closes with a discussion of student attitudes in section 5.7. The
group was almost equally divided among those who enjoyed the unit

and those who did not. The teachers' evaluation of the unit and




their changing attitudes are discussed in detail. Included‘also
afe teachers' criti;isms of the unit's length and of the repeti-
tive nature of the activities, in the uniE}//Also expressed is the
teachers!' appreciation of the need fof/guch a unit and their

willingness to use it again in a modified version next year,

5.1 Pretest Scores

5.1.1 vKuivalence of control and experimental groups. Because

the assignment of students to experimental and control groups was
not random;’ the first point analyzed was the extent to which the
two groubs were comparable.' Table 5.1 shows, for both the experi-
mental and the control group, the percentaged ﬁeans and standard
dgviations of total 32-item pretest scores, the four logical-form
subtest scores (eight items each), and thé Stanford Achigvemént
Test total battery scores taken four months priér to the experi-
ment.

Using the variable-by-variable data given in table 5.1, the
hypothesis of equal means for the experimental and the contrél
groups i; not rejected even at .05 level, for each variable. This
is true for bothlpretest séores anddthe independent measure of
general school work‘thfdugh thé'Stanfgrd Achievement Test. Based
on the assumption that there i5~novcfﬁtica1 significant difference
between the two groﬁps initially, the analysis proceeds,

Table 5.1 also shows (in accordance with previous studies
cited in section 1.4) that there was indeed room for improvement
on participating students' ability to answer AC and DA items, "

namely, to recognize conclusions that do not necessarily

*See section 4.1.1 page 112,
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Table 5.1 Expérimental vs. Control Groups Pretest and

Stanford Achievement Test (S.A.T.) -Percentaged Mean Score

Group Experimental §} Control group ~t - statistics
group (n=104) (n=106) for testing the

differences between

Test Mean (%){ SD ] Mean (%)] SD uncorrelated means*
Total pretest | 54.3 |15.0] 53.8 | 13.4 .1
MP | 83.3 |15.3] 81.1 | 16.1 .2
Logical — yr | 78.3 |[10.1] 78.8 | 18.3 .0

forms o

subtests AC ¥ 24.3 30.3 22.1 24.9 .4
DA 31.3 | 29.3 33.0 26.9 .3
S.A.T. 69.6 14.7 68.9 14.8 | .1

;*tzos(.01) = 2.60; t50g(.05) = 1.97

(-

follow from the premises. Mean scores on AC and DA subtests were
24.3% and 31;3%, respectively. This is below chance level even if

we consider the three altternative answers -- yes/no/not-enough-

. clues -- as having ‘equal chance.**

Experimental and control groups were further compared on the
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pretest item-by-item answer profiles. The data is given in table 5.2.

**The assumption of equal chance is on the conservative side. As
discussed in section 3.1,2, the answer "not enough clues'" (NEC)

may raise psychological difficulties in being interpreted as admit-
tance of personal inability ‘to answer the question rather than as
inherent logical undecidability of the question, This reluctance
to choose NEC as an answer may be increased by the rarity of the
occurrence of this possibility in the student's previous school
experience. The. introductory examples given in the test were
intended to help students overcome this psychological difficulty.
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. Table 5.2
Percentages of Experimental and Control Group Students
Selecting Each Answer for the Various Pretest Items.
(Right answers are circled.'.Errors expected
from model in section 1.7.3 are underlined.)
- Pretest Frequencies (in percentages)
Item Logical Negation Y p=
No. Form . Mode Experlmental ‘ uo?trol »
Yes | MNo {NEC |Skipped Yes | No NEC |Skipped
L H
g ! 1
1 wp - (ss.kj 3.8, 6.71 1.0 (éifi 7.5| 9.4| .0
23 w8125l 7070 Lo fealgliaisl ai7) Do
25 +- 29.8“ 7. j12.5' .0 }2 .3(55.7*16.0 .0
30 - 9191.3 4.8- 1.0 | 2,9M9.61 7.5{ .0
. K
11 -+ Kél.g)‘TTb 7.7 .0 @87 57| 5.6 -0
13 - 79.8. 8,7 11.5 0 J\75.5013,2/11.3] .0
19 -- 1.@@3.. 3.8° 1.0 LQ(WL2¢1.9 .0
3 - | 7.7 7.7 L0 [16.0 29;9! 7.61 .0
22 Mt s 1.0 93.3, 5.7° .0 3.8/93.30 2.9| .0
31 ' ++ 1.9{85.6 9.6 2.9 1.9084.9)13.2] .0
8 +- 16.3166.4J15.4 1.9 |18.961.3J19.8] .0
16 +- 9'91,3" 5.8 0 | 47i92.5% 2.8/ .o
5 -+ |51.003T77 15.4 1.9 |s53.A|3T.1,14.2] .0
9 -+ 85.5) 1.0 13.5 .0 ¥87.7Y 4.7 7.6] o
20 -- 83.7J12.5. 3.8 .0 80.2)15.1, 4.7 .0
28 -~ leo.3 25.0 5.7 .0 I\75.5020.7¢ 3.8/ .0
: |
I
2 AC ++ 76.0 1.0.6373 1.0 |75.5] 1.9!§;?§ 0
14 ++ 789 4.815.4 2.0 |70.7] 8:5l20. 0
4 +-  |63.5° 1.031.7 3.8 [%0.8] 1.0l29. 0
7 +- 7620 1.9(22.1 .0 |72 5.7.18, 0
21 -+ 140.4'20.8/29.8 .0 [42.2 27.4#30.3 .0
27 -+ 1.0:74.0124.0f 1.0 |} 2.8177.4:19, 0
12 - |290.8 75.7[25.00 .0 |31.1;50.918.0] .0
18 -- 2.9:72.0{24.00 1.0 | 1.9{80.2i17.9 .o
e N TN
- A : = \ !
17 DA ++ 4.8:68.2'26.01 1.0
10 ++ 5.8164.4:28.8 1.0
6 +-  [47.717.3:35.6 .0
32 +- 28.8135.6732.7 2.9
29 -+ 3.8.63.528.8 3.9 |
15 -+ 7.7; .0}{42.3 .0
24 -- 51.9' 8.7(39.4]. .0
26 . -- 78.8 4.91{16.3 .0
) ; . !
' 3
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X? test for experimental and control group profiles of
identical items showed no significant difference even at a = ,05
level on all items except item number 15, For this item the hyp0-

theses of equal profiles was not rejected at o = ,025,

5.1.2 Internal consistency of the test. The pretest consisted of

32 jtems in 16 item-pairs,’ideﬂtical in termé of logical form and
negation mode (see table 3.4). Table 5.3 shows the number of
yes/no/not-enough-clues_answers given to each item by all 210
participating students.*

The X? test failed to reject the hypothesis of equdl profiles
for type-mate items only in three of the sixteen pairs, namely in

items 1-23, 20-28, 24-26. 1In all other type mates the discrepancy

_ was signifigant.** In view of the structure of the test and its
¥

/7
previous revisions (see section 3.1.5), inconsistencies between

type-mate items could only be attributed to language and.content
effects as discussed in section 1.4.3 and 1.4.4.

Upon a review of the items themselves (appendix 7.2) some
cases of inconsistency could be explained. For other items, no

reason for the inconsistencies could be found. The'inconsistencies

are listed on page 128,

*Form T' was identical to form T of the test except for the order
of typemates, Therefore they were considered as identical forms
for all purposes of analysis. lowever, by necessity, the differ-
ence in order was taken into account in the process of recording
the answers. E.g., because item 1 of form T is identical to item
23 of form T', answers to item 23 on T' were recorded as answers
to item 1,

**It should be noted that despite the inconsistencies, split-half
reliability of the test was .75 and test-retest reliability was
.79 (see section 3,2.2).




Table 5.3

Test-Item Profiles-Baséd on Pretest Results

of 210 Participating Students.

(Right answers are circled. Errors expected
from model in section 1.7.3 are underlined.)

1

IEEE ?o, Logical | Negation No.'of No. of | No. of | - No.. | rotal
form) Form Mode Yes's No's | NEC's | Skipped
1 MP ++ 17 X 210
23 . 13 0 210
25 . 3 30 0 210
30 ‘- 6 13 ] 1 210
3 . 89 14”7 0 210
1 . 63 24 0 210
I o 7 6 1 210
2 - 25 16 0 210
’s - e 5 9 0 210
21 . 4 24 3 210
8 . 37 37 2 210
2 Y 8 9 0 210
c . 11 31 2 210
s -+ 182 22 0 210
| 20 -- 172 o 0 e
28 - 152 10 0 210
t
L2 AC ++ 159 s | (o 3 210
D14 - s 155 14 38 3 210
: . 159 8 43 0 210
27 -+ 4 159 46 ; 210
27 - 64 10T 45 0 210
12 = 5 180 ee) | 1| 2w
17 DA - : 12 150 (47 1 210
L 10 4+ 14 146 | | 49 1 210
i . . 92 —28— 90 0 210
32 +- 60 83 64 > a0
e -+ 10 140 56 4 210
15 - 17 | 8T | 12 0 1 210
2s _ 109 ’i‘g‘ 83 0 210
26 -- 165 6 N

i44
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Items

6 and 32*

8*

5*

12

15

21

25

and 16

and 9*

and 18%

and 29*

and 27*

and 30"

128

7/

Inconsistency v Inconsistency attributable to

Item 6 brought the A conjecture is that underlining
second highest num- of the word '"not'" in both clues,
ber of right answers by atmosphere, may have caused
in DA. Item 32 does the high number of negative an-

not conform with swers. (This was a typographical
the predicted error error because the "not" in the
pattern given in first clue should not have been
section 1,7.3 underlined. See comment on

underlined negations in section
3.1.5 page 107).

Item 8 brought the Unexplained.

second lowest num- Notice: Ttem 16 includes an im-
ber of right an- -plicit universal quantifier.
swers in MT. Item Item 8 does not.

16 brought the
second highest.

Item 5 brought the Unexplained.
lowest number of

right answers in MT.

Item 9 brought the

third highest num-

ber,

Inconsistency in Higher number of wrong yes answers

WIOng answers in item 12 as compared to 18 may

pattern. be attributable to difference in
content familiarity in favor of
item 18,

Item 15 brought the Unexplained.
highest number of
right answers in DA,

Inconsistency in Unexplained.
wrong answer pattern,

Iten 21 does not fol-

low the prediction

model in section

1.7.3,

Item 25 brought the Ignoring the conditional sentence

lowest number of and relying only on the second

right answers in MP, clue may lead to NEC answer on

Item 30 brought the item 25 due to everyday experi-

third highest ence. No explanation for the high

number, number of wrong yes answers was
found. Notice: Item 30 includes
an implicit quantifier, item 25
does not,

*This item was revised after the pilbt study (see section 3.1.5).
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5.2 Posttest Scores

Similar to the data given in table 5.2 for the pretest, table
5.4 gives item-by-item posttest profiles for the experimental and
the control groups. Again the numbers are percentaged because tié
groups were of unequal size (104 students in the experimental
group, and 106 in the control group), .

%? test shows a significant difference (at o« = .001) between
item profiles of the experimental and the congrol groupé on evefy
AC and DA item., In MP and MT the difference is significant at
a = .01 on items 9,11 and af @ = .05 on items 5,8,22,30.

Taking into account the great similarity found between the

- profiles of the two groups on every pretest item, the above results

clearly indicate a consistent behavior modification on the part of
the experimental group in the two undecidable subtests, These are

the subtests the students had great diffichlty with in the pretest,

5.3 Pretest/Posttest Comparison, ‘a Descriptive Analysis

5.3.1 Overall comparison. The 32-item pretest and posttest were

administered to the experimental and the control groups as de-
scribed in sections 3.2.3 and 4.3.4. Table 5.5 gives the distri-
bution of overall test scores for the two groups (page 131),

A t-test on posttest meanvscores shows that posttest mean
scores of the experimental and the control groups differ signifi-
cantly (at a = .01). Pretest to posttest changes in the experi-
mental-grOUp distribution polygon as compared to those changes in

the control group polygon are shown in diagram 5.1 (page 132).
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Table 5.4 , /
‘ ' Percentages of Experimental and Control Group Students
Per Answer for each Posttest Item,
(Right answers are circled. Errors ekpected
from model in section 1.7.3 are underlined.)
Posttest Frequencies (in percentages)
I;g? ngi;al Neﬁigzon Experimental Group Control Group
Yes | No | NEC | Skipped] Yes | No | NEC Skipped
1| MP -+ m 6.7 2.9 .0 i(§7--\7] 8.6/ 2.8] .9
23 ++ 85, ;_,g 11.5 .0 }'89.6] 2.8 7.6] .0
25 , +- 4.8181.7412.5 1.0 2.8 91.? 5.7 .0
30 +-  J10,6/79.8] 9.6/ .0 J19.8 (6§_, 16.1] .9
11 v -+ K86. 4.8 8.7 .0 67.0{ 11.3121.7 .0
13 - -+ 8\058 ’1\.9 17.3 .0 88.7’ 3_,\8 7.6 .9
19 -—— 5.8(78, 13.5 1.9 ?fh(78.; 12.3 .0
3 - 2.9783.6]'13.5 .0 9.41'84, 5.7 .0
N -
22 MT ++ 1.9(80. 8| 1.9 1.9 90.6‘ 7.5 .0
31 ++ 6.7{84.6 .0 1.9(88.7 7.5 1.9
18‘ +- 5.8\78.8 1,0 9.5\85.8} 4,7 .0
6 +- 13, 3. .0 17.9{\76 .41 5.7 .0
5 -+ /5?‘2\% 1.0 ,,9’3')\ Yo 4.7 .0
9 -+ 476.0} 9.5 1.0 55.7430,.2{13.2 .9
20 - 73.1116.3 1.0 72.6122.7| 4.7 .0
28 - [70.2115.4 0 M7.41s.1] 75| Lo
~ A\ :
2 AC ++ - 134.6] 2.9 1.0 }78.3 .0
14 ++ 33.7 .0 1.0 76.4 .0
4 +- 26,01 1.9 1.9 78.3 .9
7 += 17.3] 1.9 .0 64.1 .9
21 - -+ 3.8119.2 1.0 6.6 .0
27 : -+ 9.6129.8 1.0 28.3 .9
12 - 5.8{26.91 .0 .9 .0
18 - 10.6126.9 .0 23.6 .0
17 DA ++ 4.8124.0 .0 1.9 9.2 1.9
10 ++ .0(33.7 .0 6.6 24.5 .0
6 +- 113.5117.3 2.9 23.6136.8§38,7 .9
32 +- 419,21 8.7 1.9 43.4110.4 }44.3 1.9
| 29 -+ 1 6.7(21.2 1.0 .635.8155.7 .9
15 -+ N 1.931.% .0 4,7166.1]28.3 .9
24 --  120.2{5.8 .0 §72.6,73.8121.7f 1.9 -
- 26 - £16.3 5.8 1.0 (48.1} 4.7 M7. .0
| i
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Table 5.5 ,
Distribution (in percentages) of Pretest and Posttest Overall

Test Scores for Experimental (n=104) and Control Groups (n=106)

Number of Control (n=106) Experimental (n=lb4)
Right Answers - .
(out of 32) Pretest Posttest . Pretest Posttest
0 to 7 correct 0’ 0 0 0
8 to 15 correct 39,7 36.8 37.5 2.9
16 to 23 correct 50.9 52.8 53.8 44,2
24 to 32 correct 9.4 10.4 8.7 52.9
TOTAL 100% 100% 100% 100%
A
lean total 53.85% 55.4% 54.3% 74.7%
number correct

As diagram 5;1 shows, there was a negligible right-hand shift

in the distribution of the control group, i.e., a negligible
pretest/posttest improvement on the part gf the control group
students. Pre- and posttest distributions for this group both
- have almost identical skewed, bell-shape form, and the maximum
frequency in the 50-74,99% set. The experimental group pretest
distribution is similar to that of the control group, but its
posttest score distribution showed a marked shift to the right
with the maximum at the 75-100% right answers set. \A decreasé of
34.6 in the 25-49,99% right answers with an additional decrease
of 9.6 in the 50-74.99% set make an increase of 44,2 in the fre-
quency of the set of 75-100% right answers, jumping from 8.7% on
the pretest to 52.9% on the posttest. Significance of the dif-

ferences needs no statistical establishment. Of more importance
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is the educational significancezof these results, Namely 52.9% of

the experimental group students consistently gave right answers

on the posttest as opposed to 8.7% on the pretest. In other words,
44,2% of the students learned to consistently distinguish valid

from non-valid inferences.

5.3.2 Logical form subtests results. The 32-item test was sub-

divided into four subtests in two ways, thus forming two sets each of

four 8-item suﬁtests: Logical Form subtests: (i) MP, (ii) MT,

(iii) AC, (iv) DA; and Negation Mode Subtests: (i) ++, (ii) +=-,
(iii) -+, (iv) --. (For specific items in each subtest see table
3.4.) |

| Table 5.6 shuws pretest and posttest score (number of right
answers) distribution for the four logical-form subtests. Fre-
quencies are percentaged in order to equate the unequal sample

sizes of the experimental (n=104) and the éqntrol (n=106) groups.

Table 5.6

Percentﬁges of Students in the Experimental and Control Groups
Having Various Scores on the Logical Form Subtests

in the Pretest and the Posttest

i

Logical MP MT AC DA

Form

Score  fg o125 16-8 | 0-2{3-5 |6-8 [0-2 |3-5 |6-8 |0-2 | 3-5 | 6-8
Range

P Exp. |1.0]11.5|87.5/2.9(20.2}76.9| 73.0|13.5|13.5|57.7] 30.8] 11.5
R

E Cont.} .9(20.7(78.4{1.9]20.7(77.4{ 71.7{21.7] 6.6|58.5| 27.4| 14.1

Exp. (1.9(15.4{82.7{2.9]19.2177.9{11.5}34.6{53.9| 6.7|42.3}51.0

S W0noo

49.1] 34.9( 16.0

(9]

Cont.|| .9120.7(78.4| .9118.9:80.2{65.1!27.4} 7.
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Diagram 5.2 and 5.3.are pictorial presentations of the data
in table 5:6. First, diagram 5.2 (control group) will be examined,
then it will be compared with diagram 5.3 (experimental group), and
finally diagram 5.3 will be examined independently. Diagram 5.2
shows a great similarity of pretest and.posttest graph shapes for
the control groﬁp on all four logical forms, Nevertheless there is
a major difference between the decidable subtests -~ MP and MT
'logical forms -- where the right answer was eithér yes or no, and
the undecidéble‘subtests - AC and DA logical forms -- where the
right answer was: ''not. enough clues." AIn the decidable subtests
a great majority of the control group'students answered 6-8 (S or
more) items right, 78.4% and 77.4% in the pretes;'and 78.4% and
80.2% in the bosttest; on M} and MT, respectively. -

On the other hand, in the undecidable subtests the majority
of the control-group students answered only 0-2 (é or less) items
right, 71.7% and 58.5% of the students in the pretest and 65.1%
and 49.f% in the posféégt on AC and DA, respectively. There is a
negligible pretest/posttest shift to the right in MT and to the
left in MP and a slight righthand shift in AC and bA on the part of
the contfol group. This may be attributable to'learning frop the
pretest, because for this group the pbsttest was a second hajor con;
frontation with undecidable problems so ?arely encountered in regﬁ-
iar school curricula, (These shifts areuanélyzed quantitatively in
section 5.4.2 and their insignificance established sfatistically.)

A comparison of diagrams 5.2 and 5.3 for pretest distributions
of the control and the experimental groups shows a similar starting

point for both groups, with a small advantage for the exp.imental
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group on MP, and for the contrdl group on MT, lower extreme scores
on AC for the control and, on DA for the experimental group. This
reinforces the two groups comparability, previously>establisﬁed

by total mean score, which will be further analyzed ﬁy subtests

in section 5.4.1. However, looking across logical forms in
diagram 5.3 for a pretest/postfest.comparison of experimental-
group students, the tremendous shift in AC and DA right-answér
distribution, with the high initial mastery of MP and MT preserved,
is quife apparent. A statistical analysis establishing the signi-
ficance of this shift appears in séction 5.4.2. True, posttest
mastery level of AC and DA did not reach the mastery level of MP
and MT. It is, however, safe fo say that major progress was made
in the experimental-group students' ability to recognize an
unnecesséry conclusion from given bremises, and to distinguish
between necessary and unnecessary conclusions. The educational
significance of such an achievement was broadly discussed in

Chapter 1.

5.3.3 The individual's progress. So far, only group results have

been‘analyzed. It was found that the experimental group as a
whole made significant improvement on the undecidable subtests
(AC and DA) and made no significant imﬁrovement on the decidable
subtests, on which the group performed with relative success on

the pretest. Table 5.7 gives the correlation of low, medium, or

high performance on pre- and posttests. In each 3 x 3 subtable, the

numbers in the diagonal, from the upper left cell to the bottom
right cell, are of those students who performed equally well on

both tests. Below the diagonal are numbers of students who
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Table 5.7 Distribution of Pretest versus Posttest
Performance Levels on Each Logical-Form Subtest.
r
Experimental Group Control Group
Posttest Levels Posttest Levels
Sub-| Pretest
1
test| Level low average high total low average high total
0-2 3-5 6-8 | 0-2 3=5 6-8
low ' = |
02 0 1 0 1 0 1 0] 1
average ’
MP 3.5 0 2 10 12 0 10 12 22
Meh 12w 75 791 | 1 1 71 | 83
total | 2 16 86 | 104 1 22 83| 106
low | ' '
0.7 0 1 2 | 3 0 1 1 2
average | z :
T ot 2 71z 7 14 22
high &, g 67 + 80 || 0 12 70 | 82
6-8 . !
total 3 20 81 104 1 20 85 106
o f1z 30 34 | 76 |63 12 1| 76
! : )
average j
AC 3.5 0 5 9 | 14 6 12 5 23
. i
high :
e 0 1 13 1 14 0 5 2 7
total | 12 36 56 {104 69 29 8 106
7 m 22 160 |44 16 2 | 62
|
average ‘ ‘
. | DA 3.t 0 11 21, 32 7 15 7 29
| | high '
' 68 0 2 10 | 12 1 6 8 15
‘ total 7 44 53 1104 52 37 17 106
)
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regressed and above it -- those who progressed.:
Each subtest will now be considered separately. The discus-
sion begins with MP and MT subtests, but the more interesting

findihgs are in AC and DA subtests,

MP: 75 of the 104 experimental group students (72.1%), and 71 of
the control group students (67%) solved 6-8 items right on
both the pre- and the posttest. 9.6% experimental students
and. 11.3% control students improved from 3-5 right answers
on the pretest to 6-8 right answerg on the posttest, Regres-
sion from 6-8 rigﬁt pretest answers to 3-5 right posttest an-

. swers occurred in 13:5% of the experimental group students
and 10.4% 6f the control group students. Bowker's ﬁest
(Marascuilo, 1976, Chapter 7) for both groups at overall a =
.05 did not reject the hypothesis ofkﬁp pretest to posttest

*
progress.

MT: The situation in this subtest is very similar to that of MP.

74 experimental students (71.2%) and 77 control students

(73.6%) did not change their performance level, of which none
had only 0-2 right answers in both tests, seveﬁ students in
each group had 3-5 right answers in both tests and all the
others -- 64.4% of the experimental and 66.0% of the control,

»

had 6-8 riéht answers on the pretest as well as on the post-

*One should keep in mind that the no change in the observed re-
sults does not necessarily mean that there really was no change

in students' understanding. In particular, by Henkin's conjecture
(see section 1.7.3), students might get right answers on MP and
MT pretest due to a fortunate but a wrong process.
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test. Here, as in the MP case, Bowker's test for both groups
failed at o = .05 to reject the hypothesis of no pretest

posttest differences.”

MP_and MT: Oh the whole, MP and MT distributions of control and‘
experimental groups aré very similaf to each other with
respect to individuals' differences. The two independent
sample A% tests (Siegel 1956, Chapter 6) on the nine cate-
gories tabulated in table 5.7 for each subtest did not £e-
ject the hypothesis that the two samples don't fit each other
for either MP or MT, even when allowing the confidence level
to be very low.** This means that the experimental unit had
no significant effect on students' oBserved change in perfor-

mance on either of the decidable subtests. Such observed

changes usually indicate random small fluctuations.**

AC: The situation in this subtest is completely different from

~ the two previous ones. First of all, bnly one experimental
student regressed from the inifial performancé,lcvel. Thirty
students (28.8%) remained at pretESF performance level; thir-

teen performed on the high level initiélly, and twelve (11.5%)

remained at the low ‘'level of performance with no apparent
benefit from the program. However, 73 experimental students
(70%) did make progress: 34 (32.7%) jumped from thellow to

the high performance level and an additional 9 (8.5%) passed

*See footnote on page 139,

**%2(.10) = 13.36.




to the high level from the average level. Was it. due to the
effect of the experimentél unit? A look at the control group
part of table 5.7 for this subtest suggests a positive answer.
Sixty-three.(59.4%) of the control group students
started and remained on a low performance level. 'An addi-
tioﬁél 14 studengs (13.2%) at other levels did not change
their performance level; altogether 72.6% stayed at their
initial performance level (compare to 70% in the-experimen-
tél group who made progress). One student jumped from the
low to the high performance level and the remainder is di-
vided into 17 (16%) and.1l (10.4%), respectively, who made
progress or regressed in one category. )
Posttest distributions‘;} the experimental and the
control groups were found significantly different (at a = .001)
by the two-independent sample %2 test (Siegel 1956, Chapter
6). Pretest to posttest progress on the part of the experi-
mental group was found significant (at overall o = .05) by
Bowker's test in all three possible’progress cells: (1) low
pretest level and average posttest level; (2) low pretest

level and high posttest level; and (3) average pretest level

and high posttest level.

The picture for the DA subtest is very similar to that for
the AC subtest. Two experimental sfudents regressed from
high to average performancevlevel, 28 (26.9%) remained at the
same ievel, of whom 10 (9.6%) started off on a high level,
and only 7 (6.7%) started low and did not benefit from the

experimental unit at all. A great majority of the experi-
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mental group, 74 students (71.2%), changed their performance
level to.a'higher one; 22 of them (21.1%) went from low to
high performance level. Significance of all three possibie
changes in performance level was established by Bowker's test
(Marascuilo 1975, Chapter 7) at overall a« = .05,
In the control group, on the other han&, most of the
students remained at their initial ievel -- 44 (41.5%) on
the low level, 15 (14.1%) on the average level, and 8 (7.5%)
‘on the high level, altogether 63.1%. Two students jumped
from low to high performance and one went in the opposite
direction. Twenty-three students (21.7%) moved up one level
and 13 (12;3%5 moved down one level. All the changes on the
part of the confrol group were not fpund significant {(a = ,05)
by Bowker's test,
A comparison of the experimental and the control groups
was carried out using the X2-test of two independent samples
(Siegel 1956, Chapter 6). It shows a significant difference

(at a = ,001) between the distributions of the two groups

reported in table 5.7.

AC and DA: A summary 6f the two undecidable subtests shows with a
high degree of confidence (a = ,001) a significant effect of
the experimental unit on students performaﬁce on both of
these subtests, Téble 5.8 summarizes changes in experimental
group performance levels for the 16 undecidable items.

As seen in table 5.8, 65 experimental group students,

that is 62.5%, had a low pretest score on the undecidable

part of the test. Sixty two of those 65 students moved on

) Q .
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- Table 5.8 Distribution of Experimental Group

Pretest vs. Posttest Performance Levels
on the Total of 16 Undecidable Items (AC,DA)

Posttest POSTTEST
levels
‘ Low Average High
Pretest
levels 0-4 5-10 11-16 Total
Low
P 0-4 3 32 30 65
R Average
E 0 -4 20 24
E High : ' ' |
s 11-16 0 2 13 15
T
Total ! 3 38 63 104
] ' -

the posttest to a higher levellof performance. Moreover,
about half of those low ﬁretest.achievers jumped to the high
posttest performance level.

Altogether 82 experimental students, that.is 81.6%,
changed their pretest performance level to a higher one, 20
students (i.e., 19.2%) stayed at their initial level, 13 of
which achieved the high performance level on the pretest, and
oﬁly 2 students (1.9%) regressed.

The number of high achievers, that is those who consis-
tently chose ''not-enough-clues' as an answer when this anéwer
was right, went from 15 (14.4%) in the pretest to 63 (60.5%)

on the posttest.”

*Further analysis of the right and wrong "not enough clues" an-
swers is given in section 5.5 page 160.

o. 160
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5.3.4 Negation mode subtest results. Each of the four negation

mode subtests contained eight items. Table 5.9 gives pretest and
posttest distributions of scores in percentages for both experi-

mental and control groups. A clearer pitture is obtained from

Table 5.9 Percentages of Students in the

Experimental (n=104) and Control (n=106) Groups

Having Various Scores on Negation Modes Subtests

Negation - — - .
mode
5858 |0-2 3-5 6-8| 0-2 3-5 6-8| 0-2 3-5 6-8] 0-2 3-5 6-8

i)

Exp. | 1.9 79.8 18.3} 9.6 70.2 20.2| 7.7 74.0 18.3{10.6 70.2 19.2

Cont.| 4.7 81.1 14;2 12.3 67.9 19.8]10.4.63.2 26.4] 6.6 77.4 16.0

Exp. | 1.0 37.5 61.5] 1.0 31.7 67.3] 1.0 37.5 61.5] 1.9 31.7 66.4

Cont./ 1.9 83.0 15.1(10.4 68.9 20.7| 4.7 70.8 24.5] 4.7 76.4 18,9

=N oo mX

diagrams 5.4 and 5.5 in which these data are pictured. Again,
starting with the examination of the distributions for the control
group (diagram 5.4), all four negation-mode subtest distributions
are more or less bell shaped, having a peak of between 63 and 81

percent on the 3-5 right answers set. There were only minor dif-

ferences between the pretest and the posttest. The same is true

for the pretest distributions of the experimental group on the

four negation-mode subtests, shown in diagram 5.5.
Experimental group posttest distributions of these four sub-
tests too show a great similarity in shape to one another,

However, they are all shifted to the right, changing from bell-
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shaped fuﬁctions in the pretest to increasing functions in the
posttest. The peak in 3-5 right answers in each negation mode on
the pretest distribution decreases, and is roughly halved on the
posttest. Zero to 2 pretest frequency diminishes in the posttest,
On the other hand, the low 6-8 right answers pretest frequency
increases, roughly multiplied by 3 in the posttest. The marked
difference is apparent between the experimental group's performance
on the posttest and both the experimental group's pretest and the

control group's posttest performance. These results are further

~ analyzed in the next section,

5.3.5 A tempting false conclusion about the effect of negation on

conditional reasoning. Negation mode was designated to items by

the number of times negation occurred in ;he first premise. Thus
negation mode is a language component in thevstructure of the
relevant conditional sentence. The data given in Table 5.9 as
pictured in diagrams 5.4 and 5.5 show vefy small differences amoﬁg
the distributioné of the different negation mode scores on pretests
and posttests for the experimental as well as for the control
group. Recall that negation was found to add special difficulty
to logical reasoning (see section 1.4.7). Therefore, the results
as presented above are very s@rprising. It is particularly sur-
prising because the strﬁctUre of the negation-mode subtests seems
to control for the logical form of the items by the fact that each
negation mode subtest is composed of fouéipairs of items, one pair
in MP, one in MT, one in AC, and one in DA logical forms. Due to
this identity in logical forms composition of the four different

negation mode subtests, it is tempting to conclude from the
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distribution's similarity that negation in the first premisé did
not make much difference in participating students' performance on
the conditional reasoning test as a whole. ‘Mdfeéver, it may even‘
suggest £héthoﬁQJtiona1 reasoning is as easy from "++'" conditional
premise as it is from a "--'"" one.’ However,wthe last cohclu;ion is
false. The situation as descriﬁed is an excellent example of an .
observed similarity caused by masked differences ana Aot'by'a true
similarity. This phenomenon will be discussed here following the
logic béhind M. G, Kéndall's coefficient of’concordaﬁCe;'

Suppose four raters are asked to rate four ratees. Call the
raters A,B,C,D, and the ratees W,X,Y,Z. Final judgm;nt on the
ratees: is based ﬁpon the total score giyén to each ratee by the °
raters. Consider two extreme cases. (i) .A11 four'ratefs agree on

the rank order of all four ratees., (ii) There is not even one

ratee on whose rank order any two- raters agree. .-Table .5.10 gives .

" a particular rank order to exemplify each of the two cases.

Table 5.10 Total Agreement and Complete Disagreement Among

lypothetical Raters on Rank Order of,Hypothétical Ratees.

Case (i): Total agreemeqt' Case (ii): Comblete disagreement

' . Raters 7 Raters
Ratees [, ' ¢ Ratees| A B C D Total
—\‘E
W 1 1 1 1 4 3 2 10
X 2 2 2 2 1 4 3 10
Y 3 3 3 3 2 1 4 10
Z 4 4\\\4 4 3 2 1 10
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The total column in case (i) of table 5.10 shows a great
diversity of the total score in case of total'égreement among the
raters. The total column in case (ii) shows identical total score
in the case of complete disagreement among the raters. This is in

fact a very logical outcome sirce in the case of total agreement

it could be very easy to grant first prize to the ratee who was

l _ judged to be the best one by all four judges.v But in the case of
| total disagreément among the raters it would be extremely diffi-
A ‘ cult to decidé who deserves the first prize. The example above

' ’ illustrates the fact that when raters have exactly equal judgments

‘ - total scores are extremely different, on a 10 + 6 range. And when
raters have no agreement in judgments all total scores are 10;

Let us come back to the two different partitions of the test
used in the present study, into four sﬁbtests -~ one by negation
mode and one by logical form. Mean scores‘for_type-mate pairsbof
items were computed for the experimental gféup pretest and bost-

. test separately. Table 5.11 shows the decreasing order of mean
scores which may be interpreted as increasing order of difficulty
of (i) logical formsiwithin each negation mode, and (ii) negation
modes within each logicéi form. Case (i) of Tables 5.10 and 5.11

% are similar to each other. The same holds for case (ii) in these

' two tables. This similarity brings the discussion back to the

tempting conclusion of negligible differences among negation modes.

)
The right hand side of Table 5.11 suggests a different analysis
‘ ‘ of the results. Total rank order scores in case (ii) of this
.
b table is 10& + S in the pretest and 93 * 13 in the posttest. (Com-
pare with 10 + 0 in the extreme case of table 5.10.) As explained
' O
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Table 5.11 Rank Order of Increasing Difficulty of

(1) Logical Forms Within Negation Modes

(if) Negation Modes Within Logical Forms

R A e, J

(1) logical forms rated (ii) Negation modes rated
by negation modes by logical forms
| Raters - Raters
Ratees ++ +- -+ -~ "Total Ratees MP MI' AC DA Total
_ n ]

P | MP 2 2 1 1 6 P ++ 2 1 4 3 10

R R : . .

E MT 1 1 2 2 6 E + - 4 2 1.5 2 9.5

T T

E AC 4 4 4 4 16 E -+ 3 4 1.5 1 9.5

S ‘ \ S

T DA 3 3 3 3 12 T - 1 3 3 4 11

Piw |1 1 1 1 a4 [Plaes|1 1 4 2 8

0 0 , _

S S . ’

T ‘MT 2 2 2 2 8 T +- : 4 3 1 3.5 11.5

Tlac |4 3 35 4 wms|i|-+l2 2 2 35 9.5
1s | S

T | DA 3 4 3.5 3 13.5 T - 3 4 3 1 11

]

for case (ii) of Table 5.10, the small variance of total scores
indicates a great diversity. In the pretest part of Table 5.11
case (ii), there is only one place where two logical forms agree

on the rate of any negation mode -- in both MT and AC ";-“ is

third in order of difficulty. DA aﬁd MP, however, take two exfreme
ratings on‘tﬁis negation mode. On the other hand in rating "++",

MT and AC take the extreme ratings 1 and 4 respectively, and DA

and MP are closer to each other. Adding the ranks across logical
forms would cover these opposite trends. To take another example:
exanine the posttest ranks for '"--""and "+-" in the different

logical forms. "4+-"" was found the most successful mode in AC

i67




fﬁl one in DA, and was the least successful mode in the MT subtest.
Despite the fact that rank profiles for "+-'" and for "--" are
almost at opposite extremes, when their ranks across logical forms
are added, the totals appear to be very close: 11.5 for "+ and
11 for "--'", Again, it is the big difference that causes the

great similarity. In short, negation indeed did make a difference
in subjects' learning of conditional reasoning as measured in the
present study.

Turn now to case (i).of tables 5.10 and 5.11. Logical forms
are similarly rated by negation modes. This can be seen by com-
paring ranges of the total columns in tﬁe-pretest and'in the pést-
test parts of case (i) table 5.11 -- 11 + 5 and 9.5 5, respec-
tively. (Compare to the ideal case of table 5.10 where the range
is 10 = 6.) Indeed in both the pretest and the posttest parts of
casc (i) in table 5.11, MP and MT are sco;ed 1 or 2 in each nega-
tion mnde and XC and DA are scored 3 or 4 in each negation mode.
In other worQs, in ea:h negation mode separately and in both pre-
and posttests, decidable problems (MP, MT) were more successfully
answefed than undecidable ones'(AC, DA). This conforms with the
results for logical forms subtests added'across neéatiqn mode, given
earlier;in section 5.3.2, page 133. | |

Following the analysis of case (i) in table 5.11, tﬁe rgsults
from here on will be considered in terms of logical fprms across
negation modes. Analyéis of negation modes across logical forms

) ' : 151
subtest and was the least successful mode in MP subtest, whereas .

‘ E "--'"" was the third in both of these subtests, was the most success-

’ will be omitted to avoid distorted conclusions.
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5.4 Statistical Analysis of the Results

5.4.1 Analysis of variance on pretest scores. Eight fifth-grade

Classes participated in the main study -- four experimental

classes and four control classes. Altogether 210.students were
involved, 104 iJlfourexperimenfal classes and 106 in four control
classes. An analysis of variance on the pretest scores was de-
signed to determiné whether or not the eight classes had a compar-
able initial performance level in conditional reasoning as measured
by the test. Table 5.12 gives the results of this analysis for |

each logical-form subtest.

Table 5,12 ANOVA on Pretest Scores

; *
el seme ar s ws [T
; e e —
Between classes 7 16.6 2.4 ° 1.6,
MP - Within classes 202 311.6 1.5 |
Total 209
Between classes 7 14.4 2.1 _ <1
MT Within classes 202 450.96 2.2
Total 209
Between classes 7 43,3 6.2 _’ 1.3
AC Within classes 202 976.3 4.8
s
Total 209
Between classes 7 18.5 2.7 , <1
Within classes 202 1030.1 5.7
- Total 209 ‘

*F values obtained by interpolation,
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According to the results presented in Table 5.12, the hypo-
theses of equality among the eight classes' means is not réjected
for any logical form, even when a hiéher risk of .10 is taken for
type-1 error. It should be noted here that one of the assumptions
upon which the analysis of variance rest§ is not safisfied for the
data analyzed above. Namely, scores of each class are not dis-
tributed normally.\ Class distributions are rather similar to
whole group distributions given in diagrams 5.2 and 5.3. However,
Norton, cited by Guilford and Fruchter (1973), varied the shape of
distribution in various ways,

"r aking it leptokurtic, reétangular, markedly skewed and

even J-shaped..., One general finding was that F is

rather insensitive to variations in shape of population
distribution."

Table 5.13 givgs class and group means and standard deviations
for pretest, posttest, and gain scores. As can be seen from this
table, in AC the standard deviation is exceptionally low for class
1 of the experimental group. This is the oﬁly case where the
assumption of equality of variances within claéses, which is neces-
sary for execution of analysis Qf variance, is violated. However,
since the means were found to b;'insignificantly different, this .
violation should not be important. Only when means are found to
be significantly different will violation of that assumption
interfere because the difference found may theﬂ indeed be attri-
buted to the differences between the variances and not to dif-

fersnces between the means. The above quote of Norton's results

continues to say:
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"Even if some pair (of variances) shows a significant dif-
ference, one may proceed with analysis of variance, but
should then discount significance level somewhat. If F
proves to be significant at the .05 level, this result may
actually indicate significance at levels .04 to .07."

In the above case, differences were not found to be significant
even at .10 level, therefore the conclusions are justified, that
all classes of the main study were not significantly different

initially.

5.4.2 Analysis of variance on gain scores. Based on the findings

in the previous section, one may proceed to analyze the variances
of posttest scores without considering pretest scores as co-
variants., However, distributions of posttest scores were not
normal (see diagrams 5.2, 5.3). Even thoqgh, aé mentioned earlier,
the analysis of variance is tolerant of violation of the normality
assumﬁtion, gain scores seemed to pfovide more adequate data for
the foliowing reasons: a) Gain scores are alternative data for
measuring the progress students made between tests, b) Gain score
distributions were bell-shaped and closer to normal than posttest ~
score distributions as can be seen from diagrams 5.6 and 5.7.

Examination of diagrams 5.6 and 5.7 show that gain-score
distributions were centered around zero in all logical forms for
the control group and in MP and MT in the experimental group.
However in AC and DA for the experimental group the gain is cen;
tered between 3 and 4. These results are consistent with those
mentioned in section 5.3.2, .

Table 5.14 gives the analysis of variance for testing equai-
ity of mean gain-scores between experimental and control groups on

each logical form subtest.

©
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The results of the analysis given in Table 5.14 are as

follows:

(a)

(b)

(c)

NQ_significant.difference was found between experimental- and
control-group mean-gain scores on either MP or MI'. Note:
pretest scores on these subtests showed‘q high initial per-
formance level. |
No significant difference was found among mean-gain scoreskof
experimental group classes, nor among those of control group
classes; |
A significant differehce was found Getween'the mean-gsir
scores of the two groups on both AC and DA. Howevef, the
hypothesis of equality of varianées of the two groups was
rejected at .05 level of significance. As mentioned earlier
(see section 5.4,1) Norton found the analysis-of-variance
tolerant of certain violations of the equality-of-variance
assumption, and indicated the need to consider the signifi-
cance level lower in such a case. In both AC and DA cases,
F-ratio is greater fhan the critical valge not only at .01
significance level but evenat .001; So, lowering the signi-
ficance level will still keep the difference significant at
.01 level,

This statistical treafment establishes the conclusions
one would have drawn intuitively from the data presented in
diagrams 5.6 and 5.7. It also establishes the conclusions

qualitatively drawn in section 5.1, 5.2, and 5.3.
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5.5 Did Students Learn Anything Beyond the Legitimacy of "Not-

Enough-Clues" as an Answer? *

The psychological difficulties involved in giving the answer
"not-enough-clues'" were discussed earlier (see footnote on page
124). Throughout the teachlng period &f the study, experlmental-
group students were exposed to a var1ety of problems for wh1ch
this answer was right. It would not be surprising, therefore, if .
they had overcoﬁe the psychological block due to their new experi-
ence in which '"not-enough-clues'" was legitimized. The purpose—of
this project was far too ambitious to be satisfied with only this
achievement. - Therefore, the data was examined in various ways to
find.indications of learning the logical meaning of‘"not-enough-
clues'" which expresses an inherent logicél undecidability, over and;

beyond its legitimacy as an answer.

5.5.1 Analysis of NEC uses by individual students. The‘auestion :

of fight and wront NEC answers on the posttest as compared with
that of the pretest for the‘expe;imental clgss was first attacked
through individuals' frequencies qf chooéing it.

For each experimental-group student the number of times he/she
answered NEC rightly and wrongly was ;ounted on both the pretest
and the posttest. Individuals' pretest to posttest gains were
computed for the right uses and for the wrong uses. As 16 items
had NEC for the right (wrong) answer, the gain in the right
(wrong) NEC uses could go from -16 to +16. Beqause the desired
outcome was a decrease in the number of wrong NEC.answeré‘(i.e., a
negative wrong use gain), an increase in that numbef; that is

>
Lt - . P
a positive wrong use gain, would be interpreted as overlearning

*Overlearning was the term used by teachers for students who learned
to increase NEC usage without distinguishing when it was correct.

=
-1
-3
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- of the NEC case. To extract the overlearning effect, the differ-
ence between NEC right;use gain and wrong-use géin for each stu-
dent was computed. This difference would be interpreted as an
indication of learning of the true meaning o% the NEC answer. Dis-

tribution of this difference is given in table 5.15.

Table 5.15 E}perimenfal Group Distribution of the Difference between

Individual Gains on Right Uses of NEC and Wrong Uses of NEC.

Difference | -32 to -2 | -1 | 0 | 1
T |01

23] als] 6]7]s|
Frequency | 0 | 10713 0] 8 719716

leference | 9 AL lﬁl
51 11}

| 13 | 14 | 15 | 16 to 32 | omitted |
Frequency [ 2

T 2] o 20 |

Two extreme values of the difference between the right and
the wrong use gains are discussed below,

The largest possible value for the difference reported in

table 5,15 is 32, wﬁich results from a +16 gain in right use of
NEC and a -16 gain in wrong NEC use. This extreme value would be
interpreted as pure between-tests learning of the undecidability

expressed by NEC answer, This is because the only way a student

could obfgin these gains would be to have on the pretest sixteen

(the maximum) wrong NEC and norne on the posttest in addition to
| : _ zero right NEC answers, i.e,, no correct AC or DA item correct on the

) pretest and all sixteen AC and DA items correct on the posttest.

The smallest possible value for the difference repofted in

tablé 5.15 is -32 which results from a -16 right use gain and a

) ' +16 wrong use gain. Such an outcome is the least desirable and

would be interpreted as pure overlearning. Twenty students whose
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gain in both right and wrong NEC uses were within the +3 range
were omitted from the cqmputatidn of difference;between the two
gains because such gains in bo;h right and wrong usés of NEC were
considered insignificant in view. of the similéf fluctuation.in the
control group.* A - .

Therefore, in general a positive differénce in table 5.15
indicates true learﬁing and the larger the posi;iVe difference,
the moré true léarning occurred, A negétive difference in table
5.15 indicates overlearning of the NEC case and fhe smaller the
figure the more overlearning occurred, Only one student had a
negative diffefence, and this was -1, the minimal overlearning
possible, t%his stu&ent had 4 and 5 rightvand wrong gains respec-
tively.)

A positive number in Fabl? 5.15 was obtained in three cases:
(i)  When the right-use and wrbng-use gains were positive but the

fight-use gain was greater than the wrong-use gain. (At

)

least one gain had to be greater than or equal to four.):

This was the case in 65 éf the 83 positive differences.
(di) When the right¥use é;in was positive and the Wrong¥use'gain

was negative, (Absolute;véiue of at least one gain was 24JG

~ This was the case in 16 of the 83 positive‘differences.

(iii) when Both-the right and the wrong gains wefe negative but
' the right gain was greater (smaller absolute value). This

was the case fn 2 of the 83 positive differences; one had'a

difference of 1 and the other had a difference of 11“

o o

*0f these twenty students, ejghteen had a right-uses gain greater
than or equal to the wrong uses gain. Also, eighteen of these
tweaty students had a positive right uses gain.




»So, 81 expe;imental-group étudents, i.e., 77.9%, exhibited
learﬁing of the tfue ;éaning of NEC to some eitent. Sixty oft
these 81 stﬁ&énfs, i.e., 58.7% of the experimental group, obtained
a difference ofv6 orfmofe. It seems safe to infer from the data
in table 5.15 that at least 55% of the.students learned the logic

behind the NEC answer and not just the legitimacy of NEC as an

answer.

5.5.2 Analysis of average use of NEC per test item. Using the

NEC columns of tables 5.2 and 5.4 (pages 125 and 129), the average

number of uses of NEC as an answer per item within each logical

form were computed. They are given in table 5.16,

It should be noted that in MP and MT (decidable) subtests,
NEC was never the fight answer, In all items in the AC and DA
(the undecidable) subtests, NEC was the (only) right answer.

Based upon control-group averages, as shown in table 5.16,

Table 5.16 Percént of Students Giving the Answer NEC

Per .Item (Averaged) in Each Logical Form Subtest.

: : Experimental Group Control Group
Logical form
Pretest Posttest Pretest Posttest

MP ’

(NEC is wrong) 7.8 9.9 | 8.0 9.9
MT

(NEC is wrong) 9.4 12,9 . 8.6 6.9
AC .

(NEC is right) 1 24,3 67.9 22,1 23.8
DA .

(NEC is right) 31.3 70.3 33.0 36.2

4

i80
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pretest-posttest fluctuations of :1;9% would be considered as
random fluctuations, resulting from learning‘from'the‘pretest,
differences in weather, the passing of a month's fime, etc., etc.
The fluctuations in the number of (wrong) uses of NEC as ah
answer in the decidable subtests -- MP and MT -- on the part of
the experimental group, are of no more than +3.5. This increase
in the number of wrong NEC ansﬁers would be attributed to over-
learning of the NEC case.. In fact, because an increase of about

1.9 might be attributed to other random factors that influenced

both the control and the experimental groups, only about 1.6 should

"be considered as resulting from guessing due to legitimization of

NEC as an answer. To stay on the conservative:side, the tofal
3.5% will be considered as attributed purely to this factor,

The experimenter considered the number 3.5, iﬁterpreted as
overlearning of NEC, a low percentage. To separate the learning
of the true meaning‘gf NEC as an answer, 3.5 wasvsubtracted from
posttest mean ség;es'For the two logical forms in which fhis
answer was correct ——'AC and DA. For the experimental group this
subtraction still leaves a posttest minus pretest difference of
about 40% on AC and of about 35.5% on DA. So, between the pretest
and the posttest, an aéerage of 35-40% of the experimentél group
students per undecidable item learned to choose NEC as aﬁ answer'
indicating that a_conclusion.does not necessarily follow from

the premises.*

* . . . . . . . .
Notice that this is an item average. It doecs not'indicate consis-
tency over items. Consistent answers were discussed in sections

.5.3.1 for the test as a whole and in section 5.3.2, 5.3.3 for the

undecidable items.

181
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5.5.3 Analysis of total NEC uses, Table 5.17 gives the total

number of times NEC answers were given rightly'and.wrongly“by all
experimental group students in the decidable subtests (MP and MT)
and in the undecidable subtests (AC and DA).

There were altogether 16.items in AC and DA subtestS.‘ If all
items were answered rightly by all 104 experimental group subjects,
the number of right uses of '"Not-enough-clues' would come tb 1664 .
As table 5.17 shows, the observed number of right uses in the
pretest was 462, i.e.,‘27.8% of thé total possible number, whereas
in the posttest the total reached 1150, i.e., 69.1%, an increase
by-the factor of 2.5, If this increase was only due to learning
that NEC is a legitimate answer and not to the learning of its
logical meaning, the same rate of increase by 2.5 should have
occurred also in the wrong uses of this answer. However, as table

5.17 shows, the number of wrong uses of NEC went up only by a

Table 5,17 Observed Number of Right and Wrong Uses of the

Answer: Not-Enough-Clues, by Experimental Group Students (n=104)

MP and MT AC and DA Whole‘ Test
(16 items) (16 items) (32 items)

Pretest Posttest | Pretest Posttest | Pretest Posttest

Right - o - 0* 462 1150 462 1150
Wrong 143 201 0** 0** 143 201
Total 143 201 462 1150 604 1351

i

*NEC Could not be given rightly in this part of the test (all’
right answers in this part were yes/no).

**NEC could not be given wrongly in this part of the test (all
questions in this part had NEC as their right answer).

182
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factor of 1.4, from 143, i.e., 8.5%, to 201, i.e., 12%, of the
maximum of 1664 posgible wrong uses.

The total number of uses of NEC as an answer in the entire

test wént from 605 in the pretest to 1351 in the posttest, an
absolute increase of 746 uses. This is an increase of 58 in the
number of wrong uses (7.8% of the total 746 increase) versus an
increase of 688 in'themright ones (92.2% of the total shift), vHad
the 746 total increase come only from guessiﬁg due to learning e
just that NEC is as legitimate as yes or no, the increase in the
wrong uses of NEC should have been.equal to that.of\the right
uses, i.e., 373 each, rather than the observed iﬁcreaserof 58 and
688 respectively. The expected posttest use of NEC based upon
that assumption comes to 835 (= 462 + 373) times rightly, and 516
(=143 + 373) times wrongly. How likely is it to obtain these
observed 58 and 688 increases, if indeed all the experimentél
group had learned was that NEC was an acceptable alternative?
How significant is the difference between the observed use of NEC -
in the posttest -- 1150 times rightly and 201 times wrongly, and
the expected posttest use of NEC based upon the above assumption
-- 835 rightly and 516 wrongly? | ‘

Had the data in table 5.17 been based upon independent

observations, a binomial test would be proper for answering the

- first of the two questions, and a chi-square test would provide an

answer for the second. Because data are based upon adding across
individual students' uses of NEC, which cannot be regarded as
independent events, no statistical analysis of these data with

regard to those questions was found adequate. lence, it is left
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to the reader to judge the significance of these results. To the
experimenter it seemed exaggerated to assume that the above re-

sults were obtained even though absolutely no new understanding of

the logic behind the NEC answer was gained. Therefore another

hypothesis concerning the amount of guessing was tested.

Suppose only 80% of the additional posttest uses of NEC, i.e.,

598 times, was due only to legitimization of this answer. Then

half of the uses (299) .would be wrong and the other half (299)
right, This hypothesis yields an expected shift of 299 uses in
the wrongly used NEC, &s opposed td the observed shift of 58,
which is about 5 times smaller.” The likelihood of this obser-
vation based upon the above new assumption is again to be judged
intuitively. Table 5.18 shows repeated similar considerations
with varying hypothesés on the percentage of the shift attributed
to random use.

With the absenée of appropriate statistical tests, interpre-
tatibn of the results in table 5.18 were based on experimenter's
intuition. It seemed reasonably safe to conclude that no more
than 25% of the total NEC shift was due to learning'just-NEC's
acceptability as an alternative answer. This may be interpreted
in different ways: either each student exhibited overlearning of
NEC in 25% of the items, or 25% of the students exhibited over-
learning in all items (i.e,? 75% of the students learned the pro-
per use of NEC), or some other combination. At any rate, at least

qualitatively there is strong evidence that a significant learning

fOnly wrong uses are considered here. The argument for the shift
in right uses is similar and gives equal results.
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Table 5.18 Expected Additional Posttest Wrong Uses of NEC

{ ‘ ' Based upon Various. Assumptlons on the Portion

Due Only to Legitimization of that Answer _

] Y

Hypothesized per-{ Expected shift
centage of total | in wrong uses R
shift attributed { of NEC (half of shift in expecteg and

only to | ‘the hypothe- wrong uses| observed use

legitimizing NEC | sized number of NEC of NEC '

Observed
total

shift in
INEC uses

Observed | Ratio between

746 ©100% 373 58 6.4
746 | 80% 299 58 5.2
746 50% 187 58 3.2
746 30% 112 58 1.9
746 25% . 93 58 1.6
746 , 20% - 74 58 - 1.3

746 15.6% 58 58 1

occurred beyond the effect of decreasing inhibition towards NEC.*

hypothesized model for error prediction. As was shown in Table

5.17, there was a pretest-posttest increase by a factor of 2.Z in
the total number of NEC answers on the part of the experimental
group. Consequently the total number of yes/no answers decreased.

Since most of the shift in NEC occurrences - 78% - was 1n the

right-use direction, naturally the decreasing number of yes/no

*To combine the results here with those reported in the previous
section, one should keep in mind that the 58 shift in the wrong
uses of NEC is the total for all students for all items. By

"averaging over 16 items (in which NEC could be wrong) we get 3.6
per item which is 3.5% of 104 students The latter is the
figure given in section 5.5.2.

{ 5.5.4 Analysis of right and wrong yes/no answers with respect to
)

Q \ ‘ 185




answers wili show mainly in their wrong uses.

® An examination of item profiles given in table 5.3 (page 127)
provides evidence that, in the pretest, students who answered yes
or no to AC and DA items, i.e., answered incorrectly, in most

) » cases did Il_Oi randomly guess between yes and no. In most of these
items there was a pattern of preferred error which conformed with
the model for error prediction stated in section 1.7.3.% Table

3 5.19 gives pre- and posttest item profiles for this group.**

Looking at posttest undecidable items (AC and DA) in table

5.19, it is crear that in ail of these items the right-answer
D : frequency is consistently higher than the wrong-answer. frequency,
contrary to the situation in the pretest, However, the pattern
of wrong answers did not change and, except for item 6, the pat-
D tern nicely fits the predicting model of section 1.7.3.
On the pretest the majority of the students anéwered rightly
the decidable (MP and MT) items and wrongly the undecidable ones
> (AC and DA). On the posttest unde;idable items as well as
decidable ones were answered rightly by the maiority of the
students. In other words they learned to separate out the undecidable
) _ case. One might question whether indeed students learned through
the teaching period to distinguish between decidable and undecid-

able items, or whether they might have possessed this ability from

*The pattern is indicated in table 5.3 by the underlined numbers.

**In the posttest the control group did not change much, Therefore
only the experimental group's posttest wrong answers pattern is of
interest.
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Table 5.19 1Item Profiles for Experimental Group
‘ Pretest and Posttest (n=104)
(Right answers are circled. Errors expected from
model in section 1.7.3 are underlined,)* '

Item Logical Negation Pretest Posttest

No. Form Mode Yes | No | NEC ! Skipped Yes | No | NEC | Skipped

1 MP ++ 4 7 1. 94 7 3 0
23 ++ 131 8 0 894 31 12 0
25 +- 31 13 0 85\ 13 1
30 L 4- 3 5 1 11 \83 4 10 0 .
11 -+ 9 H 8 0 0N 5 9 0
13 , -+ 831 91 12 0 18 0
19 .- 2 Y97 4 1 6 14 2

3 - 8 \88 8 0 3 14 0
22 MT -+ 1 /57\ 6 0 2 /EI\ 16| 2
31 ++ 2[89 1 10 3 71 88 9 0

8 +- 17169 | 16 2 6182 ] 15 1
16 +- 3 \g;/ 6 0 14 \zg,% 14 0

5 -+ V/EE\ 33 | 16 2 83\ § ' 15 1

9" -+ f8) 1] 14 0 79 110 i 14 1
20 -- 87113 | 4 0 76 17 | 10 1
28 — N2/ | 6 0 \zg/ 16 ' 15 0

| |

2 AC w Lol 1 {23\ 1 36| 3|60\ 1
14 ' ++ 80| 5 ]j16 3 351 0 |68l 1

4 +- 66 | 1 ||33 4 271 21|73 2

7 +- 90 2 |23 0 18| 2 ||84 0
21 -+ 42 | 31 (|31 0 4120 |]79 1
27 -+ 177 |} 25 1 10 |31 |62 1
12 -- 31 |47 || 26 0 6 128 ||70 0
18 - 3175 |\25/ 1 11 128 {65/ ©
17 DA ++ 5171 127\l 1 525 |/74\] o
10 ++ 6 167 || 30 1 0 {35 |69 0

6 += 49 (18 |} 37 0 14 |18 {69 3
32 +- 30 |37 || 34 3 20| 9 |} 73 2
29 R 4 166 |l 30 4 7 (22 || 74 1
15 -+ 8 |57 |44 0 2 133 169 0
24 -- 54 179 a1 o 21 {76 5 77 0
26 -- 82is 7/ o I71 6 \80/| 1

L Pl

*This table in fact reproduced data given previously in tables 5.2
and 5.4, The numbers here, however, are numbers of students, not
percentages.
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the beginning, but were unable to exhibit it due to their reluc-
tance to choose the answer "not enough clues," for psychological
reasons irrelévant'to logical reasoning. If the latter is right
and, as a result, undecidable items were answered at rahdom, each
of the three alternative answers -- yes, no, not enough clues --
would have had the same frequgncy on each AC and‘DA item of the
pretest. Or, at the least, the yes/no answers which were wrong on
the undecidable items would have had equal distribution per item.
As table 5.19 shdws, this was not the case, The existence of a
clear wrong-answer pattern in the AC and DA subtests indicates
that in tackling undecidable items students in general were not
guessing but thinking. Sometimes their thinking yielded the
right answer -- NEC --vother times it yielded an explainable yes/
no mistake. The ratio between the frequency of right answers and
that of expected errors is in favor of the expected error on the
pretest and is in favor of the riéht answer on the posttest for
all AC and DA items. The cleaf evidence of non-random wrong
answers on the pretest, along with the pretest to posttest shift
from expected error to correct answers indicate that indeed
progress in the experimental-group students' conditional reasoning
ability accounts for the marked gain in score.

As mentioned already, there was a noticeablé difference

hetween the number of right and the number of wrong answers for

each of the pretest decidable items in favor of the right ones,
but this was not so for undecidable pretest item profiles., Post-
test profiles show preference to right answers in all items.

These observations should be interpreted as follows: on the

Q. 188
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posttest, experimental-group students were highly,capabie of
determining whether or not a conclusion followe& necessarily from
the premises, but on the pretest they failed to do so. Most often
they regarded a conclusion as a necessary one while in fact it

was not. This becomes clearer in comparing the patterns of right
"yes'" and ''no" answers on MP and MT (circled in table 5.19) with
patterns of expected wrong yes/no answers in AC and DA respec-
tively (underlined). Such a comparison clearly shows that most

of the wrong answers to AC and DA items can be explained by con-
sidering AC as MP and DA as MT, taking for granted that the con-
verse of the given cqnditional premise holds too. Table 5.20
gives the ranges of yés/no right answers and expected errors. The
ranges as given in table 5.20 overlap largely in the pretest but
are distinct and far removed from each other on the ﬁos test as
can better be seen in diagram -5.8. This reinforces the conciusion
drawn above about the students'change in ability to distinguish

between a necessary and an unnecessary conclusion,
L] )

Table 5.20 Range of Yes/No Right Answers on MP and MT

(numbers circled in table 5.19) and Expected Wrong Answers

on AC and DA (numbers underlined in table 5.19)

Right: ' Expected error:
Yes/No Yes/No
MP CMT AC DA
= —=y
: Minimum 60 53 31 30
Pretest .
Maximum 97 97 80 82
. Minimum 82 73 18 14
{Posttcst
! Maximum 94 88 36 35
|-
b3




Diagram 5.8 Ranges of Yes/No Right Answers on the Decidable Part
of the Test (W) and of Yes/No Expectéd Wrong Answers
on the Undecidable Part of the Test (zZzxy) as
Predicted by the Model in Section 1.7.3

Pretest | !
. 1 {
10 20
Posttest | /K//W///ﬂ//////// I | HW—L—
10 20 30 b

40 50 60 70 80 90 100

The pretest situatiﬁn supports Henkin's conjecture (section
1.7.3) about right MP and’MT answers due to a fortunéte mistake
by "language balance' which is responsible for wrong AC and DA
answers as well. It supprots also O'Brien's interpretation of
mastery of MP and MT, but lack of ability on AC and DA items due
to conversion or inversion errors. The postteﬁt situation (bottom
line, diagram 5.8) shows a marked difference between the ranges of
yes/no fight answers on decidable items (MP,MT) and the ranges of
yes/no expected wrong answers on uﬁ&ecidable items (AC,DA). This
indicates that in the posttest most decidable items were not an-
swered rightly on the basis of some sense of language which has
nothing to do with logic, but rather on the basis of valid reason-
ing. For if this were not the case, wrong answers due to '"language
balance'" would occur as frequently as right ones and their ranges
would not be disjoint. So even though no significant change in
performance on MP and MT was observed, it is not unreasonable to
assume a change in ¢ udents' understanding of these forms as well
as of AC and DA.

The ‘ast comment about wrdng answer patterns has to do with

decidable items -- MP and MT logicai types. Wrong answers on

190
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those items were not as frequent as those on the undecidéble items. -
On the average about 17% of the students gave wrong answers to an
MP item and about 26% to an MT item. Comparing the pretest wrong
answers on MP and MT'items to the posttest ones we get the follow-

ing table 5.21:

Table 5.21 Average Number of Wroﬁg Answers Per Item in MP and MT,

J A ~ Pretest Posttest
Opposite NEC Opposite NEC
MP 8.9 8.1 5.2 11,6
MT 16.3 11.0 9.6 13.5
Decidable
subtest 12,6 9.6 7.4 12,6

The data in table 5;21 shows a clear difference betweéﬁ the
‘pretest and the posttest patterns of wrong answers on decidable
items. Whereas on the pretest more wrong answers were opposite
answers (yes where no is rigﬁt,yand vice versa).than NEC answers,
the situation on the posttest was reversed. Expressing undecid-
ability between yes and no instead of a straight'contradictory
answer may at first appear as a change in the right direction,
llowever, this is not a real gain since both are wrong. It is more
reasonable to attribute this change to the re;ognition of NEC as
a valid answer, aﬁd possibly to some overlearning it as discussed

in the previous sections.

x. »
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5.6 Standard Schoal Achievements and Sex Differences with Respect to

the Results of the Present Study,

5.6.1 Non-correlation with S.A.T. and with sex. The Stanford

Achievement Test (S.A.T.) was administerqd'in all eight partici-
pating classes about four months prior to the pretest. The dis-
tribution of National Séanine as determined by that test, and the
mean national grade-equivalent for each class were given in table
4:2. The tptal battery mean scores -for experimengal andAcontrol
groups were giﬁen in table 5.1. Table 5.22 showsqcorrelation~coef—
ficients between (i) sex, the three mathematics subfests of S.A.T.,
‘reading and science subtests of S.A.T., and (ii) pretest, posttest,
and gain scores on the four‘logicaifform subtests of the present
study for the expeTimental and the control group; No number in
table 5.22 is above .45. In fact most of them are ciose to zero.
In particular none of the fiye S.A.T. subtests considered were
found to be good predictors for success in the pretest, in the
posttest, or for learning the experimental material as measured by
the pretest-posttést gain scores. Intuitive'logic seeﬁs in this
case to be uncorrelated with other school topi;s such as mathe-
matics in any of its standard school aspects. These results
indicate that no linear relation is a good approximation for the

‘ relations between any of the five ordinary school topics studied

and application of the relevant hasic logical rules on an intuitive

balanced school mathematics curriculum discussed in section 1.1.2,

{ . level. Such findings reconfirm the need for change in the un-
| or for an indepe.dent place in the curriculum for logic.

| . -

|

\ ‘ . “ .
There was also no correlation between students' sex and ejther

b vG~( | 1.923«
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Table 5,22 Corrélation,Coefficients Between

(i) Sex, S.A.T. Subtests, and (ii) Pretést, Posttest

and Gain Scores of the Present Study.

[In each square the upper left number is for the experimental group
(n=104) the lower right number is for the control group (n=106)]

- v .

| Stanford quieyement Test
Sex s Mathematics ‘JReading |{Science
Concept |Application{Computation

.07 .08 .24 .27 .21 .15
.07 .19 .22 .17 .10 .05

wrl| - 16 .23 .13 .15 .19 .18
PRE- .08 .21 .21 .18 .26 .24

TEST acll-+02 .39 .29 .35 - .25 .24
.00 .12 .14 .23 .24 .23

pall--03 .43 .32 .34 .35 .23
.10 .27 A7 .40} .31 .30

wll +27 ] .23 .20 | .25 .32 .21
.21 051 - .09 .05 .00 -.04

wr il <00 .29 1 .32 .30 .24 .24
AposT- 041 0 21 | .25 .14 .24 .22
TEST el 17 .38 .26 .25 .32 20 ¢
-.05 1" .31 .24 .42 .29 .39

o .10 -1 .24 .41 .37 .45 .33
.03 .39 .31 .43 .43 .43

wp il 18 .14 .00 .03 12 .07
Jda b -l12 -.10 -.10 -.08 -.08

wr I+ 14 .03 14 .1 .11 03 .03
GAIN -.05 -.03 00 -.06 -.06 -.05
SCORE acll -18 .06 - |.07 -.14 .02 07 .
-.07 .26 14 .26 Jdo0f - .23

oa Il -13 .06 .03 .04 .03 .05
g -.07 .19 19 .09 .18 .20
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pretest, posttest, or learning in the present study as measured by

gain scores.

5.6.2 High} average, and low S.A.T. achievers' performance in the

present study. Table 5.23 summarizes pretest, posttest, and gain-

score means for experimental-group subgroups by high, avefage,~and

low national stanine levels in regular school mathematics, reading,

" and science. The small number of students in each of the low

stanine categories makes questlonable the re11ab111ty of any
analysis hased upon the obtained low stanine's means. However, a.
comparison of the high stanine subgroup with the averagé stanine
subgrhup forccorresponding S.A.T. subtests shows that for all
logical forms,.pretest and posttest stores.of the high stanine
subgroup were hlgher than those of the average stanine subgroup.
But both levels of stanine showed very similar patterns of gain
scores. In fact, in AC, DA, and totals, the gains of the average
stanine subgfoup were higher than those of the high stahfhe sub~
group on three out of the five S.A.T. subtests -- MEth-computation,
reading, and science. This implies that on the posttest the aver-
age stanine subgrohps for these three topics cgme closer to the
high stanine subgroups than they had 6n the pretest. 1In all
cases both high and average level students benefittgd signifi-
cantly from the experimental unit. The mean scores for the entire
. / .
experimental group,fhhich were analyzed in the previous sections
and were found statistically significant in AC and DA, were there-
fore about equally influenced by the progress of above-average
students and average ones. The few students whose national

stanine was below average also henefited. These results encourage

the teaching of intuitive logic in regular classrooms, rather than

as a special topic for better students.,
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5.7 Atfitudes

5.7.1 Students' attitudes. At the end of the pretest in both the

pilot study and the main study, students were given a two-item

questionnaire to obtain some indication of their attitude (see

appendix 7.4a). The first item asked the students to circle the

names of the activities they liked and to cross out those that they

did not like. Table 5.24 shows the number of students who did not

cross out the various activities. Students' answers showed that

the Electric Cards activity was the most popular. The Pictorial

activity was the least favored for the main-study students, yet

it was the seéond most popular with the pilot-study students.

This could have beén caused by the changé.made in this activity
between the two studies: A word-puzzle page was inserted after
each pictorial page. Although reactions to fhe pictorial pages

were positive, as teachers reported, students in the main study

Table 5.24 Number of Experimental Group Students
Who Indicated They Liked Each Activity (of Maximum 104 Students).

Number of Students
Name of Activity Indicating They Liked It
(maximum 104)

Electric Cards 94

Pictoriﬁl A;tivity : 17

Dominoes 69

Numbers and Their Properties 18
Playing Cards | 76 Q\\\\”
Colored Light Switchboard = - 87 "

Prepare a Quii | » : ' - 75
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complained heaviiy about the amount of wfiting the pﬁzzle pages
required. These complaints, coming in the beginning of the teach-
ing period,hada.strongly deleterious influence on teachers' atti-
tudes as will be discussed in the next section.

Other differences begween pilot- and main-study students'
attitudes towards activities were apparent with the §ominoes.
The pilot-study students favored this set of activities, but the
main-study students reacted as if the activities required only
trivial thinking, There are two possible explanations for this
difference. Pilot study Students were ﬁrban children of socio-
economic class lower than thaf of main-study students, who were
suburban. Pilot study students' general ability was élso probably
lowef because it is known to be correlated with socio-economic
class., The second possible reason waé the difference in sequenc-’
ing. The dominoes activity was presented‘later in fhe main-study
teaching period than in the pilot-study teaching period. The
experience main-study students gained by previous activities may
have caused the activities with dominoes to appear less'challeng-
ing. |

The oppdsite happened with Numbers and Their Properties.
Modifications made in this activity between the two studiés in an
effort to increase its power of motivation seemed to be success-
ful, Main-study students were challenged and enjoyed it more than
the pilot-study students, The activities with the colored-light
switch box were attractive to many students in both studies.

The experimentér's impreésion was.that providing such a large

variety of experiences in the undecidable case gave some students

197
/




181

the feeling th;t it's "more of the same" and therefore their
attention waﬁdered sometimes.

The second item on the student-attitude questionnaire was
phrased: "Right after Easter vacation'" (Christmas vacation,” for
the pilot study) 'we may offer a new logic prbject." (Logic pro-
ject was the common name for the experimental unit,) "Oﬁly those
studepts who choose to participate in it will take'it.‘ It's up to
you. Would you like to go on learnihg logic after Easter (Christ-
mas)? What's your reason for your answer? (space)." Table
5.25 gives the distribution of yes answers, no answers, and un-
decided answers for the second item for the pilot- and the main-

study students,

Table.5.25 Attitude Measure of Experimental Group Students by

Volunteering to Go on Learning Logic After the Posttest

Would you Pilot study Main study

volunteer? (n=49) (n=104)

Undecided 13.9% 12.6%
No | 22.4% 29, 4%
Yes B 63.7% 58%

- Here are some examples of the answers as summarized in table
5.25,
Undecided: "It matters what we do. I don't like some of the

thinggﬂwe do, some I like. If we do the things I don't like,

I won't and vice versa."
"I don't know. It was fun but sometimes it was boring."

"I did not like writing the answers, .but logic was interesting."
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"I am not suré. Depends if I have time." ' ¢
"™Maybe., I liked learning how to make the electric cards, etc.,
etc., But I hated the pictures." (I.e., pictorial activity
which involved giving written arguments.)

No: ﬁI didn't like to answer Why."
""Because I did not like much of it, I never could tell if I
was right."
"I hate it. It's hard and confusing."
"No. I just don't want it any more. I had enodgh of it."
"It‘was boring. So boring and hard."
"It would be like extra work. Thanks anyway."
""Because I'm not really learning anything, although I 1liked
it pretty much." |

Yes: "Because I liked it all."
fIt's just fun."
'"Most of the stuff was fun."
"Because you get to build things and get more smarter. '
"It is fun and I learned new things. It takes a lot of
thinking, too."
"I liked to make some of the things and it is more fun than
schoolwork. P.S, It's after Easter! P.P.S When do wé

start?"

"I think it would be interesting because it gets you to think

hard. “And it's easier than what we do in school,"

In general, as table 5.25 shows, the majority of the students
in both" studies were ready to volunteer to continue learning logic.

Because their judgments were most likely based only upon their

P ' ‘ )
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experience with logic through the present study, it was concluded

that most of the students liked the experimental unit.

5.7.2 Teachers' reactions. During the pre-training sessions all
experimental group teachers in the main study were very cooperative
and enthusiastic. They expressed worries about students'ability
to grasp the material in a short period of time* and tried to

think of ways to prevent student-frustration. When the teacﬁers
were told they would be asked tobfill out evaluation éheets on -
each éctivity, one said: '"Oh, I'11 give you miles of feedback
because I know how important it is to develop such units." The
invéstigator's impression before the beginniﬁg of the teaching
period was that the teachers felt confident and capable of handling
the teaching;- Teachers took the test a day before their students
were pretested and reported it took time but they got all but one
or two items right. 1In their answers to items 16 and 17 on the
overall-evaluation-of-the-experimental-unit questionnaire (appen-
dix 7.4b) they filled out after the posttest was over, all teach-
ers confirmed that their preparation was adequate. One wrote:

"The sessions were sometimes too long. On the whole we iearned
very much and it was really enjoyable." None of the teachers

thought there was a way to improve the teachers' manual so that it

‘would be the sole source of instruction for the teacher (item 15).

Fach in his/her own way expressed the need for training in logic.

"I enjoyed the experience of learning logic - very needed," said

*However, later the project seemed to be too lengthy to them.

»
’
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r
the most critical teacher: However,‘they felt they were not given

enough opportunity to assist in ;he development or discuss the
course with each other during the pretraining. "Too muchr'topk
down'," one said. |

The experimenter met with the teachers once a week during the
teaching period. In the first of these meetings, after the first
week”of feaching during which "Electric Cards" and then "Pictorial
Activity" were presented, the teachers seemed very disappointed by
their classes' reactions. A resistance on the students' part to
give written reasoning on the puzzle pages of the pictorial ac-
tivities developed, and the teachers felt a drop in the level of
motivation. In his answer to itemv19 of the overall evaluation
questionnaire, one of the teachers said: "'They liked to mese with
the electric cards a lot at first, but as soon as they gof into
the workbooks (the pictorial activity),the morale dropped consid-
erably after the first 20 pages." Another teacher said: "They
were excited at the beginning, bored in the middle, and felt com-
petent and involved in the project at end." The experimenter's
impression was that the same could be said for the teachers'
change of attitude throughout the teaching‘period. 2

Two of the four teachers positively stated that they would
like to teach this unit next year (item 11). "I feel that the
underlying ideas of this project should be introduced throughout -
the elementary education. I definitely want to teach these ideas
next year." "I like the innovative themes of this unit." The

other two teachers expressed doubts, saying: '"Maybe. I could

leave out some activities and I would present it in a more inte-

201 :
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- grated Qay. It was too isolated and lengthy." The other said:
"If I do, it would be shortened and iﬁtegrated into a lérger pro-
gram of analytic thinking skill;"

The teachers felt that five weeks were too condensed or too
long a period. '"There were too many activities with too little
time." "it's novelty-wore off quicklyfﬁ "Too much sameness too
often." |

One of the four teachers saw no possible carry-over effect.
Three teachers expféssed”hoped for carry-over effects of the
expefimental uﬁit on students' work in other parts of the curri-
culum (item 22 and 23). '"Hopefully - they will be able to reason
better in discussions and in writing." "Using these idea§ I may
be able to instil the abstract idea of math better." 'Hopefully,
they will be more aware of assumptions." One of the two teachers
who answered doubtfully about teaching the unit again said hére;
"It was a worthy experiment. I and the kids learned a great deal."

All four teachers stated (item 14) they read the teachers'
manual and needed about half an hour of preparation for many ses-
sions. The teachers' manual itself seemed to-be{clear enéggh but
too detailed, leaving too little freedom tq the teacher. "i wish
my expertiée as a teécher could have been called on."

In answering item 21 two teachers said they were surprised at the
small extent to which the ééﬁbd§i£ioﬁ of ability groups in regard to
the experimental unit conformed to generfl abiiity. "Many kids
are motivated to figu;e out puzzles yet are not motivated in
general classroom curriculgm." :

Activities preferred by teachers (item 1) were: '"Prepare a

-
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quiz - it was challenging énd manipulative.'" '"Pictorial activity
- nonverbal, challenging like a game.' 'Playing cards - it demon-
strated the impossible case, p and not q, best of all in my
opinibn." Least favored activities were: '"Numbers and Their
Propertiés - the ﬁost abstract of all." '"Dominoes - I feel I
wasn't prepared énough for it."

When teachers were informed of the results of their teaching
they were pleased wifh the results. They obviously felt satis-

faction. One said: "Their reasoning was so surprising." However,

4one,of themvsaid: "We had too little freedom. Now I feel creative
again."

&«

To summarize: teachers were appreciative of the need for a

unit like the experimental one, they felt generally well prepared,

“and were challenged to take over the teaching of the unit. On

the other hand teachers felt it was too condensed, too long, orx

too repetitive, even though very innovative.
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suggests future investigations.

" the present study. The investigator sought:

CHAPTER 6

SUMMARY AND CONCLUSIONS

Chapter Overview

The first section in this chapter is a summary of the goals, <.
procedures, and results of the present study.
The second section relates this study to previoué studies,

describes the weak points of the present study, and consequently

6.1 Summary of Findings

6.1.1 Summary of objectives. There were three main objectives to

1. To develop a unit in conditional reasoning for the inter-

mediate elementary grades aimed at familiarizing students

e

with the distinction between valid and nonvalid inferences
from’simplé_conditional premises, through‘congrete factual or
hypothetical exampleé, and without uging an algorithmic
approach, nameiy without a direct presentation of . -~rmal
rules of inference;

2. To have elementary school teachers implement the unit in
their ordinary classes as a regular part of their curriculum;
and

3. To examine the effectiveness of that implementation in im-

proving the students' performance in conditional reasoning.
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The primary considerations_ that ledrto choosing conditional
reasoning as the topic of the anit wefe: the central role that
the logic of conditionalvsenténces ﬁlays in mathématiqs’and the
richpexisting psychological research in this area, which,indiéates
the substantial need for improvement in youﬁg children's (as well
as adults!') conditional reasoning ability, | | |

The study stemmed from a desire %o redress the distorted view
Sf mathematics in the eleméntary curricuium. This distortion is
created by the c&rrent imbalanced emﬁhasis on computationalbrules
and on SOme'applicatidn, but very little logical analysis and
abstraction., This situation exists despite the wide recognition
that school mathematics should be a major contributor to the |
development of the general ability to reasbnvlogically.

6.1.2 Summary:af development and design, The experiMéntal unit
& : -

was developed in four cyclés of teaching-revision-reteaching, with
a changihg role on the part of the investigatdr: (i)  investiga-
tor's work with individual»studeﬁts,'(ii) inveStigafor%s succes-
\ .

siﬁe_work with three small groups of students, (iii) teachers'
implementation pilot.étudy in which-tﬁé investigatof was presénf
in each and everyvclass period, and (iv) teachers':implementétion
main study, where the investigator paid only occasiénal short
visits to each class,

To examine the effect of the experimental teaching, a teét in
conditional reasoning consisting of 32 thfeé-choice it;ms'waS'
developed through several field frials and revisions. Each test

item was formulated with a reasonable hypothetical content de-

signed to make sense to fourth and fifth graders in the selected
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' population, In its final form, the test consists of 4 eight-item

sets, each in oné of the four logical forms, interspersed among
each other:

MP (modus ponendo ponens)

MT (modus tol}endO'tollens)

AC (affirming the consequent)

DA (denying the antecedent)
The first two fqrms (MP and MT) constitute the decidable part of
test; where the correct answers are either Yes or No. The other
twp forms (AC andPDA) constitute the undecidable part of the teét,
where the correct answer is "Not-enough-clues.ﬁ o

In each eight-item,'logical-form‘subtest-there were four

pairs of items, in each of whiéh the conditiohal,premisénis in one
of the following negatioh'modes, »

"+,+'": No negation occurred in either the antecedent or the

consequent;
'"'+,~'": negation occurred in the consequent only;
"'-,+'": negation occurred in the antecedent only;

'-,-": negation occurred in both the antecedent and the
consequent.

All items were presented in written form, The investigator
administered the teét as a group test. .

The main study iﬁvolved 104 students in four expérimental
classes in one school,:and 106 students in - four control classes in
another school. Ail eight classes belonged to the same school
district in the San Francisco Ea§ Area, California. The popula-
tion in this district is predominanﬁly of upper-miﬁdle socio-
economic class. All four experimental group teachers took a
twelve-hour pretraining wdrkshop givep by the investigator, and
attended wéekly meetings during the instruction period. Teaching

took place for 30-40 minutes a session, 4-5°times a week for 23-25

' sessions.

206
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6.1.3 Summary of results.

A,

The test-retest reliability of the conditional-reasoning
test was .79.
Experimental and control group pretest performance levels

were not significantly different (not even at .05 level).

'Pretest‘perfbrmance of both groups on the decidable subtests,

MP and MT, was highly successful. The experimental and the

control groups received on the average 83.3% and 81.1% right

answers on MP items respectively, and 78.3% and 78.8% on MT.

- Both groups performed poorly on.the_undeéidable'subtesfs of

the pretest -- AC and DA. Experimental and contrbl group
respective mean percentaéeg 6fvright answers were 24.3% and
22.1% on AC, énd 31.3% and 33.3% on DA. The total pretest
mean scoreiwas 54.3% and 53.8%,.respective1y. The groups did
not differ significantly (a = .05) in standard ‘'school achieve-
menfs-either. The mean score on the Stanford Achievement
Test was 69.5 for the experimental group and 68.9 for the
control group. |

There was a significént difference (a = .bl)'between the b
experimental group's and the control group's overall perfor-

mance on the posttest -- 55.4%, the mean percent of correct e
answers for the control group -(compared to 53.8% on the

pretest), and 74.7%, the mean percent of correct answers for

the experimental group (compared to 54.3%'6n the pretest).

Whereas on the pretest 37.5% of éhe experimental group stu-

dents and 39.7% of the control group students had fewer than

50% correct answers, on the posttest .36.8% of the control

e
[}
-
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group students performed at this level, but only 2.9% of the
e¥perimental group students remained at this level. On the

other hand, only 8.7% of the experimental group students (9.4%

of the control group students) had as many as 75% to 100% B /

correct answers on the pretest. On the posttest, however,

52.9% of the experimental group had this percentage of correct

‘answers (and'dnly 10.4% of the control group).

As mentioned above, both groups were initially highly success- /
ful on MP and MT. .POSttest.scores'on tﬁese logical subtests ‘ /
did not differ significantly from pretest scores. Howevef,
there was a marked cﬁange in experimental group performance
on AC and DA subtests.‘ Recall that the maximum number of
correct answers on each logical;forms subtest was 8. The
experimental group mean score SnFAC went from 1.9 (23.75%)- ‘
on the pretest to 5.4 (67.5%) on the posttéét, and from 2,5
(31.25%) to 5.6 (70%) on DA. The control-group pretest per-
formance on these subtests, as well as on the decidable sub-
tests, matched the level of the experimental group.  Unlike
the éxﬁerimental group, however, the control group did not
;hoﬁ sigﬁificant change in the posttest. r

Thirty of the 104 éxpérimental students moved,frop tﬁe lowest

pretestvlevel to the highest posttest level on the undecid-

able part of the test. ‘An additional 20 experimental-group

‘students moved to the highest level from the medium perfor-

mance level, and 32 others moved from the lowest pretest
level to. the medium pésttest level. Altogether 82 students

progressed, 20 stayed at their initial performance ievels,
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and two\regressed. About'75% of the experimental students
retained their pretest level on the decidable part of the
test. Th1s also happened in the control group, Seventy to
eighty percent of the control group students remained at

~¢

their pretest levels on each of the four subtests, decidaBle

as well as uhdecideble ones.

The order of difficulty of the varid%s hegation modes within

- each logical fgrm'differed from oanlogical form to the nekt

¢W1th1n each negatlon mode, dec1dab{e items were con51stent1y

cnswered more successfully than undecldable 1temJ

The expected wrong Yes/No answers/on AC and on DA subtests. in
the preteSt were found to be almo;t as frequent as the Yes/No. -
correct‘answers,on corresponding negation modes of the MP and
MT subtests respectively. This conforms with the hypothe-
sized model of errorvprediction (sectidn 1.7.3). Experimental
group posttest results show a vast reduction in error rate ’
and a consisterit pattern of correct answers on all four sub-
tests respectively. Ranges qf Yes/No correct answers on the
decidable part of the test and of Yes/No exvected efrors on
the undecidable part largely overlepped‘on.the‘preteet -

53 to 97 and 30 to 82 re§pective1y. On the posttest these
ranges were dlStlnCt -- 73 to 94 and 14 to 36 respectlvely.
This indicates that between the two tests students 1earned

to dlstlngulsh undecidable items from decidable ones.

‘Attempts to separate guess effect from learning the true

meaning of the answer ""Not-enough-clues'" yielded the follow-
ing results:  77.9% of the students in the experimental group

exhibited learning of the true:meaning of NEC by choosing




- this answer correctly on the postteét in more items than
® v ~on the pretest in addition to one of the followingi ey
eith~r chodsing NEC as an answer wrongly on the posttest léss
ofﬁen thaﬁ on the pretest, or (2) choosing NEC wrongly on
® ‘ | the posttest more often than on the pretest, but the differ-
ence.between the additional correct uses and the additional
wrong uses was at least three.* Of the expefimental group
> i students, for 58.7% this difference was at least six. It is
fairly safe to infer that at leaét 55% of the sfudents learned
the logical meaning of NEC. An analysis of thé shift between
> ' _ ﬁretest and posttést in the overall number of cqfrect and
i Jincorrect uses of "no?-enough-clues"ﬂas an answer by the
expérimental'group yielded a total shift of 743 uses: a
D _ ' pretest‘t‘:o posttest shift of 58 incorrect use, and a shift
of 688 in the correct use of NEC. It seems unreasonable
“to a#sume that such a iarge improvement in'corrgct usage is
> , A attributable to a mechanism other than learning of the logical
meaning of the "not-enough;clues" answer. ‘ ' E
| . The peréentage of experimental students choosing NEC
) : answers per item went from an average of 7.8 on the pretest
to 9.9 on the posttest for MP, and from an average of 9.4 to
12.9 on MT. In both caées, NEC is a wrong answer. Therefore
b . o an increase of 3.5 was in;;¥preted’as overlearning of the NEC

answer. (Control group results show fluctuation of +1.9% on

*Not included among these 77.9% are students (19.2%) whose pretest
) - ~ to posttest fluctuations in both wrong and right use of NEC was

ix the range of 3. They were omitted because ‘this pattern of

fluctuation was typical of the control group and therefore was

attributed to random factors,

-
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on MP and MT which should be subtracted from the above 3.5)

. Now, on AC and DA, where NEC is correct, the average percent -

'age of experimental Students'choosing it as an answer showed

an increase of 43.6 and 39.0 respectively leaving an item-

average increase of 43.1 ahd 35.5 wﬁich is not due to'over-

ieafning of NEC but eventually to learning its logicai

meaning.

More than half (58%) of the students expressed a positive

attitude toward the experimental unit by stating they wouid

like to take a second similar course if offered on a voluntary ‘ f
basis. An additional 12.6% could not decide, and 29.4%
yould not volunteer. No comparison between volunteering
for a further exberimental‘unit and for any ordinary school
activity was. taken,

‘Teachers were excited in the Beginning, frustrated in
the middle, and felt competent and involved in the projeet at
the end. They did fegl that the feachéng/period was too
condensed (even though.also too ﬁeng) and too repetitive.
The teachers were, however, appreciafiye of ehe'inﬂovation
and of the educational geins that‘they and their studeﬁts
made,

Surprisingly, no correlation was fdund between the leafning
of logic and achievement levels in standard school 'subjects
such as mathematics (computation, application, or concepts),
reading, and science. Gain scores in the experimental-group
tests of high and average achievers in these traditional

’

subjects were not significantly different. However, high

2:1
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‘achievers started out at a higher level than average achievers

and thus finished at a higher level,

6.2 Relation to Previous Studies and Suggestions for Further

Investigation”

6.2.1 Test scores and their various interpretations.- Ennis and

_Paulus (1965), McAloon (1969), Carroll (1970), and Weeks (1970),
who previously investigated the teacﬁing of conditional reasoning
to various ages and ability levels, foend parallel results to
those of the present study., All of these studies found that the
core of observed teacher 1nf1uenced change in students' performance
is in their improved ability to guard agalnst fallacious reasoning
by recognizing when coneI;elons do not necessarlly follow from

‘.grven premises.

L The‘cohcentretion of teaching effeets in this area results
from the high initiai performahce of students on the two valid
patterns of inference from ‘conditional premises: MP and MT. Ae
previousiy found by Hill (1961) and OQBrien and SHapiro (1968,
1970, 1971, 1973), there was little room for observable progress
von these parts, It is therefore not surprising that teachlng had
a negligible observed effect on performance in these forms. How-
ever, as prev1ously establlshed by the above studies and others
cited in Chapter 1, students initially were unable to recognize
an insufficiency of data to validly infer a given conclusion,

This recognition is where teaching had the most apparent effect --

in previous studies as well as in the present one.

*In this section indented paragraphs 1nd1cate suggestlons for fur-
ther investigations. The rest consists of comparative comments,
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Neverthelcss, the observations concerning the initial-ability
levels are given an alternative explanation in this study. Pre-
vious researchers attriﬁ%ted the definite answers ofrstudents on
undecidable items to inversion or conversion errors. Namely, it
~was hypothesized that studeﬁts interpret p + q as p <> q; in other
wrods they erroneously believe that p + q implies q -+ p, or
possibly not p - not q.” ThlS explanatlon presupposes the ability
of the students to choose correct answers on MP and MT by logical
analysis. An alternative suggestion is that a phenomencn closer to,
Sells' "atmosphere effect" is requnSible for the observed success
on MP and MTI, 'Language balance," aé conjectured by Henkin (1974)**
provides an explanation indepeq@ent of logical aﬁélysis for stu-
dents arriving at correct answégs in bothMP and MT, and also
wrong answers in both AC and DA by a mechanism that has nothing to
do with logical reasoning. To a certain extent, the regréssion .
obsgrved.in MP and MT in the pilot study of the present work, and
the decline in MT reported by Ennis and Paulus (1965) support
Henkin's conjecture. If students weré consistent on MP and MT
on the pretest due to sound 10g1ca1 ana1y51s, how dces one explain
their loss of some of the ability when introduced to the undecid-

able cases? - If it is easy to confuse them, do they really possess

the initial ability to recognize necessary conclusions?

*The findings of the present study, as well as previous ones, show
that' DA is answered more successfully ‘than AC. This may indicate,
if indeed MP and MT are known in advance, that students interpret
P > q as implying the inverse "not p - not q" and not as 1mp1y1ng
the converse '"'q + p." When the inverse is considered as glven, DA
becomes MP and AC becomes MT. Thus the order of difficulty is
consistent with the order of difficulty of MP and MT. Further
investigation is needed to find out more about the source of these
errors.

**See section 1.7.3. : :
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a. Henkin's conjecture was not proved in this study, nor was
it refuted. Qbyiously furthgr investigatioh of this conjec-
ture is needed. One possible approach was discussed in 1.7.3.
b.  Because '"language balance'" occurs independently of

the conditional connective, a ®udy of other connectives may

shed light on this matter.

6.2.2 Negation in the conditional premise. Negation in the con-

ditional premise of an item does influence the degree of difficulty
of the premise as measured by the numberxof students who answered

a given item correctly. Findings of this study shoﬁ, parallel to
previous ones (Roberge 1969 and O'Brien 1972) that varioﬁs logical
forms are more difficult in some negation médes'than in chers.

In the present study there were only two items of each nega-
tion mode within any 8-item logical form subtest. Therefore,
reliability of the results of négation modes within a particular
logical form is compelled to be low. Conséquently only the relaQ
tive rank order of difficulty of the four modes is discussed here.

The correspondence of these orders with O'Brien's results (1972)

- obtained from high school subjects and based upon three items of

identical mode within each logical form is noteworthy. Table 6.1

gives this comparison, The two orders agree onlyiin MT. However

. neither of the two studies should be considered as givihg sound

generalizable data on thé problem of order of difficulty; each
study is based on a very small number of items per case. Both
studies, however, point out that in some cases addlyionai negation
is not necessarily a factor that increaéesAthe-difficulty of an

item. In fact, in DA and AC forms, items with no negation in the
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Table 6.1 Order of Number of Correct Responses for Negation Modes

within Logical Forms in O'Brien's (1972) Study and in

Pretest for the Experimental Group (n=104) of the Present Study

O'Brien's study ++ > == > 4= > =t

WP Present study L e > A > ek > 4e
MT O'Brien's study 4t > 4= > e > i
Present study ++ > 4a > -m > -4

AC O'Brien's study D d= P == > 4 > -t
Present study L Hm = et > em > 4t

DA O'Brien's study $e > mm > ak > 4+
Present study -+ > 4= > ++ > ==

first premise were found in béth studies to be less successful than
others.
The exact order of difficulty of the several negation modes
within logical forms,lhowever, calls for further investigation;
The ‘data available on this matter in previous studies and in

the present one is not sufficiently reliabile.

6.2.3 Implementation problems; Results reported in Weeks"stqdy

(1970) puzzled the experimenter. Second and third gragers were
trained solely by means of attribute blocks. The training cov-
efed the same length of time as that of theipresent stu&y. Ac-
cording to Weeks' report, the students improved significantiy

on a 36-item test representing a much broader scope of logical

inferences than the scope of this study. It is not clear what

attitude Weeks' students developed through this period, but the
- present experimenters' experience with a program of .more variety
suggests that they must have become quite bored playing with just
one manipulative. Osherson (1974) admits a deQeloped boredom on

‘ | the part'Of his subjects in the process of playing with two mani-

no
pon
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pulatives in a logic test. iThe novelty of any manipulative in’ the
present study wore off within three to four sessions. Also, no
measure of learning transfer to other logical forms was taken in
the present study. There was an appafent common feeling aﬁong the |
teachers that the teaching was too lengthy. Weeks' report of the
success of his own teaching of a very broad scope ofllogical infer-
ences to much yeunger students using only a single manipulative aid

contrasts with the effort needed to be invested in the present

study to achieve significant progress in a more limited scope

-
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teacher implemented unit.  Weeks worked with small groups whereas -

this study took place in regular size classes. All these factors

~ taken together indicate a need for further investigations in the

following directions.

a. Development feﬁ fourtﬁ'and fifth grades of teacher-implement-
able units in which a variety of logicalhpatterns, richer than
those addressed in the present study, are introduced‘at an
intuitive lcvel. Patterns of quantificational (first order)
logic which are much more adequate for mathematical arguments,
deserve wider attention at the school level. |

b.  Development of teacher-implementable units in intuitive logic
for grade levels lower than fourth and fifth grades, possibly
Weeks' students age -- second and third grade.

cs Search for efficient methods of inservice trainingﬁand trials
with a wider sample of teachers. The need for change in
college preparation given to prospective teachers was indi-
.cated in Chapter 1. However,’mathematics education cannot
afford to wait for this change. An iUEervice-training pro-

gram intertwined with the development of units for students
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is necessary to accomplishla.widespread implementation of
units in logicéi reasoning in the elementary schpgls.

d. Investigation of the transferability of traininggin cer;aih
parts of mathematical logic to other untfained parts,

e. Investigatioh_into ﬁore effective Ways of obtainihg'andvméip-
taining young students' motivation and'attention while learn-
ing logic on an intuitive basis. For example, a modification
in the approach of thé present Study should be attempted. VA
gradual progress could be made through a hierarchy of prere;
‘quisites, instead of simply repeating similagAexperiences in
a variety of situations. The sense of making prdgress may
contribute to the student's feeling of "that's worthwhile u
doing." h

f. Comparison of concentrated traihing versus training Spreéd
over time.

g. A study of the progress effected by each activity (with a
single manipulative aid), versus the effect of.the whole
series of activitie§ presented in this study. The purpose
would be to isolate the most effective activities, and pos-
sibly to compare them with the effect of attribute block

training on conditional reasoning.

6.2.4 Levels of regular school achievements and socio-economic

class. C. Carroll (1970) worked with ninth-grade low achievers in

mathematics in an effort to induce a change in their conditional-
reasoning ability. In most of the comparisons she made, she found
ndlsignificant differences hetween the experimental group and two

different control groups. By\ contrast, in the present study the
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 fifth graders who were low achievers in mathematics concepts and

applications (4% of experimental group) did make significant pro-

gress,

a,

This limited daca shouid by no means be considered as more
than an indication of the need for. further study of the effect
of introducing young, low-échieving students to logical
analysis in genefal, and to conditional reasoning in partic-

ular, .

'The present study was implemented partially in a small middle

class city, and partially in a suburban upper-middle class
community. The extent to which teacher-implemented units in
basic logic on an intuitive level can be effective for lower

socic-economic classes should also be investigated.

6.2.5 Content effect._ The desire to introduce young children to

lcgical analysis requires a search for appropriate methods. One

major consideration should be given to the content within which

logic is treated. Further investigations relating to content are

suggested in two different directions,

a.

Despite repeated revisions, type-mate items of the present
study test were not uniformly consistent. Content effect

probably rests behind this inconsistency. Some unexplained

findings were indicated in the analysis of test results.

Enlightenment concerning content effect shouid occupy future
resesrch, if a non-abstract approach to the teaching of logic
is to be sought,

The present unit includes only one activify which is directly

related to mathematics. In Chapter 1 the viewpoint was
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eXpressed that logic should be an integfal part of the mathe-

matics curricula. While the one mathematically related‘
activity of the present study may'provide an example of the
interweaviﬁg of iogic with fifth grede mathematics, a further
effort‘should be made to integrate fhe units in logic ‘into
the mathematics curricula, Isolation brings about the dif-
ficulty of transfer into mathematics, where tﬂ'»use of lagic

is necessary. Isolation also creates uncertainty as to the

purpose of learning logic. Natural integration into well

established school topics like mathematics may prevent these

tioubles, as well as balance the undue emphasis on computa-

~tion in today's school mathematics. This integration might

also produce a higher correlation between performance in
ordlnary school subjects and in loglcal ana1y51s, which was

found to be null in the present study.'

More doubts about the present study, In this seéction

additional weak points of the present study are mentioned and

future research possibilities are offered.

a.

The sample of etudents in the present study was not randomly
selected. The selection of classes was determined by the h

teachers who volunteered and the schooi districts willing

.

‘to cooperate. This creates doubt about the generalizability

of the results in many ways. The number of teachers wés too
small to control éor the teachef‘variables. Therefore
genera11zab111ty of teaching effects is doubtful. -Also the
population of the students was .a spec1f1c section of the popu-

lation so ‘generalizability to other sections is questionable.

<

N
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Boredom and motivafion as factors in student success on the
tests were not studied. Observed results might give an ob-
scured picture if students did not: put enough thlnklng effort
1nto answering test 1tems desplte its team competition nature,
The investigator 1n‘the present study took an approach of mass
education, Nd effort was made to find out what was going on *
in-individual minds by interviewing or by any other hathod.
Statistical analysis of pretest and posttest results is con-
sidered by the'experimenfer as a very pbwerful’apprpach to
studies of learning and of teachiﬁg effects, but not neces- j ~‘\Mﬁfi
sarily the best way to study learnlng or th1nk1ng processes.

Is the effort worthwhile? Even if students are 1ndeed able B
to learn tc distinguish valid from fallacious inferences,

should not such topics be postponed to a.1aternage when

students- could "breeze through" it? Is there such an age?

These questions are'very important to answer before any at-

tempt is made tp jntegrate anits ih "intuitive logic" ihtb -
elementary schdol mathematics curricula,

Neither transfer nor retentdon were studied this time. A

comparison of transfer and retention of units such aé the

present experimental one and regular school curriculum m1ght

add to dec151on maklng regardlng the value and the usefulness

of units in "1ntu1t1ve logic."

Finally, there is more unknown than known in the area of

logic education. Logic education should certainly occupy mathe-

matics educators exten51ve1y, since the ability to carry out valid

10g1ca1 ana1y51s and guard agalnst fallaclous arguments is

2.0




204 .

essential for theﬂleafning and understaﬂding of mathematics;

“ There is much-to7QO in tﬁis area and a long way to go. No
one work can provide a gomplete cure for the complex-problemafics
of mathematics educafion and logical analysis. In educational
research, more than in other disciplines, what bne may reasonably
expecty is slow and steady>impr0vément. The present stﬁdy is in-

tended to be one small step in this direction,
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List of symbols and their meanings

. e e e PRI ‘Will stand for "and",
v &« « v+ s e e+ ...  Will stand for "or" (inclusive or).
“() v e e e e e e e e e Will stand for "It is not the case

that" (particularly for negating a
conditional sentence). .

L T T Will stand for simple’seﬁtgnces
(i.e., sentences'Which don't in-
clude the words‘"andﬁ, "or");

P +‘q e v e s s s e e e e . Will stand for "if pltheh Q'(a

(conditional sentence).

P . Will stand for "not-p" (similarly
q is "not-q"). |
MP . Is the rule by which one infers q
from p > q and p.
MT T Is the rule by which one infers
not-p from p -~ q and not-q.
AC S e e e s e e e e e Is the fallacious rule by which one
t invalidly infers p (or not-p) from
p q>and q. ”
DA, ... 00 e . Is the fallacious rule by which one
L invalidly infers not-q (or'q) from
i P ~ q and not-p.
J
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- The Logic of Conditional Reasoning

1. What is a conditional sentence?

Given any two déCiarative sentences we can obfain a conditional
sentence by putting the word "if" at the beginning of one sentence,
the word '"then" at the beginning of the.other one, and joiniﬁg the re-
; sulting clauses. The cénditional sentence obtained in this way will
read:

(sentence 1) ' (sentence 2)

l"Ifluta-aaoaaa--uaaaaaaou’ then...‘---..o....o......"

For example:
sentence 1: It is raining.
sentence 2: The grass is wet.

Conditional sentence: If it is raining, then the grasé is wet.

{
!

, |
(When the two sentences are chosen randomly, the conditionalgsen-

tence may not make sense.) .

The first sentence forming the conditional sentence, the one|that follows
word "if", is called the antecedent. The gecond one,following "t Ln",
is called the consequent. We'll often use the letter "p" to stand for

the antecedent, and "q" for the consequent. A conditional sentende

will then be denoted byAp + q (read: if p, then q).

2. What does a conditional sentence imply?

(a) Let's use the above example to demonstrate -the generalvcase
which will be discussed later. We had: p = It is raining

q = The grass is wet




(b)

(c)

and p +q = If it is raining, then the grass is wet. Whenever
this sentence is true we cannot have both of the following true:

it is raining, and the grass is NOT wet. Writing'a for not-q,

(i.e., for "the graés is not wet"), the notation -(p and Q)
means that it is not the case that it is raining and the
grass is not wet. Thus, the sentence p + q always implies the

sentence: -(p and q).

The sentence "If it's raining, then the grass is wet" ex-

cludes only the event: It's raining and the grass is not

wet. No other events are excluded. In other word;, the
sentence: "If it's raining, then the grass is wet" leaves
three possibilities open: (1) It's raining and the grass
is wet; (2) Ié'a not raining and the grass is wet; (3)
It's not raining and the grass is not wet. Symbolically, if
P * q is true then at least one of the following three
is true: (1) p and q; (2).'; and q (;'meavavnptfp); ‘

3 ; and q. Using the word "or" in its inclusive meaning, we

could write: p + q implies (p and q) or (p and q) or .(p and q).

Any conditional sentence p -+ q not only implies each of the
sentences—(p and q); (p and q) oi (p and q)vor (p and a),

but is actuall; equivalent to each of these sentences. This
means that given any of these three sentences, we may confi-
dently gonciude the other two. Still differently, it means

that all three of them say exactly the same thing.

210




(d)

Let's consider our example again. We said: If it's‘
raining, then the grass is wet. If this is so, can it evef
happen that the grass is not wet and it's faining? Né.
We've geen in (a) that this is impossible. 1In other words:
if Eﬁe grass 1s not wet, then for suré it's not rainiﬁg.
The laét sentence is again‘a‘ conditional sentence. It is
different from our original one, but it expresses exactly

the same thing. We call the new sentence E +> ;, the

contrapositive of the original sentence p + q.

3. What's riot implied by a conditional sentence?

(a)

(b)

Once again let us suppose: If it's raining, then the grass
is wet. We saw in 2(b) that this sentence does not imply

anything about the wetness of the grass when it's not -

~ raining. In particular, the conditional sentence: If it

is not raining, then the _grassf_j._@g not wet, does not follow

from the origim.a‘l senfence. The grass may be wet even
though it is not raining (someone may have watered it, fo.r
example).

In gereral, the sentence p + q does not imply ;-r ?1-
(Notice the difference between ;-*,, ?1. and. the contraposition

q > p which is implied by p+ q.)

Similarly, p + q does not imply q-+ p. Back to.our example,
“
the sentence: "If it's raining, then the grass is wet, does

not imply that "If the grass is wet, then it is raining"!
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(As we said before, the grass may be wet for many other

reasons.)

. 4. TIvo true rules of inference

(a) Given a cbnditional sentence along with its antecedent, we
can confidently conclude its consequence. Examplé:
Given (1) If it's raining, then the grass is wét
(1z) It's raining

Conclusion: The grass is wet.

This inference pattern is called "Modus Ponens". We'll

() p~+q s .

(z1) »p

-9

f .
where the line separates the assumptions from the conclusions.

(b) Given a conditional sentence:if p, then q, we've seen in 2(d)

that its contrapositive:if not-q, then‘not-p,necessérily

follows. Therefore, given any conditional sentence P~ q
and knowing that ﬁot—q, we are lead to conclude that
not-p must be the case.

An example will clarify it:

Given (r) If it's raining, then the grass is wet

; (xx) The grass is not wet .
|

ERIC | 229

abbreviate it by MP. 'Symbolically; MP 1s the following rule:
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~

Conclusion: It is not raining. For if it is raining, then,
by (1) the grass must be wet. But (11) contradicts it, -

and hence, it.cannot be raining. -

This inference pattern is called "Modus tolendo tollens",
abbreviated by MT. Symbolically it allows us to infer in

(-

the following way.

Given (1) p > g

(;;lﬁ not-q

not:p
where again, the horizontal line separates the givens from

the conclusion.

5. Two fallacies

(a) We had no difficulty to accept that if it's raining, then
the grass is wet. Suppose now we look out through the

window and see that it's not raining. Is the grass wet?-

We can't tell. The information we possess does not suffice
for any definité answér for that question. The grass may

be éither wet or not when it's not raining. The only thing
we do know is what habpens to the grass when it is raining.

Nothing is said about it when it's not raining.

/

/
People gometimes are tempted to reach a definite conclusion

when a conditional sentence 1is given along with the denyal

of its antecedent. Their conclusion is fallaéious. Their

ERIC - 230
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logical pattein that yields this fallacy 1s called "Denying

the antecedent", abbreviated by DA. Symbolically:

Given (1) p~+ q
II)_  not

no.valid conclusion

(b) Another logical trap in conditional reasoning is the acceptance
of the consequence (abbreviated AC). Formally
Given (i) P+ q

(zz) q

no valid conclﬁsion exists
But, people sometimes tend to conclude p in this case. in
relation with our previous example, given that the grass is
wet, people very often conclude tﬁat it 1s raining. Thié
conclusion ;;nnot validly be drawn from £he two premises
because thére is nothing in the premisés“to pfevent the grass

from being wet while it's not raining.

Negation mode of a conditional sentence

As étated above, a conditional sentence p + q has two parts, the
antecedent p an& the consequent ¢, which in themselves are sen-
tences. Negation may occur in each part. For example, p may say
"His hands are dirty”, and q may say "He doesn't»get dinner". The
conditional sentence will'then read "If his hands are dirty, then
he doesn't éét dinner"., In fhis case p'does not include negation

and q does. In general, there are four cases (negation modes) :
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(1) p and q don't include negation (é.g;, I it's raining, then

the grass 1s wet).

- (2) p includes negation and q doesn't (e.g., If our car is not

[2

fixed yet, we'll stay home during the weekend).
- (3) p-doesbnot include negation and q does (e.g., If ke 1s busy,
then he will not agree to join us).

4) Both p and q include negations(e.g., If a child is not 5, then

he does not go“tO'public school).

3
-

Whatever was said above about conditional sentences holds for any
such sentence in any negation mode. It should be noted, though,
that when p includes a negation, uof-p doesn't. Let's take the

example in case (3) above to demonstrate the four logical inference

patterns:

MP:
(1) If he is busy, then he will not agree to join us. . . P+ q

(1) He 18 bUSY. & v v v 4 ¢ 4 o 4 ¢ ¢ ¢ o o o « o s o « P

Therefore: He will not agree to joln us. . . « « & « o« « q

AC:
() If he is bus;, then»he will not agree to jolnus. . . p—+ q
(x1) He does not agree to join us. . . .I. e e e e q
No'conclusion can be drawn. .« « « « ¢ 4 4 0 . . . . .. ? |
“He ﬁay be ti¥ed (not busy)vor he may be bﬁ?y, we can't tell.
Note: In the last example'(AC) sentence (11) affirms the conse-

quent of (1). The negation in it is not a part of the logical

structure.
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DA:

(1) vahe is busy, then he will not agree to join Uus. . . «. P+ q

(II) He iS not busy. e & o . . ... e & e & s ¢ e e e e e e ) nOt"E

NOCOHCIUSioncanbedrawn.---------l---tl-- ' ?

His being busy ‘does:not imply that he will join us. He

not to join us for many other reasons.

c

MT:

(z) If he is busy, then he will not agree to join us.

(xx) He agrees to Jolnus. . ¢« ¢ . . .00 ...

Therefore he is not bu sy L] L] L] ., L] L] L] .. L] . L] L] L] L] L] L]

still agree

« P*gq
. _not-p
"+ not-p

Otherwise, according to (x), he would not have agreed to join us.®

o

Note: In the last example (MT) sentence (11) negates the conse-

quent of sentence (1) even though it does not include any negating

word. Formally we should have written for not-q(sentence (1r1)): He

- does~not- not agrée to join us. Dcuble negation in spoken language -

1s usually replaced by its positive equivalent as appeafs\in

sentence (1x) above.

To summarize, the logical structure canit be determined by sentence

(II) itself. It is tﬁé relation-of it to either parts of the

conditional sentepce (x) that determines the logical structure

and the existence of a vélid conclusion.
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:.é word about thezobjectives

- The objective of the unit on conditional reasoning is to. improve
students ability to properly apply MP and MT and to avoid the two
fallacies DA and AC, when the conditional sentences are of a simple

kind, namely they don't include the words: and, or (i.e. Pyq inp > q

are not compound-sentences), and the content expressed by the conditional

sentence is either factual or hypothetical, but familiat and makes sense.

e

Research studies of children's conditional reasoning indicate
that negation add an additional obstacle in oroperly applying MP and MT
and in recognizing'insufficiency of.the premises to yield any conclusion.
It is among the objectives of the following unit to teach students how
apply MP, MT and how to avoid AC and DA where the conditional sentence

takes any one of the four negation modes (see 6 above).

In the following pages you'll find many suggestions for activities.
Most of them are group activities, some of which can be conducted by
the students themselves while the teacher is working with another

group. Tocacher who prefers the frontal teaching style_may use these

‘actiyities for the whole class. In-general,,the activities are aimed

at increasing the students' ability to~ interpret precisely what a

conditional sentence says and whatﬁitvexcludes, to rephrase a condi-

. tional sentence .in the contrapositive way, to apply MP and MT and to

avoid AC and DA. In all cases, all four logical patterns are presented
for every conditional sentence. At the beginning, negation is omitted
from-the conditional sentences but later on all four negation modes

take place.
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‘General comments to teachers

Questions in the students' book may be used fqr paper and pencil

work or for oral discussioh befween the teacher and the class

Or among peers.

Most of the answers are given in full in the teacher's manual.

Children are not expected to give them in this exact way.

It i3 recommended that the teacher will consisteﬁfly use |
the "four-fold contingency table" as a representation of any

conditional sentence in diSCUssion.

The concept: conditional sentence should be used from start
without any definition. Just say something like: "Let's con-
sider this conditional sentence ...." or: "This is a conditional

sentence, what does it tell us?", etc.

There 1s no need to complete all the suggestions given in any
activity in one sessioﬁ. When students seemed to gét bored (or
before this even starts) they should be switched to another
activity.

Numbers in parentheses refer to questions in students' workbook.

The Eeaching process involves manipulative aids, games, contests

and pencil-paper work. They all should_bé carried out to the
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point the students are still interested. ' There is no need that
every student will do everything. In any activity the haih'impor-
tance is to lead toward improvement on the abilities mentioned in

1, above.

8. .The use of shortcuts is a preparatory step for using letters as
variables, It may facilitate the generélization of the four logi~
cal structures, MP,;MT, AC, DA, which is the main goal of this
unit. It.islggz_the purpdse of th{s unit to teach the élgorithm
for applying correctly MP and MI. Students are expected to think
about the given content and its iﬁplication. However, it is the
purpose of this unit to provide experiénce in cond&tional reason-

/ing out of which syntactical generalization will emérge. Teacher
is requested not to teach the algofithm. If and when a student
discovers it - it will be a great achievement. Each student should .
discéver it by himself. Teaching the algorithm w111 prevent this
individual discovery. If may Stop the reaséniﬁg processvand turn

it into a mechanical routine.

9. Page numbers'in;students‘ edition are denoted by s (e.g., S-1, 842,

‘etc.) Comments and answers are typed in italics in students' pages.

10. The following two pages are the first ones in the students' workbook. 2
It is recommended that students read it at an early stage of learining

the unit.

2 ¢
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To the student -

Péople use their eyes fo see, their ears to hear, their tongues to oo, |
taste, their‘hands_to touch and their noses to smell, These are the five:
major senses we have, But there is another sense which is very strong
in human beings, the sense of being reasbnable. ‘When we argue with
someone we use this sense to provide reaéons which will convince him,
and also help us judge his arguménts. These reasoningcand judgmental
processes originate in the brain through the use of'logic. |

. Here.are fwo puzzles. In trying tb solve fhem, figure out which
senses you use:
1, Are the two line segments. equal in length? If not, which one i;
longer?
Line a < >
Line b ::::>- e . 4/’/’
* . Answer | | -
|
2. Tom told Frank about some rules in his family. He said: "In puf:f RIS
house, if the TV is on, the radio must bé off"i\\gpg\day Frank:
weht to visit Tom in his house. When he came in, th;\;gaib\wag\gffl\\\\
Was the TV on? _ ~—_

Answer

If your answer to the_first ﬁuzzle was: 1line b is longer tﬁan line
a, then your eyés misled you. If your answer to the second puzzle was:
yes, then your logical sense misled'you. (Measure and see that line a
and line b are the same length. Think again about-puzzle 2. The right

answer to it is - maybe. The TV could be on, but it could also be off),

2317




11-b

S-11

You see, our senses sometimes '"'trick" us., We have to train them

not to. The material presented in this workbook is part of ‘a unit

activities such as games, contests, and oral discussions with your.

classmates,

Follow your teacher's directions carefully, and hopefully you'll

find this unit both enjoyable and useful,
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- Electric Cards

Objective: To enrich children's experienCe'in'applying MP, MT and
avoiding AC, DA through a self-conducted aétivity with an

immediate feedback.

Materials:
The Tester (Each class needs 6 testers)
battery bulb
terminal ' .éij. terminal
—— ﬁ‘IL — 1 =
The Cards

On each of the 250 cards there is a puzzle which consists of 2 clues

and a question, and four metél buttons labeled as follows:

Yes, for sure No, certainly not Not enough clues

o O - 0O
O

To test an answer you put one terminal of the -tester on the lower

Abutfon and the other terminal on any of the three labeled buttons.
The cards are wired so that the bulb will 1light only when the right
answer button is connected to the lower button.
Duration: Each of the following activities is planned for about 30-40
ﬁinutes. Eéch is repeatable by changing the sets of cards
given to the students. |

Administration:

Activity 1. Teacher-class electric card game. After presenting

the tester and an electric card, the teacher plays the role of the
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reader in Activity 2 (see below), anq wofks with the wholé class as
one team of that activity. Teacher sﬁbpld make sure that thé students
know how to write down for each card thé*gard number and the answer
next to it, on a separaﬁe line; e.g., #32. Yes
#147. No
After fhe first card with "notxenough clues" answer was checked,

show the students the shortcut, n.e.c., to stand for these words.

Activity 2: 5-6 teams of 5-6 students in each. Each student needs
a pencil and paper. They write their name on top.

Each team)will get twice as many cards as there are students in
that team. Cards will be piled at the center of the team's table,
face down. Students take turns being the reader.

The reader takes a card from the center of the table, and announces
its number , which everyone writes in the first line. Then? the
reader reads the question (and nobody yelis the answer!). ﬁach team
member, including the reader, writes his answer next to the card
number. The reader calls: "Who said yes?" "Who said no?" "Who said
not enough ciues?" Team members answer by raising hands.

When two different answers are found, the reader asks fof reasoning
and leads a discussion to'settle the disagreement. He may need to
reread the question before he lets each student give his argument,
When a unanimoug answer is reached by the group, the reader checks
the righf answer by the electric tester. If the group's answer was
wfong,vthey refer to the teacher for an explanation, (or try to justify
it on their own). If the group's answer was right, the student next to

the reader becomes the leader for the next card.
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Alternatively: céptain checks the answer right after getting the
answers from the students and students earn a point for right answers.
The one whose total number of points 1s the highest; is the winner.
This alternative has the disadvantage that students give their answers

impulsively without being required to have an explicit reason.

Activity 3: A group of students may go to fhe electric cards in any
stage of the course. Teacher can giﬁe'them_a set of cards accqrding
to a special interést:
a) Only MP.

(A1l 4 negation moods or just one negation mood, e.g., no

negation in any part of the conditional sentence.)

b) Only MT.
c) Only DA.
d) Only AC.

e) Sets of four questions for which the first clue is identical.
(These cards have four éuccessive numbers 1-4, 5-9, etc.) |

f) Specific negation mood (all four logical forms or one, e.g.,
MT).

g) Cards that carry puzzles whiéh have indefinite answers (DA or
AC). .

h) Cards which have definite answers (MP or MT).

Note: In each case students will be asked to compare the cards and
to find differences and commonalities among them.

The cards are numbered and the following table shows the logical

type and the negation mood for each question.
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MP AC DA MT
9,25,29,33,37, 10,26,30, 34, 11,27,31,35, '12,28,32,36,
45,49,53,61, 38,46,50,54, 39,47,51,55, 40,48,52,56,

p > q) .69,81,97,105, 62,70,82,98, 63,71,83,99, 64,72,84,100,
125,157,229 106,126,158, 107,127,159, 108,160,182,
230 231 232
Answer: Yes Answer: '~ NEC Answer: NEC Answer: No
1,5,21,65,73, 2,6,22,66,74, 3,7,23,67,75, 4,8,24,68,76,
.77,85,93,101, 78,86,94,102, 79,87,95,105, 80,88,96.104,
p > a- 117,149,169, 110,118,150, 111,119,151, 112,120,152,
173,177,185, 170,174,178, 171,175,179, 172,176,180,
189,193,197, 186,190,194, 187,191,195, 188,192,196,
201 198,202 199,203 200,204
Answer:’ No. Answer: NEC Answer: NEC Answer: No
41,129,133, 42,130,134, 42,131,135, 44,132,136,
141,145,161, 142,146,162, 143,147,163, 144,148,164,
= 205,209,213, 206,210,214, 207,211,215, 208,212,216,
P q 217,221,233, 218,222,234, 219,223,235, 220,224,236,
245,254,261, 24¢,258,262, 247,259,265, 248,260,264,
265 266 267 268
Answer: Yes Answer: NEC Answer: NEC Answer: Yes
13,17,57,89, 14,18,58,90, 15,19,59,91, 16,20,60,92,
113,121,137, 114,122,138, 115,123,139, 116,124,140,
- _ — 153,165,181, 145,166,182, 155,167,183 156,168,184,
p > q . » » »
225,237,241 226,238,242, 277,239,243, 228,240,244,
249,253 250,254 251,255 252,256
Answer: No Answer: NEC Answer: NEC Answer: Yes

Note:

1. The letters p, q denote simple sentences without negation.

2. The right answer to any AC, DA question is NEC.

The right an-

swer is yes to MP in p + q, P >~ q moods and to MT in § + q and

~in P » q moods.

P > q moods and to MT in p + q and in p > q.

The right answer is no to MP in p -~ @ and in

225
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Activity 4: Eléctric cards.caﬂ also be used for team contests of
several types. .In this case the tester will not be used by the team.
The cards will just serve as a source of puzzles.'
(a) Objective: Practice in applying MP; MT and avoiding AC; DA.
Each teag gets 8 cardé (preferabiy'two of each logical type).
The leader of the team reads each puzzle and the team discusses .
it and gives an answer which is recorded by the team secretary.
When they finish, the ﬁeams exchange cards so that each team
answers all the questions. When teams finish they turn in
-. the answer sheets and the cards to the teacher (or a neutral
student) and he/she checks the answers. A team scores one point
for any right answer (and possibly loses a point for a wrong
answer). The winner is the team whose total score is the
'highest.
(b) theétive: The syntactical structure of MP; MT; DA; AC.
Electric cards are only a source of conditional sentences.
Caution should be taken in checking the answers. See example
below.
Teacher reads the first clue and.the answer. Students in
each team discuss the.possible second clue. The first team mem-
ber who raises his hand gets permission to suggest what the
second clue is. If his answer is wrong the other team geté a
point. 1if his ansﬁer is right his team gets a point. Reasoning
should be encoufaéed. b |
Note: When the answer annbunced by the teacher is: 'Not enough clues,":
there are two possible second clues. Each one of them is a right

answer! If a team can suggest both, it deserves an extra point.
Example: Teacher says: 'If it's a eucalyptus, then it's an
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evergreen tree." What's a second clue and a queation for which
the answer is: "Not enough clues?"
Student 1: "It is not a eucalyptus; is it an evergreen tree?
Student 2: 1It's an evergreen tree. Is it a eucalyptus?
‘Both of these students are right. :

The above is a preparaton for "Prepare a Quiz"'acfivity.

() Same as (b)»but now teacher gives the second clue and the
aﬁawer., (This time answers will vary because the fiiat clue
includes the second one as a part of it, so again electric cards
are oniy a source of sentences and caution 1s needed in chécking
the answers.)

(d) Teacher gives each team a list of 5 conditional sentences.

The team should construct as many puzzles as possible (20 is the
maximum, but this obviously is not to be mentioned by the
teacher). The team that succeeds in writing more puzzlea is

the winner. The invented puzzles can now be transferred to

the other team for solution and another contest.

‘Activity 5: Students should be encouraged to invent their own puzzles,

preferably in sets of four, with an identical conditional sentence.
A new electric card can easily be made up for any good invention.
(This is, in fact, "Prepare a Quiz'" activity. See this activity for -

details.)
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- Activities with Dominoes

a) (p~ q) implies: not (puand not-Q).'

b) (p > q) implies: (p and q) or (not-p and q) or (not-p )
and not-q). | |

c) -p.-> q is different than q + p.

8-10 complete domino sets (2 for each team).

- 228

2 demonstration charts or a set of domino cards on a magnetic =~

board (see description below).

Duration: 3-4 sessions.,

Administration:

Activity 1,

Motivation

(a) feacher reads or tells the following story:

Paul likes to'play domipoes, but he never puts them
back in their box afterwards. Therefore, he keeps losing
his dominoes, One day when his frignd, Peter, came over to
play with him, they realized'that none of Paul's domino sets
was complete. Paul and,Péter‘put all Paul's domipoes on the
table face up to see which dominoes were miss{;g. While
doing so, Paul said: '"Look Peter, in my dominoes, ;f there

is a 2 on a domino, then the other number is 3.,'" Here are

the dominoes Paul had, (Post a chart): -

245 | .
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" Paul's Incomplete Domino Set '

L]
o els o ¢ ofe « . M

If there is a 2 on a domino, then there is a 3 on it

Demonstration Chart #1
(See°note after Part (c))

What would‘you say to Paul?

Is his statemené correct?

(Stu§ents will discuss and will reach the conclusion that,
yes, Paul was right. Arguments may be as follows: All |

the dominoes which show a 2 show a 3, too; there is no

" domino with a 2 on it which does not have a 3 on it; a domino

’eithervshows a 2 and a 3 or it does not show a2 at all,

If difficulties arise check each domino in the chart and

lead a discussion like:

T: Does this domino show a 2?

S: Yes.

T: Doeé it show a 3?

S: Yes.

T: Does it agree with the rule?
S: Yes.

T: Does this (the next one) domino show a 2?

S: No.

T: Does the sentence say anything about a domino with

no 2 on 1it?
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S: No.

T: Does it disagree with our sentence?

S: No.

‘ ’ . l‘ ] L3
A student may point at a domino like = 1” *l|as one which
disagrees with the sentence. Teacher should persuade him
through questions that this is not the case, since the sentence
only tells us what happens when there is a 2 on a domino. It
does not make any statement about dominoes with 3 on them,
particularly it does not say that these must have a 2 on the
other gide. .,

T: Peter, after‘approﬁing Paul's»rule said: '"Paul, youf
dominoes obey another rule;" Paul didn't let Peter finish
his sentence. "Wait," he said, "don't tell me, 1et me
think about it for a second.” |
Can you see what Peter might have had>in'mind?

S: "If there i1s a 6 on a domino, then there is'a 4 on it, is

another correct rule.
Also - "If there is a blank on a domino, then there is a 3
on it."

- These correct rules will be proved through checking all
12 dominoes in the chart. Any other suggestions of the

. form: If there is a ... on a domino, then there is a ...

on it, too" will be disproved by pointing out a counter=-
example or,in children's language, a better term may be:

a domino that denies the sentence." For example, the
statement "If there is a 3 on a domino, then- there is a 2
on it" is false for the above incomplete set (see demonstra-
tion chart #1) because, among others, the domino |° ¢ -

.

disagrees with 1it. | R

For any suggestion of a rule try to "turn around" the
sentence and ask whether the flipped over one is a true

‘tule. For example, suppose a student suggested: "If 6,

then 4," which proved to be correct. . Teacher will ask: -
"What about-- If 4, then 67" This 1s false. Proof: " |+ .|« »
is in the set." v ‘ s ofe

7

Repeat Part (b) above with a new incomplete domino set.

For example, which rules are true for the following incomplete

set?
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s

-Children may.ﬁbw come up with some more complicated rules

;1ke: If there is a 3 on a domino, then there is an even:

number on it, too. (Try its converse -‘if there 1s an even
nuinber on a domino, then there is a 3 on it, which happens

to be false. Npticé: both "If 5, thén 0" and "If 0, then 5"
are true rules.'") This is in fact an introduction to Activity 2,

see below.

@

‘Note about the demonstration charts: Teachér may find it useful to

Activity 2.

have a white felt board with black domino cards which can be
prepared from a black cardboard with holes punched for the
dots.. Another idea may be to attach a magnet strip to a
real dominoes and use a metal board for the demonstratiom.

Group. Game: Guess Paul's Rule

4-6 players.
At least one, preferably two, complete domino sets for

each team. Captain of the group needs a paper with the

:team members' 1ames on it to write down the points each

one earns. N
Students take turns being Paul. The student who is Paul
chooses a statement of the form "if there is a ... on any

of my dominoes, then there is a ... on it." He puts on the

table, face uv..soﬁe or all of the dominoes which obey his

Mrule." (An easy way for him to do it is to exclude from

the complete set, all of the counter examples, as we'll do
in Activity 3.) The other players have to guess "Paul's"

rule. Each time a player proposes a statement, all the

~ players chéck the set to see if this statement happens to be

o 2;453.
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true for "Paul's" set. If it_is_cofrect, the student who

suggested it earns a point.” If the proposed rule is disproved,

the player who pointed out a doﬁino that denies it,-earns a
point. Surely, theré»may be more than one true rule for
fhat set. The player who guesses the rulé Paul really

had in mind earns an’fxfra'point. If after 5 trials no one
guessed the real rule, Paul announces _his rule, And ﬁg'
earns an extra point. If by chance after Paul annodnces his

rule, it is found wrong for his set, the student who discovers

it first earns a point.

Paul's Lost Dominoes (Teabﬁer-Class Game)

~ In the student's book there are a few pages with © pictures

~of a complete dominoes set like this:

232

Paul's rule for his incomplete domino set is

‘e » 4 .

fo oo o Cross the dominoes Paul lost for sure
‘. o]e

]

v sfe aj o o
_‘. o » ] [

S °ola o

L] *te o . 8} [] ] oo °

. ° . )

ofo o ole . ’e ]
. ° o] ¢ e ole ] L] °
. . . . . [} .

. . . ° . . ] . .

* die sl e ¢ w], - ° L) .

[ ] - [ ] [ )

[} » L] ) [ ] L] L] ™ ® [} »

« o . e o N s

o e L . . ¢ 3 ) [ » .
4 [] L J ] [ ] Y [}

. . ) . . .+

" e ° e .
[ ] L] . e 9 [ ] ¢

Demonétration Chart #2

249




- 23 -
é33  “
Teachef will prepére a similar demonstration chart (or use felt board
or magnetic board). | |
a) We'll st#ft as usual by a teacher-whole-class activity. Announce
the rule for Paul's 1ncompleﬁe set (see suggestions below). Write
it down above the demonstration chart. Call studengp one at.a.
time to cover off the demonstration charf with a blank card a
domino which Paul lost for “sure. ‘
b) After the students got the idea, you may want to conduct a team
' contest: Fach student will work on his oﬁn chart. Teacher
‘announces thé rule. Students write it down in the place left for
this purpo;;.ébove each chart.  Then they cross the dominoes
Paul lost for sure, according to that rule. Each student will
score one point for each correctly crossed.dominp. Individuai
scores.will sum up to team's score. |
Here are some suggestions for rules: (examples 5, 6, are
hatder and may be omitted.)
1) If there is a 2 on one half, then there is a 4 on the
otﬂer half. (Paul must have lost all'chéedomigoes with
2 on one half which have 0,1,2,3,5, or 6 on the other half.)
2) If there is 4, then there is 2. (Write in sﬁort‘4 +2)
In ghis case the following déminoes must be crossed out:
~all the dominoes with 4 on them and 0,1,3,4,5,6, on the
other half, NOTI(;E the difference between the previous
case and this one.
3) 1 '45-(lost for sure: 1-0,1-1,1-2,1-3,1-4,1-6. thers, may
orvmay not.) ‘
4) 5 +1 (lost for sure: 5-0,5-2,5-3,5-4,5-5,5-6. Others
may or may not.) .

5) 5 »>no~-2 (lost: 5—2);
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6) No-2 5 (lost° - 0-0,0-1,0-3, 04, 0~6,1-1,1-3,1-4,1-6,
3-3, 3-4, 3—6 44 ,4-6,6~6) o
Make the students notice the difference between their answers
to 3 and to 4.
For any rule of the_form‘"if there is an X on a domino, then

there is a Y on the other half," there are 6 dominoes that are lost

for éutglwaemknow nothing about all the other dominoes. E.g., for

2'+{§ Ehe ones that Paul for sure does not have are:

Any other domino may or may not be lost. (In particular ..

does not have to be in a set for 2 +'3!) As a result of that,

for any conditional sentence of the above form, there are many

incomplete domino sets that satisfy it.

‘Students fhpuld be encouraged to say a general sentence for
thé lost dominoes, instead of naming theﬁ one by one, e.g., in
the.above example, ﬁe know for sure that Baul lost all the domiﬂoes
that have é 2 on one half, but do not have a 3 on the other,

Students will need a new picture ‘for each turn.

Note: Instead of asking a student td glve his reasons for a wrong'answer,
lead the student to see that he is wrong by asking some more questions.
For example The rule for the dominoes Paul has 5 - no-2.

ety | (This is wrong! This one may be in Paul's set.)

S: »
\ T: '(Don't ask why, instead ask:)
) Does it have a 5 on 1t?
S: Yes.
T: Does it have a 2 on the other side’
S: No.
T: So, it has a 5 on it and does not have 2 on the other

side. Does it meet the rule 5 = no-2?

251




Notice:

- 25 -

: Yes

So, did Paul lose it?

Not necessarily.

We are looklng for those he lost for sure!
domino.

S wn-an

2 > 3 does not mean that the 2 must. appear on the left side of

a domino that obeys that rule.

252
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Objectives:

- 26 -

Pictorial Activity

1.. To have children learn that (p + q) implies not (p and
not-q)

2. To have children practice MP, MT, AC, DA

Duration of activity: 3-4 sessions

Materials:

18 pages with several pictures and a conditional sen-
tence on each. Not all pictures on a given page agree with
thé conditional sentence on that page. Students' task is to
find those pictures which disagree. |

Each ofvthe.first,ten pictorial pages is followed by a
puzzle page on which there are four questions, one of each
logical type: MP, MT, AC, DA, All four questions on a
puzzle page are hased upon the conditional sentence on the
previous page.

The pictofial pages are arranged in an increasing order
of difficulty. Pages 34-39 have condifional sentences close
to children's everyday experience. Pages 40-47 have a more
hypothetical nature. On pages 48;51.the conditional sen- -
tences include negation. Page 52 has no picture which
disagrees with the sentence. All first ten pictorial pages
(Part (a)) contain particular sentences. Pages 57-64 (Part
(b)) contain universal sentences, °

Pages 54, 55 are discovery pages (see answer sheets).
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- corresponding puzzle page (35, 37, 39,...,53). During this time teacher

.27 - ; ‘ 237

Conducting the Activity:

Part (a) | : ~ A I

Each child gets a copy of these pages. Teacher will conduct the work
on the pictorial pages, 34; 36, 38,...52, frontally, with -the whole class
(see teaching cues). . |

After each picture page students will work individually on the

will deal with individuals, trying to lead those who wrote a wrong an-
swer to recognize their mistakes (see teaching cues below).
Pages 54,55 are discovery pages on which children can summarize

their findings. Teacher should conduct a discussion of these findings..

Part (b)
Each child will get a copy of these pages. A whole class discussion
of pages 57-60 lead by the teacher, will precede individual work on

pages 61-64 (see comments on answer sheets).
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Teaching Cues

Pages 34,35 (S-5,5-6)

(Hand each student a copy of Part (a), pp. S-4 - $-26). Today we

have some interesting pictures to work with. Take two minutes to

- browse through the pictures. See what they are about.

Note:

(Have a short free time to look at the pictures.)

Look at page S-5. (Read the instruction on top. Ask a student to

read the conditional sentence at the bottom,) What do you see in.

these pictures? (For each picture encourage descriptions which use
the words of the conditional sentence at the bottom of that page.

This will be done by getting students to say for each picture:

1) what Jim is doing; 2) what time it is; 3) whether or not Jim is

eating; 4) whether or not it is 7:30.)

I can see two pictures in which the time is 7:30, and two in which

the time is not 7:30. Can you find the two pictures in which it is

7:30?

Pictures #1 and #2.

Which of these pictures disagrees with the conditional sentence?
For each conditional sentence p + q it is a good habit to first
separate the pictures in two parts: those in which p, the ante-
cedent, is true( e.g., it is 7:30) and those in which p is not-
true (e.g., it is not 7:30). Then, concentrate first on those
where p is true (it is 7:30) and f1nd whether or not q is true in
them (Jim is eating).

Pictures in which p is true and q is not true (it is 7:30, and
Jim is not eating) do not agree with p » q because p + q means
that whenever p is true q will also be true.

The pictures in which p is not true (e.g., in our case, those
where it is not 7:30) are irrelevant to the sentence p + q because
the sentence does not discuss this case (it tells us nothing about
what Jim is doing at any time other than 7:30). These pictures

therefore do not disagree with the sentence, or in other words,
they do not contradict anything that is said in the sentence.




ture teacher should discuss whether the first part is true or not
it in, whether the second part is true or not in it and, as a
result, whether the picture disagrees with the sentence. (It
disagrees only when p is true and q is false.) -
T: Very good. Any other picture which disagrees with the sentence?
S: #3. (Wrong answer)
T: (Ask the student to read the sentence again if you think it's neces-
sary for refreshing his memory. Please, do not let him feel in
your voice er in your face that you doubt his answer is right. We'll
try to lead him to discover it.) Why do you think it disagrees with
the sentence?
S: Because it is 1:30 there, and Jim is eating.

T: What does the sentence say Jim is supposed to do at 1:30?

S: It does not say anything. We don't know what he is sﬁpposed to do.

T: Does it say he is not supposed to be eating at 1:30?
S: No.

T: 'Does it say he i§ supposed to be'eating at 1:30°7

S: No.

T: Does picture #3 disagree with the sentence?

S: No.

- 29 - 239
S Because it's 7:30, but Jim is not eating.
T Very good.
. Note: Each answer should be very carefully related to the sentence.
There are two parts to each conditional sentence and for each pic-
|

T: Picture #4

S:_ - No,

T: How come?

k Note: Discuss the fact that the sentence does not tell us anything, not
only about 1:30 but about any time other than'7:30. In particular,
it's not impossible that JiIm will eat at times other than 7:30.

) : Q :3536
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. It is easier to decide on the pictures that disagree with the sen-
tence than on those which agree with it, because it is somewhat
-against the natural tendency to say that the picture in which it
is 1:30 and Jim is playing baseball agrees with the sentence: If
it is 7:30 then Jim is eating. (Since it does not disagree with
this sentence, we say it agrees with it!) ~The terms correct and
wrong are even more misleading than agree and disagree. It is
therefore recommended to avoid them. We only discuss the question
whether or not each picture disagrees with the conditional sentence.
So always ask: '"Does this picture DISAGREE with the sentence?" and
not: 'Does this picture agree with this sentence?’ Even though

- this question is a negative one, it is the easier one to answer in
: our case.
. ' Underlining p, the condition part of the sentence, may help the

students,

S: Picture #2 does not agree with the sentence.

T: Why not?

Us

Because Jim is playing. (Incomplete answer) e
T:  He is playing in picture #2, that's right, but this does not tell me
~why it disagrees with out sentencé. Our séntence does not talk abou£
playing at all. And it does not say he should nof play, right?
S6, why does picture #2 disagree with our sentence? (If no answer
is offered, aSk: Is Jim eating?)
S: Because Jim is not eating. (This is a better answer, yet it is still
incomplete.) |

T: What's wrong with that? Does the sentence say he must be eating?

- S: Yes. (Wrong! The sentence says at 7:30 Jim must be eating!)
T: Read the sentence.

o

S: If it is 7:30, then Jim is eating.
T: (Use your voice to stress the first part.) Oh, it says that if it is
7:30, then Jim is eating. Can you give a complete reason now, why

picture 2 disagrees with this sentence?
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" Now cross out picture #2 and work quietly on the question on page

la. (Teacher circulates around to check answers, to help children
with reading, or other difficulfies, and providing guidance for
children who got wrong answers, by referring them back to the éic-
tures‘on page 1 fsee answer sheet and note after discussion of

pages 36, 37).

Pages 36,37 (S-7,S-8)

We are going to page S-7. Mark, read the conditional sentence
please. Jack, describe what you see in picture 1. (Insist on an-
swers that use the words raining or not-raining, Carol wears her
boots, Carol does not‘ﬁear her boots.) Who can tell us in his own
words what the sentence is all about?

It tells us thét Carol wears her boots on rainy days.

Which pictures show its raining? Which of them disagree with the.
sentence? Why? (Similar td d15cu§sion of page 34). When there
is no rain does she wear her.boots, according to our sentence?

No. (Wrong answer.)

Is the sentence saying she isn't?

Yes. It says: qu it's:faining, then Carol wears her boots. So
ir it's not raining, she doesn't. (Wrong hrguﬁent.)

You said correctly that we know for sure she wears her boots when-
ever it rains. Read the sentence again and tell me what does the
sentence say about days that are not raining?

Nothing.

So, could she wear her boots when it's not raining? Does the sen-
tence allow her to do it or forbid it?

Yes. She may do-it.
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What picture shows an,impossibiq_évent‘thét can never happen.
according to the conditional sentence?

#3.

Any other?

No.

0.K. Cross off picture #3, Let's work on page S-8 quietly for a

few minutes.

A puzzle page will bhe worked right after the pictorial page.
Refer the students back to them in any puzzle a child has dif-
ficulties with,

E.g., puzzle #1, p. 37: If it is raining, then Carol wears her
boots. It is raining. Is Carol wearing her boots? The answer
is yes, for sure. On page 36 we crossed picture #3 off because
it is raining there and Carol doesn't wear her boots, which dis-
agrees with the sentence. The. sentence doesn't allow that. She
must wear her boots in the rain according to that sentence.

Puzzle 3, p. 37 asks about Carol wearing her boots or not on a
not-rainy day. Back on page 36 both pictures #2 and #4 describe-
a not-rainy situation, one in which Carol wears her boots, the
other in which she doesn't. Both do not disagree with the sen-
tence. She may or may not have her boots on in not-rainy weather.
There are not enough clues to decide.

Puzzle #2, p. 37: Here Carol wears her boots. Is it raining?
Again, back to page 36 pictures #1 and #3’show Carol wearing her
boots, but in one case it is raining and in the other it. is not.
Neither of these pictures were crossed off as disagreeing with
the sentence. So, they both show a possible event. We don't
have enough clues to decide.

Puzzle #4, p. 37: Carol doesn't wear her boots, I. it raining?
Look at page 36. We crdssed out the picture where .t is raining,
and Carol doesn't have her boots on. This is an impossible event.
according to the question. .Carol can go without her boots on
only when it is not raining. So, the answer to this puzzle is no.

Pages 38 (S-9) and on

See comments on answer sheets and follow the general scheme

described above.
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PICTORIAL ACTIVITY
Part (a)

Teacher's edition

Comments and .answers are typed in italics.

T4 W
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In each picture below Jim is doing something at a certain timé. Read
the conditional sentence at the bottom of this page and underline its
condition part. Write the number of each picture which disagrees
with it.

°

3 » | | @)

If it is 7:30, then Jim is eating.

F-.ﬂza-z‘: do you s:'ee.in the pictures? (Jim is eatingy; Jim is not eating;
7;t; L.;;‘z.77:50;. Lt 18 not 7:30). About what time is the sentence talking?
in whieh pietures is 1t 7:307. Which of those disagrecs with the

e

sentence? i

e - 261
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Read, think, and answeri

1.

2.

3.

a) If it is 7:30, then Jim is eating.
b) It is 7:30.

Is Jim eating? Yes

Why? (b) says it is 7:30, so according to (a) Jim must be eating.

-

a) If it 1s 7:30, then Jim is eating.

b) Jim is eating.

Is it 7:30? Not enough clues (NEC),

Why? _Jim may be eating at other times too. (Refer your students

back to pictures 1, 3, where Jim is eating but the time is not

necessarily 7:30)
a) If it is 7:30, then Jim is eating.
b) It is not 7:30.

Is Jim eating? NEC

Why? Jim may be eating at other times too, (Refer your students back

to pictures 3,4 where it is not 7:30 but Jim may or may not be eating.)

a) If it is 7:30, then Jim is eating.
b) Jim is not eating.

Is it 7:30? No.

Why? (D) says Jim is not eating, If it was 7:30, then by (a) Jim

would eat, but he is not. So, it is not 7:30. (That's why picture

"'5

2 was crossed off.) S : » PR
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Read the conditional sentence at the bottom of this page. Some pictures
on this page disagree with this sentence. Write the number of each

picture which disagrees with it.-

(2)

4)

If it is raining, then Carol wears her boots.

What do you see in the pictures? (It is raining; it's not raining;
Carol wears her boots; Carol does not wear her boots.) What is the
subject of the conditional sentence? (It is raining. Make student
underline this part.) In which pictures is it raining? Which of those
dicagrees with the sentence? What about ptetures where it doesn't '
rain? (They at least do not disagree!!!)
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Read, thihk, and answer:

‘1. a) If it is raining, then Carol wears her boots.
b) It is raining.

Does Carol wear her boots? Yes

Why? _(b) says it's raining, in which case (a) guarantess’ that

Carol wears her boots.

2. a) If it is raining, then Carol wears her boots.
b) Carol wears her boots.

Is it raining? _ NEC

Why? Carol may wear her boots even when it does not rain. There isg

nothing in the sentence (a) to prevent her from doing it, (pictures

1,2) or to foree her to do so.
3. a) 1If it is raining, then Carol wears her boots.
b) It is not raining.

Does Carol wear her boots? NEC.

however she does mot have to wear them (see pictures 2,4).

4. a) If it is raining, then Carol wears her boots.

b) Carol does not wear her boots.

Is 1t raining? flo

Why? By (a) we know that if it was raining, Carol would have had her

boots on. But (b) tells us she does not. So, it cannot be raining.

(That's why picture 3 was crossed off.)

ERIC | B

Why? [Lven though it does not rain, Carol still may have her boots on,
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D
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(3) W

If it is March, then there is snow on this mountgiﬁ. '

What month of the year does this sentence discuss? Underline "it is
March". What does the sentence say about that month? Find the pié-
tures which show March. Does any of them disagree with the sentence?

' What is common to pictures 2 and 37 (It is ot Muréh, in both.)
What's the difference between them? Does any of them disagree with
the sentenee (No). Why? (See question 3.)

X 3
- 38 - .
S-9 248
, ‘ : /
Read the conditional sentence at the bottom of this page and write
the number of each picture which disagrees with 1it. :
. .
\
o | 5
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Read, think, and answer:

1. a) If it is March, then there is snow on this mountain.
b) It is March. ‘ ——

Is there snow on this mountain? JYes

Why? That's what (a) tells us’ about March.

*a

2. a) If it is March, then there is snow on this mountain.
b) There is snow on this mountain.

Is it March? NEC

Why? _Even though we know for sure that in March there is snow on

that mountain, there still may be snow on it any other month. (See

pictures 1,2).

3. a) If it is March, then there is snow on this mountain.

s

b) it is not March.

Is there snow on this mountain? NEC

Why? [he sentence (a) does not tell us anything about months

o

o_her than March. It may or may not be snow on that mountain

(pictures 2,3).

4, a) 1If it is Maréh, then there is snow on this mountain.

b) There is no snow on this mountain. : _ -

Is it March? No.

Why? _In March there {g show on that mountain (by (g)). .So it

cannot be March when there is no snow on it as (b) informs us.

ERIC 266
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D S-11 250
Read the conditional sentence at the bottom of this page and write
> the number of each picture which disagrees with it,
3, 4 ’

D

D

D

| (1) (2) 3)

J

]

) W

| I | b ¥

). @) (5) )
Explain: /én one little
town people discovered
that the sentence below

) - i8 true.

| L%CKY , Review the notion of

(

)

If it is a Safeway truck, then it has an odd number on it.

(8)

267

" odd and even numbers if

need occurs.

Make student recognize
and underline the subject
of the sentence (Safeway
trucks). :

Discuss the fact
that we know nothing
about the numbers on
Lucky trucks. ., ey may
be odd or even.
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Read, think, and answer:

3.

a) If it is a Safeway truck, then it has an odd number on it.
b) This is a Safeway truck.

Does it have an odd number on it? _ Yes

Why? ~ That's what (a) tells us.

a) If it 1s a Safeway truck, then it has an odd number on it.
b) This truck has an odd number on it.

Is it a Safeway truck? _ NEC

Why? Not only Safeway trucks may have odd wumbers.. (Refer back

to pictures 1,2,5,6)

a) If it is a Safeway truck, then it has an odd number on it.

b) This truck is not a Safeway truck.

Does it have an odd number on it? NEC

Why? Any truck which is not a Safeway tﬁuck may carry either an

odd or an even number, if it has a number aqt all.

a) If it is a Safeway truck, then it has an odd number on it.
b) This truck does not have an odd number on it.

Is it a Safeway truck? WHo.

Why? Safeway trucks, by (a), must have an odd_number, so this

truck cannot be a Safewvay one since it does not have an odd number

on ©t (by (b)).
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Read the conditional sentence at the bottom of this page and write»

the number of each picture which disagrees width™it.

252

[ 4
t (1) (2) _ (3)
{ (4) (5) | | (6)

|
4
i
| If a table has a square shape, then there are flowers on it.
v Only tables with a square shape which do not have flowers on them disturb the
). truth of this conditional sentence. The sentence tells us nothing about any
other shapes with regard to them having flowers on, or not.
lriderlining the condition part of the sentence can help.
) 269
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Read, think, and answer:

2.

a) If a table has a square shape, then there are flowers on it.
b) This table has a square shape.

Are there flowers on 1t?  Yes

Why?  That's what (a) tells us for situations described in (b).

a) If a table has a square shape, then there are flowers on it.

b) There are flowers on this table.

Does this table have a squafe shape? NIC

Why? Refer back to pictures 1, 2, 3 which show different shapes

of tables with flowers.

a) If a table has a square shape, then there are flowers on it.
b) This table does not have a square shape.

Are there any flowers on it? NEC

Why? Refer back to pictures 2, 3, 5, 6 which show not-square tables

with and without flowers.

a) If a table has a square shape, then there are flowers on'it.
b) There are no flowers on this table.

Does this table have a square shape? No

Why? That's why picture 4 was crossed off. A table cannot be

square shaped and have no flowers on it (by (a)).




In each picture below there is a plate with some food. Read the
conditional sentence at the bottom of this page and write the number
of each picture which disagrees with it.

5, 6
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1) | (2) - (3)

By

%) (5 (6)

. If Mom put a cake in the plate, then she put a banana in it.

llotice: A plate with a banana does not have to inelude a cake. It is a
nlate with a cake that has to include a banana!
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-Read, think, and answer:

1. a) If Mom put a cake in the plate, then she put g-banana.in it.

" b) Mom put a cake in Jim's plate.

Did she put a banana in 1t? _Yes

Why?

2. a) 1If Mom put a cake in the plate, then she put a banana in it,
b) Mom put a banana in Janet's plate.

Is there a cake in 1it? NEC

Why? Refer back to pictures 1, 4.

3. a) If Mom put a cake in the piate,'then she put a banana in it.
b) Mom did not put a cake in Jack's platé.

Did she put a banana in 1t? VNEC

Why? Refer back to pictures 1,2,3.

4. a) If Mom put a cake in the plate, then she put a banana in 1it.
b) Mom did not put a banana in Jill's plate.

Is there a cake in 1t? WNo

Why? There cannot be a cake in a plate without a banana in it!
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In each picture below a man named Kevin stays either in his house or

outside.

write the number of each picture which disagrees with that sentence.

2,3

256

Read the conditional sentence at the bottom of this'page =

aus
SToP

(4)

(7)

() (6)

If Kevin is wearing his hat, then he is outside.
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Read, think, and answer:

2.

a) If Kevin is wearing his hat, then he is outside.
b) Kevin is wearing his hat.

Is he outside? Yes

Why?

a) If Kevin is wearing his hat, then he is outside.

b) Kevin is outside.

Is he wearing his hat? _ VEC

Why? See pictures 1,4 and 6,7,

a) If Kevin is wearing his hat; then he is outside.

b) Kevin is not wearing his hat,

Is he outside? _ NEC

Why? See pictures & and 6,7.

a) If Kevin is wearing his hat, then he 1s outside.

b) Kevin isn't outside.

Is he wearing his hat? No.

Why?
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In each picture you sSee a man doing something, while the 1V ig either
on or off.

Read the conditional sentence at the bottom of this pag .
and write the number of each picture which disagrees with it,

3

(1)

If the TV is on,

then the man is not reading

This is the first conditional -sentence, with negation, in this activity. Student
will as usual be ealled to deseribe the pictures in terms of: TV is or is not
on; the ran i3 or ig not reading.  Concentrate on those pietures where TV is on

EE R I A ST R MY 7res M h 2l nontoman il < o
M 78 readivg wihdTe Y Y8 oon.,

. B
O FRPR AN er

v g b
[0 S

oLl
Lt !

e
Pieturas 4,5,6 de not diaagrac vith the
§ [ "
BT O MALLE o




: Read, think, and answer:

., 1. a) If the 4TV 1s on, then the man is n_o‘t‘rfeading.
| b) The TV is on. |
> Is the man reading? [ . , | ’
Why? - | .
2. a) If the TV is on, then the man.is not reading.
b) The man is not reading.
> Is the .'I:'V"on? NEC
‘ Why?  Refer to pictures 1,2 and 5,6.
. | /
.' | 3f a) 1If the TV 1s on, then the man is not reaciing.
b) The TV is ;pgg'on., - 4 £
~ Is the man reading? NEC
. » Why? . See pictures 4 and 5,6.
, 4. a) If the TV is on, .then then t;he man is not .reading. .
| b) The man is reading. s |

Is the TV on? YO

Why?
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* number of each picture which disagrees with it,

1

. In each picture below there is a bicycle with or without a back seat.
Read the conditional sentence at the bottom of this page and write the = .
D

»
.

b |

;;7* B _,I,f,th,em ?{é}felej,as, a bick;sieat,ither? it is not Mike's.

*.
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Read, think; and answer:

2.

3.

~ a)'aIf‘fhélbicycle has a back seat, then it is not Mike's.

b) This bicycle has a back seat.

Is it Mike's? . [lo

Why?

a) ‘If the bicycle has a back seat, then it is ﬁot Mike's.
b) This bicycle is not Mike's.

Does it have a back seat? VEC .

Why?  See pictures 2 and 4.

a) If the bicycle has a back seat, then it is not Mike's.

b) This biCyclé‘does not have a back seat.

Is it Mike's? NEC

Why? See pictures 3 and 4.

a) If the bicycle has a back seat, then it is not Mike's.:

b) This bicycle is Mike's.

Does it have a back seat? Mo

Why?

278

261




152 -
S-23

In each picture below is a complete 1list of things that the lady hhs
bought. Read the conditional sentence at the bottom of this page and
write the number of each picture which disagrees with it. .

no pieture disagrees.

262

FRVIT
MEAT
BYTTER
CORKIES
MiLK

CHEES
BRead
Iy

(3)

VvEGETABLES

MiLk
MEAT

4) | ()




Read, think, and answer:

1.

2.

3.

a) If the lady buys peanut butter, then she buys jelly.
b) The lady bought peanut butter.

Did she buy jelly? Yes

Why?

a) If the lady buys peanut butter, then she buys jelly.i
b) The lady bought jelly,

Did she buy peanut butter? JEC

Why?

a) If the lady buys peanut butter, then she buys jelly.
b) The lady did not buy peanut butter.

Did she buy jelly? HNEC

Why?

a) If the lady buys peanut butter, then she buys jelly.
b) The lady did not buy jelly.

Did she buy peanut butter? No

Why?
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. Discovery

1. Look back at each puzzle page (S5-6, S-7, ... S-24). Find what is
common to all four questions on each puzzle page.

Same clue (a).

The question is the same in questions 1,3 and in questions 2,4.

The answer to 2,3 is always NEC.

2. What are the differences among all four questions on each puzzle

page?
Clue (b) differs

3. Can you find anything in common tb question number 1 on all the

puzzle pages?

Tlue (b) is the condition rart of elue (a). The answer is always

either yes or no.

4. Can you find anything in common to question number 2 on all the
puzzle pages?

Clue (b) is_the second part (the vesult part) of elue (a). The

answer s always NEC.
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5. Can you find anything in common to question number 3 on all the
puzzle pages?

Clue (b) is the negation of the condition pdré of 2lue (a).

The answer is always NEC.

6. Can you find anything in common to question number 4 on all the
puzzle pages?

Clue (b) is the negation of the result part (the second part) of clue

(2). The answer is always no. (It will be sometimes yes, in these

cases, but there is no example of that kind in the previous. pages.

When the condition part of clue (a) includes negation, the answer to

tiiis type of question will be yes. )
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PICTORIAL ACTIVITY
Part (b)

Teacher's edition

Comments and answers are typed in italics.
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In each frame below results of two games are reported: California vs.
Texas, and California vs. Michigan. Read the conditional sentence at
the bottom and write the numbers of each frame which disagrees with that
sentence. ' .

2,3,8,9

What is the subject of this sentence? Underline it. In which frame or
f?ames does California beat Texas? In which of those does California beat
Mlenigan? Which ones disagree with the conditional sentence? '

What does the conditional sentence tell us about games in which California
Jdoes not beat Texas? (Nothing.)

California 10 California 12 California 9
Tesas 3 Texas 8 Texas 6
California 15 California 3 ' California 15
Michigan 9 Michigan 15 ‘ Michigan 15
e (2) - : (3)

* California 3 California 8 California 6
Texas 10 Texas 12 Texas 9
California 15 California 3 California 15
Michigan 9 Michigan 15 Michigan 15

) (s) , (6)
| ’ ]
California 10 California 13 California 10
Texas 10 Texas 10 Texas 9
California 15 California 9 California 15
Michigan 3 Michigan 15 Michigan 15

) @) | 9

If California beats Texas, then'California beats Michigan.
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In each picture below there are three people. Read the conditional sen-

tence at the bottom of this page and write the number of each picture
which disagrees with it.

2, 7 ’

e 7 e e @@ —

g

A A C
(2) 3)
A B T A B T A B C
(4) | () - (6)
. If A is taller than B, then B is taller than C.
. Use a procedure stmilar to the one descrzbed on
A p - C page 11.
@)
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In each”picture below you see a street with some houses. Read the
conditional sentence at the bettom of this page and write the number
of each picture which disagrees with it.

1,8,4,3

Students should check each picture to find out whether any house in. it which has
a chirmey does not have a flag. One such house in a picture makes the picture
disagree with the conditional seritence (or in other words: the sentence is
false for that r’cture. '

i
oS

ey ' . (@) 3)

T

(5)

For al’ the houses in this street: If a house
has a himney, then it has a flag.
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Each frame below contains;nine numbers. Read the conditional sentence
at the bottom of this page and write the number of each frame which

disagrees with it.

2,4,5

For a given frame this sentence is true only if every even number in that frame
is greater than 20. If in a given frame there is (at least) one even number
which is less than, or equal to, 20, then this frame disagrees with the condi-

tional sentence because not all even numbers in it are greater than 20. 0dd
numbers, or course, do not count. ' B

270

21 22 2»
20 A5
21 48 A9

69

Is 16 |7
18 19 20

Al 22 03

12 4 /6
1§ 0 22

)

/3 /5 17
19 21 o3

A5 27 29|

Qy A6 Q3

(4)

For all the numbers in this frame:

greater than 20. -

(12 A
14 15 16
11 18 19

3)

(5)

B s

14 22 24
X6 A8 3o

287
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If a number is even, then it is
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In each picture below you see a box of pencils. Some have an eraser,
some don't. Some are sharp, some are not. Read the conditional
sentence at the bottom of this page and write the nhumber of each
picture which disagrees with it.

4,6,7
In eaecn frarme, one ought to look only at those pencils which have an eraser. Out of
these one should look for those which are not sharp. If there is any pencil with an
eraser but not sharpened in a given frame, “then this frame disagrees with the sentence.
(Peneils without an eraser may or may not be sharp.)

[+ ))) R F——ﬂ 0 === —

U T —— m ' ;) @_*__,‘_———-s.;...::f';)

‘:: T — 4_______;?') m [ o LT —

Qo T — — F):::?’-;-‘—“f-'—-—-:-‘:fﬁ s— : -
E = >

e | e ——

[ )") ———— B e P (e MIZEQEEEE

For all the pencils in this box: 1If a
pencil hasg an eraser,‘then that pencil
is sharp.

7
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In each frame below there is a list of team members. Read the
conditional sentence at the bottom of this page and write the number
of each frame which disagrees with it.

2,3
TEAM‘L TeaM2 TEAM3
MIKE ToM | | FARy

Seotr ARTHUR | NANcY
JERRY | DlaNE ANN
JOE | ALICE | RiTA

) , @ 3)

Vhis one may cause some difficulties. Students find pretty fast that frame 3
Ihsagrees with the sentence. However, it takes some argument to persudde them
that the sentence is false for frame 2. Try to lead those who have difficulties
to explain the sentence using the word: must. For. example - If a student
helongs in this team (which one? - team 2) then this must be a boy. Does Diane
belong in team 2?7 ig this a boy? Well are all students in team 2 boys? Does
it agree with the sentence?

For all the students 1in the class: 1If a student belongs in this team,
then that student is a boy. :
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In each frame below there are six cards. Each card has a letter on
top, and a letter at the bottom. Read the conditional sentence

at the bottom of this page and write the number of each frame which .
disagrees with {it. . :

2,6
K] M] [C K] (k] [C AlD] (L
L L] [k L] [M] [k ROEE
L] [F] [R ] [K] [Z R| [0] [E
S| [a 1 [z] [K c] 7] [k
(1) @ (3)
Al 8] [c .| [E][6] [M K| [K] [k
L)L |L - F||[#]]C Al B|IC
X] Y] [Z WX @ K] [K] [K
L (L} L Li|Z||P | M| N
(4) ‘ (5) | (6)

One card with K on top but a letter other than L at the bottom makes the whole
[rame disagree with the sentence, even if some other cards in that frame show

K on top and L at the bottom. However, cards with I, at the bottom do not have
to show K on top!

For all the two—lettér cards in this frame: If there i1s a K on top
f ard, then there is an L at the bottom of that card.‘
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In each frame below there is a group of children. Read the conditional

sentence at the bottom of this page and write the number of each frame
which disagrees with {it.

3,4,6,8,11,12

o d N0
N .. ‘lh. /" A
DD i
& A
."‘ 300 4

@ 2) 3 (%)

'L@ Y YY) g [ B5en

In this group of children: If a child does not wear a ribbon, then

the child wears glasses. In each frame we look jor a child who does not -+
, - wear a ribbon vor glasses.

* . ,291
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Numbers and Their Properties
- N
Objectives: (1) "(p ~ q) v (not-p ~ q) v (not-p ~ not-q)"impiies "if p
then q". "Not (p and not—q)" implies "if p then q".
(2) Using symbols (lgtters) for variabléé, constants, and
relations (Introéuction).
(3) Experience with MP, MT, AC, and DA..
Materials: A small hand blackboard (these activities are "chalk and talk,"

plus paper and pencil activities); or a magic slate

Duration: 2-3 sessions.
Administration:

Activityﬁi: InfroduCtionfgghmatrix representation of a conditional
| sentenge. |
This activity consists of three parts:
Part a takes about 5-10 minutes.
\

Part b takes about 15-20 minutes.

Part c¢ takes about 15-20 minutes.

Part a. Make a chart on the blackboard like:

> 35 not > 35
> 15
not > 15
T: Each of you think of a number, any number. Michael, what's your.

number ?
-Michael: 25.
T: Michael's number 1s 25. 1Is 25 greater than 15?

S: Yes.
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T: (foint at the marginal.title where it says > 15.) Well, it belongs
in this row; Michael, is your number greater than 35?
Michael: No. |
T: So, it beiongs in this cclumn (point at the marginal title saying:
"not > 35"). So, I'll write 25, Michael's number, in here (put it

in the upper right box),'

‘T: Jane, what's your number? Where does it belong? Why? Jack, what's

your number? Come write it down in the right place. Why did you
put it there?

etc.
Part b.

T: (After each child has suggested his number.) Look, this box (point

at the bottom left one) is still empty. Can any of you think of
a number that belongs in thié box? Think h#rd.

S: We can't;there is none; etc.

T: Why? What's the problem? We found numbers for this (upper right),
and this (upper left), and this (lower right) box. Why can't we
come up with a number for this one (lower left)?

S: Because there's no number that's greater than 35 and not greater than
15. (Or: because any number that's greater than 35 is also greater
than 15; or: because a number that is not greater than 15 cannot be
greater than 35; etc.)

T: That's right. If a number 1s greater than 35.(point at that marginal
title and move your finger down along the column), then it must be
greater than 15. It camnot be smaller than or equal to 15 (point
at the lower left box) when it is greater than 35. (Write on.the
blackboard: If X >‘35, then X > 15.) Also, if a numbe; is not

greater than 15 (point at that marginal title and move along its
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row), then it camnot be greater than 35. It must belong in heré
(point ét the lower right box). Peter, can you repeat what I've said?
Come here, show us how the chart tells us this. (The child will be
encouraged to point at marginal titles and follow the rows and

columns as he talks.

c.
In you papers in question 1 you have another chart. ‘Fill it with

the listed numﬁérs.

(Children work on their own on question 1. When they finish let them
work on 2, 3. Check their answers individually or make some of them

tell their answers to the class. Leave the rest of the paper ‘for next
time.)

Activity 2. Puzzles

a. |

If a number is > 35, then it is > 15. What sentence is that?

(A conditional ome.) How do you know? (It starts &ith "If.") 1Is
that a true condifional sentence? (Yes.) Why? (Students will
explain: no number can be greater than 35 without being greéter
than 15 because 35 is greater than 15, and so on.)

Here is a matrix like the one we had in your worksheets.

> 15 not > 15
A B
> 35 .
: C D
not > 35

(Draw it on the blackboard.)
I think of a number. 1I'll call my number X. My number X is

greater than 35. (Write on the board X > 35.) Which box does

it belong to?
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S: The upper left, box A.

T: Why? O0.K., come put X there. Now I think of another number. TI'll
call it Y. My number Y is greater than 15. (Write "Y > 15", under
"X > 35".) Which box does it belong to?

S: Give us another clue. We can't tell yet. It may belong to
either box of the left column, either A or C.

T: Come put Y in both. My new number is Z. Z is not > 35. (Write
it under tke previous two statements.) Where does Z belong?

S: You fooled us again: you didn't give us enough informatiorn. If Z is
> 15 it belongs in C, the bottom left box; if it is not > 15, 1t
belongs in D, the bottom right box (read ">" as "greater than").

T: Come put Z in both. I have another number now in my mind. I'll call
it T. T i1s not > 15 (write it under the previous three statements).
Can you tell which box T belongs in?

S: D.

T: Why? How come you don't need some more information?

S: T 1s not > 15, so it 1is certainly not > 35,

T: Does anybody have a number in mind? Andy, call your number a name.
Tell us‘something about your number and we'll try to see 1f we can
put it in our matrix, etc.

Part b.

Each student needs paper and pencil. Teacher needs a small black-
board on which he can write his secret numbers. Choose any true conditional
sentence about numbers and their relations; for example, let's take the -
one the students worked on in their worksheets. Write it on the big black-
board in front of the class (preferably using symbols like: If X is > 60,
then X 1s > 20.)° Teacher will choose a number, will write it on the
small blackboard, and hide it. Then the teacher will give the class a
clue, which will be written on the big blackboard under the conditional
sentence, and will ask a question about his hidden number. Students will

be asked to answer, then the teacher will show his number.

All four questions will remain on the blackboard one next to the
other (see examples, next page).
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Say ‘ Choose as your secret . Write on the (big)
number blackboard
1. Jimmy, can you read this? If X > 60, then X > 20

What kind of a sentence
is it. How do you know?

I choose a number. 1I'll 65 (hide it) X > 60
not tell you what my number

e , is but I can tell you it is

greater than 60.

Is my number greater than Is X > 207
20?7 (Yes) . :
Show your hidden
number
2. Here 1s the same sentence. : If X > 60, then X > 20
I choose two numbers now!
My new numbers both are 25 and 70 (hide
greater than 20. Are they either)
greater than 60? (NEC) X > 20

Why? (Children give
examples like: you may
have chosen 22 and 23 or , Is X > 607
22 and 62 or 62 and 63.
In all cases X 20, but
we can't tell whether
X < 60 or not.)
Show your numbers

3. Here I choose another

nunber. : 30 If X > 60, then X > 20
My secret number this X 1s not > 60
time is not greater than.60.
Is it greater than 20? Is X > 20?
(NEC) Why?
Show 1t
4. Llast number I choose. 15 ‘ If X > 60, then X > 20
This time it is not greater X is not > 20
than 20. 1Is it greater than
60? (No!) Why? ‘ Is X > 607
Show it
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Now who wants to choose a number? Come~here, Tom. Whisper it to
me. Oh, Tom's number is greater than 20. Is it greater than 607

(Or: Tom's number is greater than 60, is it greater than 20? Tom's
number 1s not greater than 60, 1s it greater than 20? Or: Tom's
number 18 not greater than 20, is it greater than 60?) Let different
students whisper their number to you and you give the hint to the
class. Children write their answers first, and then carry on the
vote along with their rcasoning. At the end, the child that chose
the number says his number.

The following may help you phrase the questions:

If a child chooses a number then the teacher says to the class

Greater than 35 His number is greater than 35,
is it greater than 15? (Yes)

.Between 15 and 35, or 35 itself ' His number is not greater than 35.

(not 15!) A Is it greater than 15? (NEC)
Or: his number 1s greater than 15,
is it greater than 35? (NEC)

Less than 15, or 15 His number is not greater than 15.
Is it greater than 35?7 (No)

Comment : If there's any student who has trouble answering these
questions, a number line may help him visualize the problems. For
example, in question 1 (above) the unknown number is somewhere here

(shaded area):

. PP/ A AN I A

_— T

20 40 60 80

so it 1s certainly to the right of 20, too. But in question 3 (above),

the unknown number lies herel(shaded area):

¥§7//6Z?C/?1Z??fg44??ﬁ22%§44?22?4222¢¥329¢§ZZ?C/2322;7/
20 40 60 80
so it may or may not be to the right of 60. We can't tell.

The given information 18 not enough to reach a decision.

Activity 3: Questions 4-15 in student's worksheets (see next pages for
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Numbers and Their Properties

&)) Put each number listed-below in the appropriate box in the matrix
chart: (cross it off the list as soon as you put it in the matrix).
100, 45, 37, 29, 76, 12, 30, 1, 4, 42, 26, 15, 28, 35, 94,
56, 49, 13, 3, 24, 18, 6, 79, 52, 64, 19, 2, 91, 85, 22,

7, 33, 82, 77, 14, 34, 5, 11, 21, 36, 71, 84, 46, 51, 55.

Greater than 20 Not greater than 20

100, 76, 94, 79, 64,
91, 85, 82, 77, 71, 84,

Greater

than 60
45, 37, 29, 30, 42, 26, 28, 12, 1, 4, 15, 13, 3, 18, 6, -
35, 56, 49, 24, 52, 22, 33, 19, 2, 7, 14, 5, 11,

Not greater| z4 97 25 44, 51, 55

than 6 0 3 3 & 3 3 3

(2) In the chart you made in question (1), is there any empty box? Yes

Can you find a number to put in the empty box? Nqii

‘ !
Why? Ezcause there is no number that is at the samd time greater than

70, and not greater than 20.
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State the fact you discovered in question 2 as a conditional sentence.

(Don't forget to start wich the word: If).

a. If a number is greater than 60, then it is greater than 20.

b. If a number is not greater than 20, then it is not greater than 60.

In’questions 4-7 read, think, answa2r, and giﬁé the reason

)

(5

( 6)

)

If a number is greater than 60, then that number is greater than 20.

Tom's number is greater than 60. : -

Is Tom's number greater than 207  Yes

Why? Because Tom's number is greater than 60 and 60 is greater than 20.

S
1

If a number is greater than 60, then that number 1s greater than 20.

Mary's number is not-greater than 60.

Is Mary's number greater than 20? VEC. -

Why ? M&rqﬁq number 18 not _greater than 60 but it _may be greater than

A

20 (e.qg., 30) or less than 20 (e.g., 10).

If a number is greater than 60, then that number is greater than 20.
Jill's number is greater than 20.
Is Ji11's number greater than 60? NEC

Why? _Jill's number ig ngz.ngQ2§ﬁgr11a_a2EQI22_ihﬂﬂ—ﬁQL———iJﬂgy-bﬁ-———

greater than 60 (e.q., 70) or less than 60 (e g., 40).

If a.number is greater than 60, then it is greater than 20.

" Jim's number 1is not greater than 20.

Is Jim's number greater than 607 No

Why? If Jim's number vas greater than 60 it would have been greater

than 20, but it is not, so it ecan't be greater than 60.
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(8) The conditional sentence "If a number .is greater than 60 then it is
gréater than 20" 1is a true ;tatement about numbers and their réiations. )
Invent some other true'conditiona} sentences about numbers and their
relations. Start each sentence in a new line. Don't forget: each
conditional senteﬁce should start with the right word, that is __If .
Answers will vary. Here are some possible ones. L

I.

If a number is greater than 100, then it is greater than 50.

II. If a nwnber is less than 100, then it is less than 200.

111. If a mumber is divisible by 4, then it is divisible by 2.

V. If a number has at least two digits, then it 1s greater than 3.

(9) In questions 10-15, we'll use shortcuts:
;. X will stand for 'my number".
b. The symbol < will stand for "less than".
¢. Interpret (write in full words):

"X 18 < 5" means My number is less than 5.

"X 18 < 10" means My number is less than 10.

"If X is< 5, yhen X 18 <10" means: If my number is less than

5, then my n&mber ts less than 10.

. o . ’ _ l. .
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d. Write ﬁsing.the shortcuts: My number is less thanm 30 X < 30

e. Write using the shortcuts: My number is less than 40 X < 40

f. Write using the shortcuts: If ﬁy number is less than 30, then

my number is less than 40 __ If X < 30, then X < 40,

g. Interpret (in full words):

X 18 not < 10 My number is not less than 10.

‘I8 X < 10? Is my number less than 10?

(10) Put each number Iisted:bélow in the appropriat;‘box in the matrix chart
below. As soon as you do it, cross tﬂag number off the list.
100, 45, 3?, 29, 76, 12, 30, 1, 4, 42, 26, 15, 28, 35, 94,
56, 49, 13, 3, %, 18, 6, 79, 52, 64, 19, 2, 91, 85, 22,
. 7, 33, 82,77, 14, 34, 5, 11, 21, 36, 71, 84, 46, 51, S5.

< 30 . 1. not < 30

29, 12, 1, 4; 26, 15, 28, 13, | 37, 30, 35, 33, 34, 36
3, 24, 18, 6, 19, 2, 22, 7,
< 40 " 14, 5, 11, 21,

not < 40 .
ot < 100, 45, 76, 42, 94, 56, 49,

79, 52, 64, 91, 85, 77, 82,
71, 84, 46, 51, 55
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In the chart you madé in qﬁestion (ld), is there any empty box? _ Yes

~ Can you find a number to put in the empty box? _Wo

Why? Because every number that is less than 30, is less than 40 for sure

Tom: "If X < 30, then X < 40." (Read in full words: if my number is
‘...etc.)

Ji1l: "X < 30?" (Bead: ﬁy number is ... ete.)

515 X <407 "

Tom answered: Yes, for sure,.

Why? X < 30 . and 30 < 40 therefore X < 40,

Tom: "If X < 30, then X < 40." ‘(Read in full words!)
Jack: "X< 40."
"Is X < 307"

Tom answered: Can't tell. (NEC) s

Why? Jack's number can be less than 40 and less than 30 (e.g.,

20):or it can be less than 40 but not _less than 30 (e.q., 35)

Tom: "If X < 30, then X < 40."
John: "X is not < 40."

"Is X < 307"

Tom answered: No

Why? John's number is not <40 so it can't be less than 30,

because if it was, it would be less than 40 too.




o

(15) Tom: "If X < 30, then X < 40."

~76 =
(S-41)

Jane: "X 1is not < 30."

"Is X < 407"

Tom answered: _ NEC
Why? _ Jane's mumber is not less-than 30, but it can still be

either less than 40 (e.g., 35) or not (e.g.,60).

(16) Invent some more conditional sentences about numbers and their

relations. Start each sentence as a new line. Don't forget to

begin every sentence with the right word, that is _71f .

I}-ﬂiﬁﬂa‘number 18 divis%blé'by 3, then it's not a pfimg_number.

II.

III.

If the ones digit of a number is 5, then this number is

divisible by 5.

If a number is divisible by 6, then it is even.

ete,
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Playing Cards _

Objectives: a) not (p and not-q) implies: if p, then q.
b) p+gq is equivalent to not-q + not p.
c) p+>gqand q+ p are logically independent.
Materials: A deck of cards for each teﬁm (5-6 students). Exclude
the jbkers.
8 2x2 matrices as describzd below.
Slotted boardviéér Actifitjul);“

Duration: 2-3 gessions.

. Administration:

Activity 1. Get acquainted with the cards.

a) In the slottéd board put some hearts, some &iamoﬁds,
some spades, and some clubs, each pattern in a separate
row. | *
T: What is common to all the cards in the top row? 1In
' the bottom row? At the one right under the top? At the -
one right above the bottom?

Students will learn (or recall) .the names for the different

patterns,

b) Put cards on the slotted board. As te;cher points at
a card, students ére to say: This is ten of clubs;
this is king of hearts, etc. “

c) The class will be divided into groups of 8-10 students.

Each group member chooses a number from 1 to 10. One

‘student in each group will be asked to distribute the

394

<




-8 - |
288

cards among his peers such that each student gets all the

cards with the number he chose and néthing but those .cards.

Ali the leftover cafds are kept at the centér of the tasle

face down. ‘Students' task is to describe the set of

cards they hold. (Each student has four cards of the

same number, 2 of them are black, 2 red, one card of

each paftern:_spade, club% diamond, heart). Let the

students look at each other's sets and discover what is

common--to-all sets. ”(Teaghermwill;callﬁgtuden;sVtoishpv ¢§F§§3)7;
T: Raise yourrcardAwhich showé a heart; raise your card

whicﬂ shows a diamond; etc. Show your red cards; show

your black cards. Students with 5 of spades, raise your

cards, etc.

n

Activity 2. Discovery of Conditional Sentences

Each team gets a 2x2 charfA(matrice;, Eee'suggestions page 19
below). Each team puts a deck of cards (without the jokers)
face down at the center of their table. | |

The task: You'll take turns. Each student will take
one card from the pile and put it at the right place in the
chart saying out loud, for example: "It is a heart and it
is not red, so it belongs in here." When you finish putti@g
all the cards in the chaft, you will discover something.
Write your'discovery"d?wn. | ‘
| When teams finish, the teacher asks for discoveries (e.g.,
.there is no ﬁlackrhe#rt; there is no red club; all the red
cards are either‘hea£ts or diamonds; there are 26 of each

color; etc.) Encourage rephrasing of discoveries as condi-
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‘tional sentences (by reminding the students of the numbers
chart they worked on previously). Right angwers for each
chart are listed Beloﬁ. The list is afranged in aﬁ increasing
order of difficulty. ‘

It 1s advised to have a felt or magnetic board and one
deck of cards with felt or small magnets attached to each

card for demonstration.

Charts for Activity 2 (R-red, B=black)

2x2 Matrix Discovery . Conditional Sentences

R not-R No black diamonds 1. If a card shows (>,,then
O § it is red.
’ All diamonds are red

: 2. If a card is not red, then
not- < ' ~ : it 18 not-

not-B No red spade 1. 1f a carﬁ'shows 45, then
: it's black. '

All spades are black
’ 2. If a card is not black,
then it does not show a

spade.

1>

B not-B No red club 1. If a card is diﬂb,‘then it
is black. -

4%

All clubs are black ) :
9 _ . 2. 1If a card is not black,
1 s o then it is not-(gb :

not-

306
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not- O
not-B
not-<
no t-R|
not-"i" |
not-H
V
riot- I
not-
&
not- &
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No black hearts
All heartg are red

vNo black diamonds

No red clubs

No black hearts

No red spades

307
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1. If a card 18, then it
is red.

2. If a card is not red,
then it is not- v

1. If a card is ¢ , then it
is not black.

‘2. .If a card is black, then

it is not-~ ()

1. If acard 18, then it
18 not red. .

2. If a card is red, then
it 1s not- ¢

1. If a card is &7, then
it is not black.

2. If a card 1is black,
. then it is not- N

l. If a card'is(qﬁ, then it
is not red. /

2. If a card is red, then it
is not-
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It is suggested that the teacher will teach the students how to
rephrase their discoveries by pointing to a marginal title and
following the two fields below 1it, or to its right,to see whether
any of them is empty. For example, in the first chart the shaded
area will stay empty because there are no diamonds which are not
red. If it is a diamond (point to the upper left margin), then
(pass your hand to the right) it must be red. We have no card in
here (point to the shaded area). On the other hand, if a card is
not red (point to the top right margin), then (pass your hand down)
it cannot be a diamond. However, if a card is red (point to the
top left margin), then (follow the chart down) it can be either a
diamond or not,and if it is not a diamong: it can still be either

red or not red. ",

o

R not-R L

Q

not- <)

Activity 3. Students néed paper and'pencil. Tcacher writes on the

blackboard 4 times in a row, a true conditional sentence
discovered in Activity 2, say:

IfQ, thenR | IfQ, then R | I£Q, then R | I£QD, then R

T: I'll ask you a question. You'll write your answers.
(Hold a deck of cards.  Pull out one that's'a heart.
Don't show its féce.) I have a card in here. It's a’
heart. 1Is it red? (Write: 0 under the left most

sentence.) Teams' captains, count the answers and lead

a diﬁgﬂéﬁioq;ggjﬁﬁatiybﬁfjféaﬁwﬁiii aéfeé uﬁéniméusly

on one answer. Team l: What's your answer? Team 2: etc.
(Ask for reasons!)

T: (Pull another card that's not a héart;‘preferébly a
diamond.) My card this time ié_gg; a heart, Is it red?‘
(Write under the second conditional sentence:. not~- Q);

- follow the procedure described above.)

308
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T: (Pull another card, one that's red. Could be a heart

this fime.) My card now is red. (Write under the
third,conq;tional sgngence:' R.)"is it a hé#rf? o e T
(Same procedure; encourage reasoning.)
T: (Pull another card, a black one.) Last time - mz}card,
is not red. Write not-R under the fourth conditional
sentence. Is it a heart? (Same answering procedure).
Who wanté tblpull a card? ‘Come'here, Denise. Don'tlshow
them your card. Show it to me. Oh, Denise's card is red.

Is it a heart? (NEC) Or: Denise's card is not red, is

it a heayt? (No) Or: Denise's card.is<§7; Is it red?
(Yes) Or: Denise's card is not -, is it red? - (NEC)

Repeat with other children.

Repeat this activity with ahother true ébnditional
senfence for the deck of cards. Put each question under_
the one that mafches it i; logical type. Students who
feel confident may be called to play the teacher's role

| in conducting the class.

Activity 4. Queshions 1-4 1 student's book may be used after Activity 2
or. for summary. Questions 5-8 may be worked on' another day,

after completion of Activity 3.




- 83 -
(8-42) 293

Playing Cards

1. Write T for true or F for false nt;xt to each of the following sentences.

»

a. If a card shows ¥, then it's red.

b. If a card is red, then it shows .

c. If a card is not red, then it doesn't show O .

T
F
T
F

d. If a card does not show &, then it's not red.

1

2. Write T for true or F for false next to each of the following sentences,

, a. If a card gﬁbws 43 , then it's black. ' T
b. If a card is black, then it shows CP . F
¢, If a card is not black, thgn. _ig— doesn't show CP ) T
d . If a card doesn't show Q » then it's not black. F

3. Write T for true or F fcr false next to each of the following sentences.

. a: If a card shows O » then it is not black. ' T
-b.-. If a card ;I.s not black, ,/then it shows O . F
c. If a card is black, then 1t doesn't show <> . T
d. If a card doesn't showO , then it's black. F
4. Complete the sentences.
a. If a card shows @ » then it is not-__ red , I
b. If a card is_red ,then it doesn't show ':?J o _T

'¢. If a card is not- black )then it shows <5P . F

d. If a card shows-cﬁb , then it is not black , F

The above questions should lead to an intuitive feeling of the gemeralizations:.
1. The truth of a conditional sentence does not imply the truth of its
| "flipped over" one (its converse).
2« A conditional sentence and its contrapositive are either both true or :
both false. ' ]

o . 310
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In quéstions 5~-8, read, think and answer.

5.

If a card’ shows <> » then it's not black.
ﬁarry's card shows <> .

Is Barry's card black? No

Why? Because Barry's card shows and all diamond cards are not

black.

If a card shows <> » then it's not black.

Beth's card doesn't show <> .

]
¢

Is Beth's card black? NEC

Why? Zf Beih's;card shows (= not- ) then it is black. If’it

shows (; not- ) then it is not black.

If a card shows <> s then it's not black.
Benny's card is not black. |

Does Benny's card.show <> ? NEC

Why? Cards that are not black are either hearts on diamonds, so

Benny's can show a diamond but it Aoes not have to show a diamond.

If a card shows <> y then it's not black. -

Brenda's card is black.

Does it show {) ? lo
Why? _ There is no black diamond. If it was a diamond, then it

would be “red, but it's black.

‘leasons are as important as much as right answers. Insist on getting
reasons for any question.

294
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The colored light switch box

Objectives: (1) The structure of a conditional sentence.
(2) Use symbols (shortcuts) for sentences.
(3) Apply MP, AC, DA, AC and investigate their syntax;

Materials: The apparatus (six for eachAclassroom).

Green B Yellow Red
o O O o O O o O
1 2 3 4 5 6 7 8

The switch box consists of 8 switches and 3 colored bulbs. When
someone operates it, he should remember to turn off any switch"

before turning on another one. (The ones with push-button switches

are turned off automatically when you 1lift your hand.)

Duration of activity:  4-5 sessions.

Conducting the activities:

Aéqivity 1l: Get acquainted with the switchbox -(free play 10 min.)

Teacher will show the box; will push one or two switches to demon-

strate how it is operated; will call one or'twocstudenés to try and

push switches; (will explain that these are expensive boxes and should
be handled with care) and will give each groyp, of 5-7 students,a box.
” Students will play freely with the box. gggh.student should-be
given a chance to touch agd operate the box. (They may open it and
look inside, they may push two or more switches at the same tiﬁe—-_
anything they want provided that it is done with care. THE BOXYIS

BREAKABLE.)

3i2 :




- 86 .- :
296

Activity 2: Get acquainted with the box(directed investig¥;ion 20-25 min. )

While the students are playing, as described above, the teacher will
copy the following questions on the blackboard and distribute paper
sheets for the students to write their answers.

Qgestions:

1. How many switches turn on the red light? Which ones do?

2. How many switches turn on the green light? Which opas?

3, How many.switches turn on the yellow light? Which ones?

4., How many éwitches do not turn on the red light? Which ones?

5. How.many switches do not turn on the green 1light? Which ones?

6. How many switches do not turn on the yellow 1light? ‘' Which ones?

7. How many switches turn on both green and yellow lights? Which onesé
8. How many switches turn on both green and red lights? Which ones do?
9. How many switches turm on boéh red and yellow lights? Which ones do?
10. Make a table. Put a plus sign (+) for each switch under each color

that switch turns on. Put a minus sign (-) under each cqlorrthat

switch doesn't turn on. Can you find a pattern?

1

Answers

Y . G R 3 Y G R

Switch 1 + (" - Switch 1 + - -
Switch 2 // ’ . Switch 2 + - +
3 | o 3+ + -

4 T 4+ + +

5 5 - - -

6 6 - - +

£
7 7 - + -
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Note: The purpose these questions serve is twofold: to release the tension
and curiosity the box may raise on one hand, and to make children sgee

~ the truth of a sentence 1like: "Switch #4 turns on the red light,"
where in fact this switch turns on the green light and the yellow
light, too. 1In other words, it leads to the distinction betwecn the
"sentence: '"Switch #6 turns on only the red 1light," which is a false
sentence, and "Switch #6 turns on the red light," which is a true
sentence.

Activity 3: Generate some conditional gentences and test truth of

others (30-35 min.)
Each team will have a.sﬁitch box. Teacher neéds one, too. Teacher
will operate the switch box in front of the claés. |
T: (fush switch #1.) You see: If I push switch #1, then the yellow
-light comes on. Cheék your boxes. Seé if that's true. (Children
verify,) Alfight. So we have Q true statement (erte it 4n full
words on the blackboard): If switch #1 ig pushed, then the yellow
‘,light comes on. What kind of a sentence is it ? .
S: This i1s a conditional sentence. It-starts with "If."
T: Here is another conditional sentence. (Write it on the black-
' board,,under the first one, in full words. Asgk é child to read
it and verify its truth.): If switch #2 ig pushed, then the
yellow light is on. |
Note: There will probably be some children who will say: "bﬁt the red
» light 1is cn too." That's fine. We can have many true sentences
about one switch. The main thing is that the teacher's gentence
is one of the many possible true ones. Another one will be:
"If switch #2 1s pushed, then the yellow and red lights are on";

"If switch #2 is pushed, then the green light is not on'"; "If
"Switch #2 1s pushed, then the red light comes on."

T: Who can come up with & conditional sentence about switch #3?

S: (Answers will vary. Teacher will lis§ the sentences one under
the other. : Gradually ask for shorﬁcuts--first for the colors.
G.L.Q. will stand for: '"the green 1light is on"; R.L. not-o will

stand for: ''red Iight is not on," eﬁc. Later on: S1 will stand

o | o 3i4




- 88 -

for "switch #1 is pushed." So "If Sy, then R.L.0." will be a

shortcut for "If switch #8 is pushed, then the red 1light is wa."

The following is a sample of true conditional sentences about the box.

1. If switch #1 is pushed,’ then the'yellow light is on. -
. 2. If switch #1 1s pushed, then the green light is not on.
3. If switch #2 is pushed, then Y.L.0. '
4. If switch #2 1s pushed, then G.L. not-0.
5. If S,, then‘R.L.O. '
6. 1If S3» then G.L.O. .
7. 1If S, then R.L. not-0.
8. 1If 5}, then R.L.O. ,
9. S4 +  G.L.O.
10. Ss-> not Y.L.O.
etc.

Activity 4: Logical puzzles

" to

P . . R
(Teacher will organize the blackboard in a way similar to the students''’

Pick a true conditional sentence about the switch box. Say:
SB -+ R.L.O.
Teacher only holds a switch box. Students need paper. Ask them

fold the paper in 4 parts, then 8 parté to get this form:

papers.)

T:

I'11l ask you 4 duestions about this conditional sentence,

Sg > R. Let's write it 4 times, once in each of the &4 upper
squares. Copy the question as I write it using shortcuts, and

answver it.

Question 1. (Cover the lights only, push.switch #8.)

say

I pushed SWitch #8.....-................’.-..S

Did

Write on the blackboard
Sg * .R.L..O.‘

8
the red light come ON? 4evetinneennensassR.L.0.7

(Right answer: Yes)

315
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. Question 2, (Cover lights and switches. Push switch #6 or any

other switch that turns on the red, but not switch #8.)

Say . ‘ 'n ; ' Write on the blackboard
A Sgq R.L70.‘

‘I pushed a switch. It's ‘ |
not switch #8;.................f.............not SB

Is the red 1ight on? seeeeeeessnnsssnssnssessRaL,0.7

(Rigﬁt answef: NEC. During the'disqussion, show that some sﬁitches
do and some don't turn on the red light, by pushing alifgwitéhes ane

at a time.)

Quéstioh 3. (Cover lights and switches. Push switch #6 or any .

other switch that turns on the red light, e.g., 2, 4)

Say , ' . , .Write~bn the blackboard

58‘ R

- T pushed a switch. The red

light came on. (Show dnly

th% red light now);:.......9;...........,...R

.Did I push gwitch #8?............-....a.....gg?_—__

(Right answer: NEC. Discuss: It could be switch #8, but it does
not have to be’switﬁh 8. q?ny other switches turn on the'red ligﬁt.

Show it by pushing switches 2, 4, 6.)

Question 4. (Cover switches and lights. Push switch #1 or Any

other switch which does not turn on the red light, e.g., 3, 5, 7.)

Say : Write on the blackboard
‘ . . .

I pﬁshed a switch, The red

‘light did not come on. (Show

the I'Ed bulb only:)......‘..O.....J.‘.......”..not R‘

316
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"~ Say : T Write on the Blackboard

.Did I push switch #87. « « . . . . e+« . 8g2
(Right answer: No, because switch #8 turns on the red light, but the

red light isn't on.)

Repeat ‘the same thing again and again with different conditonal
sentences, Make 4 questions for each conditonal sentence. Agter
2 or 3 sets of 4 questions, make sure to write them in the same orde;;

" Ask the students td,study them and to find similari;iés and differences
among questions in one row (same conditional sentence) and among sentences
in the.samg.column (same logical type).' Sdme.bright students may bg
askedinow.to try and'invent,.in asimilar'wgy, a set of 4 questions

for a conditional sentence they choose.

Activity 5: Paper-pencil individual work with‘g.s&itch box on each

team table.
This work can be divided into three separate parts:
I. .Questions 1-10
II. Questions 11-20.
III. Questions 21-25
Part I can be solved after Activity 3; Part II, after Activify 4,

Part III: 1t is suggested that this part will be solved by the

more successful students only.
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The Colored Light Switch Box

: The switch béard consists of 8 switches aﬁd 3 colored bulbs. When
you operate it remémber to turn off any switch before turning on another
one. | -

(1) Experiment:
In each line write just one color that mékés the sentence true.

Example: if I push switch #4, then the red ligh; is on.

Your turn:

(1):_ If I push switch #1, then ‘the yellow light is on.

(11): If I push switch #2, then the red light is on.
(zx2): If I push switch #3, then the green ‘1ight 1is on.
(2) (2): Nancy wrote: If I push switch #4, then the yellow light

is on. Was Nancy right?  yes -

(21): Complete the following sehtence with one color to make
{ it a true sentence, different théncNancy's sentence
above: If I push éwitch #4, then the green light

is on.

3) Vrite 3 different colors to complete the following sentences so as

to make each of them true (one color in each sentence):

(1): If I push switch {8, then the green - light is on.
(11): If I push switch #8, then the red __ light is on.
(1z1): If I pusﬁ switch #8, then the yellow light is not on.

(4) let's write: S, as.a shortcut for "Switch #1 is pushed";

S, as a shortcut for "Switch #2 is pushed."

o | 318
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Complete: |
' (1) We'll write S4 as a shortcut for "switch #4 1s pushed."
(11) We'll write S as a shortcut'éar "switch #6 is pushed.ﬁ_

(111) We'll write S, as a shortcut. for switch 7 is pushed

7
(1v) We'll write S, as a shortcut for switch 5 is pushed

(5) Experiment: Find at least three switches that turn the gréen

light on, and use the shortcuts to write that they do 1it:

#7 #8

#3 , #4

(6)  Let's use G.L.0. as a secret code for "The green light is on."

(a) Choose a secret code for "The red light is on." R.L.0.

(b) Choose a secret code for "The yellow light is on." Y.L.O.

(c) Intefpret the following sentence into a full word sentence:

If S » then R.L.O.

2
If __ switch #2 is pushed, then the red light is on.

(7) Read, think, and answer. (Worklslowly and carefully.)

Clues: (a) If S, then R.L.0. (Read: If switch #2 is pushed,'qhen

the red light is on.)

(b) Sy (Read: .Switch #2 is pushed.)

Question: Is the red light on? yes

Why? ‘Because switch #2 was pushed, ard (a) says that in this case

the red light must come on.

(8) Read, think, and answer. (Slowly and carefully.)

Clues: (a) If Sg» then R.L.0. (In full words: If svitch 8 is

pushed, then the red light is on.

3.9
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b) Sg ’ (In full words: Switch 8 was pushed

)

- Question: Is the red light on? _Yes

9

(10)

(11)

Why? Similar to question 7.

Read, think, and answer.

Clues: (a) = If Sé, then R.L.0. (Read: If switch #8 is pushed, then

j " the red light is on.)

(b) R.L.O. (Read: the red light is on.)
Question: Wae switch #8 pushed? NEC . N
VJh\{z Other switches turn the red light on, too. Switeh also

does but it is not the only one.

Read, think, and answer.

Clues: (a) 1If 85, then Y.L.0. (In full words: If switeh 5 is

pushed, then the yellow light is on. - )

(b) E/J_.O. ( The yellos light is on. . | )

Question: Was switch #5 pushed? JNEC

\d;\32 The yellow light may be turned on by some other switches,

too. There is no way to tell whether #5 was or was not pushed.

Sentences which start with the wqr& "If" are called 'conditional
sentences, " because they always tell us something about conditions.
You hear and use conditional sentences many times, every day.

Invent two conditional sentences (be imaginative!).

If _(Answers will vary, Reinforce ones that make ceuse

and ever more so - ones for which the converse does not

1f make sense.)

303
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(12) There is another word besides "If" which usually appears in condi-
* tional sentences.

Have you discovered it? Write it here: then

Notice: The word "If" always appears in any conditional sentence,

the word "then" is sometimes omitted.

In questions (13), (14) read both clues out loud (in full English) and
answer the question.
We'll use: "G.L.0.?" as a shortcut for "Is the green light on?"

We'll use: 'S " as a shortcut for: "Is switch #1 pushed?"

1

(13) Read (in full words), think, and answer.
Clues: ({a) If S1» then Y,
(b) 51 .

Question:  Y.L,0. _Yes

because . (Similar to 7.)

(14) Read (in full words), think, and answer.
Clues: (a) 1If Slg then Y
®) Y.L.O.

Question: §S;? _NEC

Explain why (Similar to 9.)

(15) (1) Puzzle 13 is somehow similar to two puzzles you have done before

in this paper. Go back and try to find which ones. 7, 8

(1) Puzzle 14 also may remind you of two puzzles you have already

worked out in this paper. Which ones? 9, 10

Note: The right answers to I and II are different! Check your answers
again.
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(16) We'll write not S;_as a shortcut for: Switch #1 was not pqshed. _

() We'll write nOt‘SZ as a shortgut for: "Switch #2 was not
pushéd." | |
(21) We'll write not S? as a shortcut for: "Switcﬁ #1 was not
pushed."
(z11)  We'll write not S5 as a shortcut for: "Switch #5 was not
puched."

an

as)

©

Complete:

How would you shorten the following? -

(1v) We'll write not:-S1 as a shortcut for " Switeh 1 was not pushed.

305

(v) We'll write not-S; as a shortcut for " Switch 4 was not pushed.

We have been using G.L.0. as a shortcut for "the green light is on."

Invent a shortcut for the opposite sentence: ''the green light is not

on. v . not-G.L.0.

What would you write for: 'The yellow light is mot on?" Not Y.L.O.

Interpret (write in full words) the senténce:

If not-Y.L.0., then not Sl.

I the yellow light is not on, then switeh 1 was not pushed.

- Is it a true sentence? Yes

Why? Because switch 1 always turnsg on the yellow light.




(19)

(2v)

(21)

- 96V-
(S-49)

306 -
In questions (19), (20) read both clues out loud‘(in full English)
and see if you can draw any conclusion. If there is no conclusion

that can be drawn, write that fact down and explain why.

Read (in full words), think, and answer.

Clues: (a) 1If S,, then Y.L.O.

1’

(b) 'Not-Sl

Question: 'Y.L.0.? NEC

Why? The yellow light could be turmed on by another switch.

Read (in full words), think, and answer.

Clues: (a) If S,» then Y.L.O,

(b) NOt-Y.L.O.

uestion: S.°? No Why? Because switeh 1 always
1

turns on the yellow light.

In questions {21)-(24) we'll help you to invent some questions,
Answer every question you invent.
Invent a question which looks very much like question (7) but

starts as follows:

Clues: (a) If switch #8 is pushed,ithen the red light is on,

(b) Switeh #8 was pushed.

Question:  Did the red light come on?

Answer: Yes Why? That's what (a) says.
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(22) Invent clue (b) to get a question which looks very like question (9)
but starts as follows:
Clues: (a) If switch #8 is pushed, then the red .light is on.

(b) The red light is on.

Question: Was switch 8 pushed.

Answer: NEC . Why?  Red light is turned on

not only by switch 8.

(23) Invent clue (b) and a queétion which looks very much like question
(19) but starts as follows:

Clues: (a) If switch #8 is pushed, then the red light is on.

(b) . Switeh 8 was not pushed.

Question:  Is the red light on?

Answer: NEC Why? There are other switches

that may have turmed on the red light.

(24) Invent clue (b) and a question which looks very much like question
(20) but starts as follows:
Clues: (a) 1If switch #8 is pushed, then the red light is on.

(b) The red light is not on.

Question: Was switch 8 pushed?

Answel : No ~ Why? Because 1f it was

__pushed, then the red light would light.
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(25) Invent another set of 4 questlons like questlons (21) (24) startlng
with any conditional: sentence you chOOSe.

(I) Clues: (a) If;§44§hen G.L.0,

(b) 7 S4 . ¢

Question: G.L.0?

Answer:

Why? Similar to 21.

(IT) Clues: (a) S, » G.L.0
(b) G.L.0
Question: 547
Atiswer: NEC Why? . Stmilar to 22.
(III) Clues: (a) Sq4 + G.L.O
(b) not Sy
Question: G.L.0.?
Ansver: NEC | Why? - Similar to 23.
(IV) Clues: (a) S¢4 » G.L.O
(b) not-G.L.0.
Question: 547

Answer:

No : Why? Similar to 24.
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Prepare a Quiz

Objective: To increaée avareness of‘the syntacticﬁl differences among
ﬁP, MT, AC, and DA.
Method: This will be done in two steps:

(I) The general form of a conditional sentence. (See below.)

(II) Construction of 4 puzzles from one conditional sentence and’
preparation of pupil's made electric cards. | . -
Materials: List of sentences. Materials for eleétric c&f&é (Qires, card-

board, stickers). |
Duration: 4-5 sessions.

Procedure for Step (I): Activity 1: Coding-Decoding Game

The teacher will first discuss the étructure of a conditional
sentence. The notion of a conditional sentence is by now familiar
to the students, and so the discussion may take a form of the

;
following kind:

~.
.

Teacher: We have been doing ibts of work with condifional sentences
lately. Can any of you remind us of some of the conditional
* sentences you had? (Teacher will write students' suggestions.
on the blackboard, one under the other.)
Student 1: 1If a card is <> , then it is R.

Student 2: If a number is > 150, them it is.> 100.

Student 3: If Ryan is out, then his mother is out.

Student 4: If it is raining, then Carol wears her boots.

.Student 5; If S¢» then G.

3.6
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T: Here are some sentences. (Poqt a list. . See a.sample on page 103.)
Now here is my conditional sentence gwrite on the blackboard and.
say:) "If (a), then (e)." | ‘

" Can you decode 1it? . ' .

S: If it is'dark, then it is scary: !

T: If (g), then not (a). (Write it down under all" the others.)

S: if the sun is up in the skies, then. it is ﬂot dark.

T: Do any of you want to try to invent a. conditional sentence?

Sy: If (P), then (s).

T; ﬁho knows what this sentence says?

If it it snowing, then Fred drives slowly.

_I: Very good. Anybody else want to invent a conditional sentence
out of these?

. Students will suggest their sentences, and write them 6ne*Under the other.

\(Student may suggest conditional sentences includiqg negations, e.g.: ,

&f (a), then not (f), which means: If it is dark, then Fred does not
;%ad=a.book. Students may also suggest ridiculous sentencés like "If (m),
téen (g)...) When there are eﬂough examples on the blackbogrd Xor when
students afe getting tired of the coding-decoding game), teacher wiil lead

to the generalization . Here is one of many possible ways:

¥

—t
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o

common to all of them?

-

They all start with If (Teacher underlines all the "Ifs" on the

blackboard.)

!

.

311

'Thét will be enough. Thank you. Now, &11 these are conditional

sentences. (write these words on top). . Can you fin@ anything that's

.

They all are divided into two parts by a comma. (Teacher c¢ircles

-

the commas.)

el

They all have the word "then", kind of in the middle (Teacher

will underline all the "thensﬁ.)

I want to invent a new conditional sentence. With what word

shall I start?
With the word: 1If.

(Write wunder the examples on the blackboard: If.) O}K., I
have:If something (put dots...right after the word "If" all the
way up to the commas in the above examples.) Now what?
Now, put a comma, write "then" and say something else.

. , . - .
Alright, here we are: If..., then.... This is the form of

any conditional senternce.

Students will be asked to write down (copy from the blackboard) in

their notebooks the following:
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Conditional Sentences 3

Examples:
1. If a number is 150, then it is 100.
2., If Ryan is out, then his mother is out.

3. If S¢» _ then G. .

In general:

If ®o 0000000000000y then o‘..oo.oooooooooooo"

Activity 2: Worksheets

T: Let's erk on questions (1)-(3) in your book.

I3l
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A Sample of Sentences for Gonstruction gg;Conditional Senteﬁcesv
‘. (To be posted in front éf‘the class)
a) It is dark. ) . o g
vb) .Fred wears his shoés. |
c) His feet will hurt..-
d) He goes out. . !
o~ - e) It is scary.
f) Fred reads a book.
g) The sun isvﬁé in the skies.
h) It is raining. Co.
.i) " He feéls good.
J) It is vacation time.
k) He works hard.
i) The streets are slippefy.
m) Ffed wears His coat.
n) He sleeps late.:
o) He‘néeds éome quiet around.
pP) It is snowing.
bﬁ) He takés.a shower.
r) It is hot. ’ ,
s) Fred drives slowly.

t) Fred is tired.

830
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Procedure for Step (IT) E K
Activity 3: Electric Cards ;

Students will Be asked to ans&er four questions (M?, MT, AC, and
DA items) based upon}one conditibnal sentence. They will get electric
card; in sets of four cards with the same conditionﬁl sentence on all
four of them. After answering them they will be called upon to study .
the four questibns to find differences and commonalities among them.
Activity 4: Coding-Decoding Game

UsZag the above sampie'of seﬁtenées (Activity 2), the"tgaqhgylwill
write four qdéstions on the blackboard using shortéuts (one t; be
answered at a time, needless to say). |
For example: _‘-
If (§), then (1')> If (§), then (1) | If (§), then (i) If (j), then (1)
(3) not (3) (1) - not (1)
1)? : (1)? N B & D : - (3)?

Children will decode and answer each question.

The next four questions will be written down under these, each one under

" the one having the same logical type.

Affer a few examples,a stu¢eﬁt will be called upon to invent a puzzle
based:on a cdndifioﬁgl sentence (using the 1list). The teacher will
agsk him to put it on the blackboafd in,the proper column. ‘After one
student's puzzle is answered, the class will be challenged to invent
another puzzle with the same conditional sentence. (Each puzzle
will be answered right after its invention, but it is hot recommended

to put the answers on the blackboard for this may push too fast toward

331
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the aigorithm which may ;hen lead to automafical work that is bdring on
one hand, and does not involve logical ;hinking on the other hand.)

Students will be happy to lead the class for their coded puzzle,

- Note: Each student is expected to discover the four possible relations

between the conditional sentence (first clue) and the second clue
- which is either the antecedent or the consequent or any

of their negations. They are not expected, however, to be

able to express this discovery verbally., Their discovery

will be expressed by their ability to comstruct all four

kinds for a particular conditional sentence. The above activity

can also be conducted as a group activity where students take

turns presenting their coded puzzle,

Activity 5: Prepare a Quiz - Team Contest (4~5 students in each team)

lst Game
Each team member will invent and write four puzzles; possibly, but
not necessarily, built up of one conditional sentence. (Note: Some

stﬁdents will need help in inventing a conditional sentence.) Each team

member will write the answers to his puzzles in parenthéses under the puzzle.

Team's captain will then collect the puzzles, let the\teacher éheck the
answers, and exchange seats with the ﬁther team's captain. He will now
read his team's puzzles to the competing team, which will discuss them
and arrive at an answer, TheAteaq ﬁill score one pbint for any right -
éﬁswer. The team with the higher total score is the winner.
2nd Game

The teacher will announce an answer for which students will prepare
puzzles. E.g., prepare only puzzles for which the right answer is: nof
enough clues (or: either yes or no, or: no, or: yes). FEach team
member invents and writes three puzzles. The teams Fxchange puzzles.

Th;'task now is to check the puzzles and to find those for which the

332
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- answer is not the one announced by the ﬁeacher. The team's captain
reads the other team's puzzles to his team members. Right answer will be
discussed and the team will score a point for any puzzlé they find for

- o "which the right answer is not the answer announced by the teacher; The

captain will separate out those puzzles and will ask‘teacher's approval
of the fact that the answer differs from the preassigned one. The team
with the higher total score is the winner.

Note: This-game will lead some students to discover that denying the
antecedent and affirming the consequent always lead to the answer:
not enough clues. It is doubted that they will be able to express
it but their consistent behavior will indicate it.

Preparation for Activity 5 1is given in the Electric Cards contest

activity and in the Switch Board activity.

. Activity 6: Prepare Electric Cards Project N

Each child will follow the directions in question 4 of the worksheet.
Step I can be taken right after Activity 2. Step II ~ Teacher should
direct the students td choose a conditional sentence that makes sense
and that 1s irreversible, namely it's"flipped over'sentence éoes gggv

make sense. (p > q makes sense but q > p does not.)

Step III - Right after Activity 4.

Step IV and on - Final Project.

o | 333
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Prepare a Quiz

Here are two,senténces:

(a) This is a chicken.

(b) It has two legs.

Interpret (in full wofds)_thq sentence:

If (a), then (b). ,
If this 1is a chicken, then it has two iegs.

For the following conditional sentence fill the blanks:

If Epe has'a headache, then she takes an aépirin.
— ) " —~— J
c d

(c) is: She has a headdche.'

(d) ig: She takes an asprin.

Interpret (in full words) the sentence:

If (d), then (c). .

If she takes an asprin, then she has a headache. (This sentence

does not follow from the previous one!)

Invent a sentence (f) and write it down in the blank:
(e) This is Ronald.
(£) (answers will vary, e.g.:) Mary'll be happy.

\
N
Interpret (in full words) the following sentence:

S

If (e), then (f).

If this is Ronald, then Mary will be happy.

334
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(4) Project: Prepare your own electric cards by following the directions

below:

Step I. Invent a conditional sentence of your own. (Remember to start

with the right>ﬁord.)

(Answers will vary.) If he does not pass the driving test, then

he will not buy a car.

Call (g) the part which comes right after the word "If" of your sentence.

(g) reads He does not pass the driving test.

Call (h) the second part of your sentence. This part-comes right after

the word "then."

(h) reads He will not buy a car.

"~ Write your conditional sentence in symbols:

A

If g, then h. (or: g ~» h)

Step II. Have your sentence checked by your teacher. Change it if
necessary. (See teacher's manual for how to check.)
Step III., Construct four different puzzles from the sentence you

invented in. (4) by interpreting (in full words) the symbols below.

Puzzle 1 Answers will vary.

clue a: ‘g +h If he does not pass the driving test, then he

will not buy a car.

- clue b: g He did not «(*) pass the driving test.
Question: Will he buy a car? -
Answer: No.
Puzzle 2

clue a: g > h If he does not pass the driving test, then he

will not buy a ear,

clue b: not-g He passed (*) the driving test. | '

Question: Will he buy a car?

Answer : " NEC (He may be unable to afford it.)

(*) Some changes in tenses may be necessary!
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Puzzle 3 L ' /“

Clue a: g~ h _{fAhe does not pass the driving test, then he will

not buy a car.

clue b: h " He does not (*) buy’a car.
Question: Did he pass the driving test?
Answer: ’ NEC

Puzzle 4

Clue a: g > h _If he does not pass the driving test, then he will

not buy a car.

clue b: not-h He bought (*) a car.

Question: _Did he (*) pass the driving test.

Answer: Yes. (Otherwise he wouldn't buy a car!)

(*) Some grammatical modifications may be needed.

Step ;V. Have your puzzles checked by yéur feacher. Change them if
necessary, (Check tenses of verbs so. that puzéles sound‘right.)‘
Step V. Get 4 stickers and copy each puzzle on leticker.

Step VI, Get a cardboard and divide it into two>equa1 parts‘using a

pencil like this:

And fold it over like this:

Step VII. Peel a puzzle sticker

and paste it on top.

336 |
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- Step XIII. Staple your card like this: - - -

- 110 -
.. (5-55)

Step VIII. Repeat stépé;VI, VII, to get four cards.
Step IX. Get answer stickers and put them one next to the other

on eachlcard like this:

¥ B

Step X. Get 4 paper fasteners for each card (16 altogether) and

put them into the cards like this:

Eﬂ Ejv NEG|

Make sure the fasteners don't touch each other at the back.

Step XI. Get a wire and wire the bottom fastener to the fastener
which bglongs.tobthe riéht answer,

Make sure you do ip right;

Make sure the wire does not touch other fasteners.
Step XII. Test your cards with the electric tester. Make sure the

bulb lights on the right answer.

Step XIV, Write your name on the back.

Sten XV. Challenge a friend with your cards.

337
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APPENDIX 7.2

FINAL VERSION OF THE TEST

Notice: The upper half of each page belongs to version T, and the
bottom half belongs to version T', Please refer to table 3.4

(page 108) for item's logical form and negation mode.
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‘Today's date School

~1- .
Version T (green)

/

Students name

(Last)

(First)
Birth-date ' Age Boy or girl?
(Month) (Year) .
Grade Teacher's name
Today's date School

A -2~
Version T' . (yellow)

Student's name

(First)

Birth-date Age

R (Month) (Year)

Grade Teacher's name

(Last)

Boy or girl?
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(This page was read to the class before handing out the puzzle-book). 323
We are going to have a team-contest, in puzzle solviﬂg. Each s;udént will >
work on his own puzzle book, The points each member gets will sum up to

the team's score. We'll have a yellow team and a green team (show a sample
puzzle book of each), : \ :

- You will get one point for each correct answer -
: \
- You will lose one point for each wrong answer - |
Therefore, each time you try a puzzle, try hard to choose the right answer
-so -that you and your team will earn a point. But,if you are really not
sure, leave the puzzle unanswered, so that your team will not lose a point.
Just go to the next puzzle. If you put a sign like * next to a puzzle you
skip, then you can come back to it when you finish. ‘

If you find a word that ybu do not know, raise your hand, and I will explain
that word to you. THIS IS NOT A TEST OF YOUR READING, so ask about any word
you are not sure of. '

These puzzles are just for your fun, and you may take all the time you want on
them. There is NO TIME LIMIT. The competition is only on the number of
right answers you get. So, work carefully and help your team win.

When you finish, check your answers again, then you may draw some pictures
or design on the back of any page (show where), but PLEASE, REMAIN SEATED
and QUITE until I collect the papers. As you get your puzzle book, please
fill in the blanks on the front page. (Distribute puzzle books.)

Tt - 2 -

We are going to have a team-contest, in puzzle solving. Each student will
work on his own puzzle book. The points each member gets will sum up to

the team's score. We'll have a yellow team and a green team (show a sample
puzzle book of each). :

LI

- You will get one point for each correct answer -

- You will lose one point for each wrong answer -

Therefore, each time you try a puzzle, try hard to choose the right answer
so that you and your team will earn a point. But if you are really not
sure, leave the puzzle unanswered, so that your team will not lose a point.
Just go to the next puzzle. If you put a sign like * next to a puzzle you
skip, then you can come back to it when you finish. ‘

If you find a word that you do not know, raise your hand, and I will explain

that word to you. THIS IS NOT A TEST OF YOUR READING, so ask about any word
you are not sure of. '

These puzzles are just for your fun, and you may take all the time you want on
them. There is NO TIME LIMIT. The competition is conly on the number of -
right answers you get. So, work carefully and help your team win.

When you finish, check your answers again, then you may draw some pictures
or design on the back of any page (show where), but PLEASE, REMAIN SEATLD
and- QUIET until I college the papers. As you get your puzzle book please
fill in the blanks on the front page. (Distribute puzzle books.)

3
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(Please, f%llow my reading.)

The Puzzles
In each puzzle we give you two clues, then we ask a question. For each
question there are three possible answers: ( ) Yes, ( ) No, () Not Enough
Clues. Decide which is the right answer for each puzzle, and indicate this
by marking x in the parentheses to the left of that answer.

In some puzzles we did not give you enough clues to reach a yes or a no
answer. So, if you think there are not enough clues in a given puzzle,
be sure to put your X next to the answer - Not enough clues. In some
puzzles, of course, there are enough clues to reach a yes or a no answer..
In such cases, be sure to mark your x next to yes or no.

Remember: In each case MARK ONLY ONE ANSWER

Let's do two examples together:

4

T - 3 -
(Please, follow my reading)
The Puzzles
In each puzzle we give you two clues, then we ask a question, For each
question there are three possible answers: () Yes, ( ) No, ( ) Not Enough
Clues. Decide which is the right answer for each puzzle, and indicate this

by marking X in the parentheses to the left of that answer.

In some puzzlés we did not give you enough clues to reach a yes or a no
answer. So, if you think there are not enough clues in a given puzzle,

"be sure to put your X next to the answer - Not enough clues, In some

puzzles, of course, there are enough clues to reach a yes or a no answer,
In such cases, be sure to mark your x next to yes or no.

Remember: 1In each case MARK ONLY ONE ANSWER

Let's do two examples together:
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Example.l. Clues: (a) If it rains tomorrow, then it will be cloudy
tomorrow.
(b) It will not be cloudy tomorréw.

~ Question:  Will it rain tomorrow? .

:ti . (). Yes ' () No ( ) Not enough clues

-The answer is: No., It will certainly not rain tomorrow, because if

it does, then, according to the first clue, it will be cloudy. But the
second clue says it will not be cloudy. So, No is the right answer.

Mark x in the parentheses to the left of that answer.

T - 4 -

EXémple'l Clues: (a) If it rains tomorrow, then it will be cloudy
tomorrow,

(b) It will not be cloudy tomorrow.

%

Question: Will it rain tomorrow?

() Yes () No ) ( ) Not enough clues

The answer is: No. It will certainly not rain tomorrow, because if
it does, then, according to the first clue, it will be cloudy. But the
second clue says it will not be cloudy. So, No is -the right answer,

Mark x in the parentheses to the left of that answer.

342
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Example 2. Clues: . (a) If it rains tomorrow, then it will be CIoudy\\;
tomorrow. ..
-(b) It will not rain tomorrow.

Question: Will it be cloudy tomorrow?

{) Yes () No - _'( ) Not enough clues

The right aﬁswé?;is:‘ Nat”endugh clues. The first clue says nbthing
about what will happen if it does Qgg_rain. It may be cloudy tomorrow
even though it does not rain, or it may be not cloudy and not raiﬁing;
There are not enough clues to definitély decide whether the answer is yes

or no. Mark this answer.

Do you have any questions before we begin?

Now,vturn the ﬁage and do your best.

T' -5 -

Example 2,  Clues: (a) If it rains tomorrow, then it will be cloudy
tomorrow,
() It will not rain tomorrow.

Question: Will it be cloudy tomorrow?

() Yes ° () No ‘ ( ) Not enough clues

The right answer is: Not enough clues. The first clue says nothing
about what will happen,if~it,does not rain, It'méy be cloudy tomorrow
even though it does not rain, or it may be not cloudy and not raining.

There are not enough clues to definitely decide whether the answer is yes

or ro. Mark this answer,

Do you have any'questions'before we begin?

~Now, turn the page and do your best.
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1.

1,

Clues: (a)

(b)

Question:

() Yes

Clues:. (a)

()

Question:

{ ) Yes

327

| .

o

If Mary is seven,-then she is too young for that

summer camp,

Mary is seven,
Is she too young for that summer camp?

() No () Not enough clues

Tl
If the wind blows from the west, then the clouds -
will go away,

The wihd blowé from the west.

Will the clouds‘gofaway?

() No - ( ) Not enough clues
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2. Clues: (a) If there is a policeman at the'corner,'then_Don
waits on the sidewalk.

(b) Don waits on the sidewalk

Question: Is there a policeman at the corner?

() Yes - ' () No o 0) Not énough clués

T

2, Clues: (a) If the aquarium is dirty, then the goldfish will

(b) The goi&fish'has died,

Question: Was the aquarium dirty?

3

() Yes () No- ( ) Not enough clues
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3. Clues: (a) If the‘weather is not warm, then Cindy does not
go swimming.
{(b) The weather is not warm,

Question: Is Cindy going to swim?

{ ) Yes ( ) No - _ ( ) Not enough clues

T!
3. Clues: (a) If it is not a children's show, then Ronald does
not watéh it,
(b) This is not a children's show.

Question: Does Ronald watch jt?

\ , () Yes () N§ ' ( ) Not enough clues
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4, Clues: (a)
(b)
Question:

{ ) Yes

4. Clues: (a)
(b)
Question:

{) Yes .

If Terry has a fever, then he will not go to
school tomorrow,
Terry will not go to school tomorrow.

Does Terry have a fever?

() No ( ) Not enough clues

Tl

If someone plays too much football, then he does

pot do enough homework.

Steve does not do enough -homework.
Does Steve play too much football?

() No ( ) Not enough clues

347




Question:  Is Sue's desk cleaned up?

() Yes (_) No . ( ) Not enough clues

Tl

5. Clues: (a) If the wind does not change, then our sailboat
williapproach the dock.

(b) Our sailboat does not approach the dock.

Question: Did the wind change?

o

() Yes » () No ( ) Not enough clues

3

3148
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T
5. Clues: (a) if Sue's -desk is not cieaned up, then she has to : '
‘ . stay after school.
' (b) Sue does not have to stay after school. '




6.

Clues: - (a)

(b)

Question:

() Yes

Clues: (a)

(b)

Question:

{ ) Yes

332

If the dog out there has black spots, then it is
not my dog.
The dog out there does not have black spots.

Is it my dog?

{ ) No . { ) Not enough clues

T?

If a student takes Spanish, then he does not take
French,

Je£f does not take Spanish,
Does he take French.

-

() No { ) Not enough clues
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7. Clues: (a) If someone plays too much football, then he does
not do enough homework.
(b) Steve does not do enough homework.

7

Question: Does Steve play too much football?

{ ) Yes () No ( ) Not enough clues

T'

7. Clues (a) If Terry has a fever, then he will not go to

i

school tomorrow.

(b) Terry will not go to school tomorrow.

Question: Does Terry have a fever?

() Yes () No “ () Not enough clues




8. Clues: (a) If it is a holiday, then the library is not open.

(b) The library is open.
Question: Is it a holiday?

() Yes {) No .( ) Not enough clues

8. Clues: (a) 'If the coat is black, then it is not Jill's,

(b) This is Jill's coat.‘
Question: Is it black?

() Yes () No (') Not enough clues

351

334




335

9. Clues: (a) If-the wind does not' change, then our sailbbat
will approach the dock.

(b) Our sailboat does not approach the dock.

Questioﬁ} Did the wind change?

() Yes () No ( ) Not enough clues

Tl

9. Clues: (a) If Sue's desk is not cleaned up, then she has to

stay after school,

(b) Sue does not have to stay after school,

Question: Is Sue's desk cleaned up?

{) Yes | () No ( ) Not enough clues
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. A 10, Clues: (a) If father fills up his car with gas, then he
o cleans the windshield.
} (b) Father does not fill up his car with gas.

~ Question: Is he cleaning the windshield?

() Yes () No ( ) Not enough clues

Tl

10. Clues: (a) If it is Monday, then mother stays at home.

(b) It is not Monday.
Question: Is mother staying at home?

} , | () Yes () No ( ) Not enough clues

3593
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11. Clues: (a) If Jack is not in the race, then his team will

win,

(b) Jack is not in the race.

Question: Will his team win?

() Yes { ) No () Not enough clues

11. Clues: (a) If Janet does not come home in time, then her

parents worry.

(b) Janet did not come home in time.
Question: Were her parents worried?

() Yes () No ( ) Not enough clues

351
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12, Clues: (a) If a person is not older than 16, then he does

-not have a driver's license.

(b) Michael does not have a driver's license.

Question: - Is he older than 16? . i

() Yes - () No ( ) Not enough clues

T

12, Clues: (a) If a record has no crack, then it"is not John's.

(b) This record is not John's.

Question: Does it have a crack?

() Yes () No ’ ( ) Not enough clues
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13, Clues: (a) If Janet does not come home in time, then her

parents. worry,

(b) Janet did not come home in time. .

"~ Question: Were her parents worried?

S

() Yes : () No ” ( ) Not enough clues

Tt

13. Clues: - (a) If Jack is not in the race, then his team will
win,

(b) Jack is not in the race.

Question: Will his team win? K

() Yes ‘ () No e ( ) Not enough clues
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14, Clues: u(a} If the aquarium is dirty, then the goldfish will
die. |

(b) The goldfish has died.

Question: . Was the aquarium dirty?

Q

() Yes . () No () Not enough clues

T'

14; Clues: (a) If there is a policeman at the corner, then Don
waits on the sidewalk. X

(b) Don waits on the sidewalk,

<

Question: Is there a policeman at the corner?

() Yes B () No ( ) Not enough clues

857
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15. Clues: (a) If George does not like this kind of salad, then
R he will try the other kind.

(b) George likes this kind of salad.
Question: Will he try the other kind?

q

() Yes () No () Not enough clues

Tl

15, Clues: (a) If I don't see Dennis today, then I'li see him
tomorrow.

(b) I've seen Dennis today,

Question: Will T see him tomorrow?

() Yes () No ( ) Not enough clues
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16. Clues: (a) If the coat is black, then it is not Jill's.

(b) This is Jill's coat.

Question: Is it black?
() Yes , () No ( ) Not enough clues
.T'

16. Clues: (a) If it is a holiday, then the library is not open.,

(b) The library is open.
Question: Is it a holiday?

() Yes () No ‘ ( ) Not enough clues

| . 859




17. Clues: (a) If it is Monday, then mother stays at home.

(b) It is not Monday. -
Question: Is mother staying at home?

() Yes () No ﬁ ( ) Not enough clues

.T'
17. Clues: (a) If father fills up his car with gas, then he
cleans the windshield.

(b) Father does not fill up his car with gas.

Question: Is he cleaning the windshield?

() Yes () No ( ) Not enough clues
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it is not John's,

18, Clues: (a) If a record has no crack; then

-(b) This record is not John's.

Question: Does it have a crack?

‘( );Yes : () No ( ) Not enough clues

T!

18, Clues% (a) If a person is not older than 16, then he does

not have a driver's license.

(b) Michael does not have a driver's license.

Question: Is he older than 167

( ) Not enough clues

() Yes () No
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19. Clues: (a) If it is not a children's show, then Ronald does

not watch it, -

(b) This is not a children's show.
Question: Does Ronald watch it?

{ ) Yes () No ' ( ) Not enough clues

T?

-

19. Clues: (a) If the weather is not warm, then Cindy does not

go swimming,

(b) The weather is not warm.

Question: Is Cindy going to swim?

() Yes {) No ( ) Not enough clues
g
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20. Clues: (a) If a peach is not soft, then it is not tasty.

(b) This“peach'is tasty.
Quesﬁion Is it soft?

( ) Yes () No ( ) Not enough clues

T!

20, Clues: (a) If the milk isn't chilied, then I'm not going to
drink it.
(b) I am going to drink the milk.
)
/

Question: Is the milk chilled?

() Yes _ () No { ) Not enough clues

363
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21, Clues: (a) If a student does not finish homework, then he
goes to the principal's office.
(v) This student is going to the principal's office.

Question: . Did he. finish his homework?

() Yes () No () Not enough clues

T'

21. Clues: (a) If that woman is not Mrs., Brown, then she is
Nancy's grandma,

(b) This woman is Nancy's grandma.

Question: Is she Mrs. Brown?

() Yes ( )} No ' ( ) Not enough clues

Qo 36‘1
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22, Clues: (a) If he is in roomJ#IO, then he is a 2-nd grader.

(b) He is not a 2-nd grader.
Question: Is he in room #107?

() Yes () No ( ) Not enough clues

22, Clues: (a) If it is our store, then it is on the corner.

(b) This storé is not on the corner.
Question: Is it ‘our store?

() Yes () No ( ) Not enough clues

365
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23. Clues: (a) 1If the wind blows -from the west, then the clopds

will go away.

(b) The wind blows from the west.

Question: Will the ¢16uds go away?

() Yes { ) No ( ) Not enough clues

23. Clues: (a) If Mary is seven, then she is too young for that
summer camp,

(b) Mary is seven.
Question: Is she too young for that summer camp?

t ) Yes () No ( ) Not enough clues

366
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) . -
24. Clues: (a) If their ¢ar is not in their garage, then they
are not home,

(b) Their car is in their garage.

Question: Are they home?

() Yes () No ( ) Not enough clues

Tl

24, Clues: (a) If it cannot swim, then it is not a fish.

(b) It can swim,

Question: Is it a fish?

() Yes ¢) No ( ) Not enough clues




25, Clues: (a) If Dick has fruit for dessert, then he does not ’
. have cake.

(b) Dick has fruit for dessert.

| Question:  Does he- have cake?
i
|
r : () Yes () No ( ) Not enough clues
|
|
J
-
]
)
T ]

J

25. Clues: (a) If a house has a red roof, then it is not Joy's,

(b) This house has a red roof.
)
Question: Is it Joy's house?

) () Yes () No ( ) Not enough clues
)

) o - 368
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26. Clues: (a) If it cannot swim, then it is not a fish.

(b) It can swim,

Question: Is it a fish?

{ ) Yes () No ( ) Not enough clues

26. Clues: (a) If their car is not in their garage, then they
are not home.

(b) Their car is in their garage.

Question: Are they home?

() Yes () No ( ) Not enough clues

-
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27. Clues: (a)
(b)
Question:

() Yes

27. Clues: (a)
(b)
Question:

{ ) Yes

353

If that woman is not Mrs. Brown, then she is

Nancy's grandma.

This woman is Nancy's grandma.

Is shw Mrs. Brown?

{ ) No ( ) Not enough clues

T -
If a student does not finish homework, then he
goes to the principal's office.
This student is going to the principal's office.

Did he finish his homework?

() No ( ) Not enough clues

370




~drink it.
(b) - I am going to drink the milk.

3

Question: Is the milk chilled?

() Yes ( ) No ( ) Not enough clues

; . ' _ 354 . .
| 28, Clues: (a) If the milk isn't chilled, then I'm not going to : A{
Tl
28. Clues: (a) If a peach is not soft, then it is not tasty.

(b) This peach-is tasty. .‘ 5

2

. S

I

() No " () Not enough clues

Question: Is it soft? ¢ -
() Yes
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29. Clues: (a) If I don't see Dennis today, then I'll see him
tomorrow,

(b) I've seen Dennis today,
Question: Will I see him tomorrow?

g () Yes () No ( ) Not enough clues

.T'

29. Clues: (a) If George does not like this kind of sélad, then
he will try the other kind.

(b) George likes this kind of salad.

Question:  Will he try the other kind?

() Yes { ) No : ( ) Not enough clues

372




30, Clues: (a) If a house has a red roof, then it is not Joy's, ,

(b) This house has a red roof.

Qﬁestion: Is it Joy's house?

t ) Yes : () No ( ) Not Enough clues

Tl

30. Clues: (a) If Dick has fruit for dessert, then he does not

| have cake, y
g (b) Dick has fruit for dessert.
:
L : ’ Question: Does he have cake?
.
() Yes () No ( ) Not enough clues
-
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31, Clues: '(a) If it is our store, then it is on the corner.

(b) This store is not on.the corner.

Question: Is it our store?
{) Yes - () No ' { ) Not enough clues
T

31. Clues: (a) If he is in room #10, then he is a Z-na grader.

{(b) He is not a Z-hd_grader.
Question: Is he in room #107

() Yes , , () No ( ) Not enough clues

Q : ' 374
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32, Clues: (a) If a student takes Spanish, then he does not take

French.

(b) Jeff does not take Spanish.

Question:—~ Does he take French.

() Yes () No ( ) Not enough clues

32, Clues: (a) If the dog out there has black spots, then it is

not my dog.

© 4 (b) The dog. out there does rot have black Spofs.
! Question: Is it my dog?
() Yes ' () No S ( ) Not enough clues
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Appendix 7.3a Test Versions Used in Pilot Study . 360
Version Ty

Full Name

Todays Date . Team #

Puzzles for Fun -

We are going to have a team-contest, in puzzle solving. Each student will
work on his own paper. The points each member gets will sum up to the team's
score., ‘ '

- You will get one point for each correct answer -
~ You will lose one point for each wrong answer -

Therefore, each time you try a puzzle, try hard to chose the right answer
so that you and your team will earn a point. But if you are really not
sure, leave the puzzle unanswered, so that your team will not lose a
point. Just go to the next puzzle. If you put a sign like * next to a
puzzle you skip, then you can come back to it when you finish.

If you find a word that you do not know, raise your hand, and I will explain
that word to you. THIS IS NOT A TEST OF YOUR READING, so ask about any word
you are not sure of.

These puzzles are just for your fun, and you may take all the time you
want on them. There is NO TIME LIMIT. The competition is only
on the number of rignt answers you get. So, work carefully and help your
team win.,

When you finish, check your answers again, then you may draw some
pictures or design on the front page, but PLEASE, REMAIN QUIET until
I collect the papers. -

The Puzzles

In each puzzle we give you two clues, then we ask a question. For each
question there are three possible answers: ( ) Yes, ( )No, ( )Not Enough
.Clues. Decide which is the right answer for each puzzle, and indicate this
by marking x in the parentheses to the left of that answer.

In some puzzles we did not give you enough clues to reach a yes or a no
answer. So, if you think there are not enough clues in a given puzzle,.

be sure to put your x next to the answer - Not enough clues. In some
puzzles, of course, there are enough clues to reach a yes or a no answer.
In such cases, be sure to mark your x next to yes or no.
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Remember: In each case MARK ONLY ONE ANSWER

Let's do two examples together:

Example 1. Clues: (a) If it rains tomorrow, then it will be cloudy
tomorrow.
(b) It will not be cloudy tomorrow.
Question: Will it rain tomorrow?

( Yes ( )No ( )Not enough clues

The answer is: No. It will certainly not rain tomorrow, because 1if
it does, then, according to the first clue, it will be cloudy. But the
second clue says it will not be cloudy. So, No is the right answer.

Mark x in the parentheses to the left of that answer.

Example 2. Clues: (a) If it rains tomorrow, then it will be cloudy
tomorrow.
(b) It will not rain tomorrow.
Quéstion: Will it be cloudy tomorrow?

( )Yes ( )No ( )Not enough clues

The right answer is: Not enough clues. The first clue says nothing
about what will happen if it does not rain. It may be cloudy tomorrow
even though it does not rain, or it may be not‘ciﬁudy and not raining.

We don't have enough clues to decide. Mark this answer.
Do you have any questione before we begin?

Now, turn the page and do your best.




1.

Clues: (a)

(b)
Question:

( )Yes
Clues: (a)
(b)

Question:

( )Yes

Clues: (a)

(b)
Question:

( )Yes
Clues: \ (a)
(b)

Question:

- ( )Yes

3=
If Mary is seven, then she is too young for that
summer camp. - |
Mary is seven.
Is she too young for that summer camp?

'( )No (A)Not'enough,clues

If there is a policeman at the corner, then Don
waits on the sidewalk.

Don waits on the sidewalk.

Is there a policeman at the corner?

( )No ( )Not enough clues

If the sun is not‘shining, Fhen Cindy does not go
swimming. |

The sun is not sﬁining.

Will Cindy go swimming?

( o ' ( )Not enough clues

If Terry has a fever)then he will not go to
a~hool tomorrow. |

Terry wili not go to school tomorrow.

Does Terry have a fever? - - -

( )No ( )Not enough clues

1379

362




C

N

5.

Clues: (a)

(b)
Question:

( )Yes

Clues: (a)

(b)
Question:

( )Yes

Clues: (a)

(b)
Question:‘

( )Yes

Clues: (&)

>

(b)
Question:

( )Yes

Py

If Laura's desk is not sttgightened. then she
has to stay after school.

Lauta.does not have to stay after school.

Is Laura's desk straightened?

( )No ( )Not enough clues

If the dog out there has black spots, then it.is
not my dog.

The dog out there does nof have black spots.

Is it my dog?

( )No ( )Not enough clues

If someone plays too much football, then he does not
do enough homework.

Steve does not do enough homework.

Does Steve play too much football?

( )No . ( )Not enough clues

If there is a holiday next Wednesday, fhen the
libraty will not be open.

The librafy will be open next Wedneéday.

Is there a holiday next Wednesday?

( )No ( ) Not enough clues

380
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9. 'Clues: (a) If the wind does not change direction, then our
sailboat will approach the dock.

(b) Our sailboat does not approach the dock.

Question: Did the wind change direction?

( )Yes ( )No . ( )Not enough clues

10. Clues: (a) If father fills up his car with éas, then he cleans
the wfndshield.
(b) Father doesn't f1ll up his car witﬁ gas;
Question: Is he cleaning the windshield? |

( )Yes '( )No ( )Not enough clues

11. Clues: (a) 1If Jack is not in the race, then Joe's team will win.
(b) Jack is not in the race.
Question: Will Joe's team win?

o

( )Yes ( )No : - ( )Not enough clues

12. Clues: (a) If a person is not older than 16, then he does not
A have a driver's license.

(b) Michael does not have a driver's license.

Question: Is he older .than 167

( )Yes ( )No ( )Not enough clues
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14.

15.

16.

Clues: (a)
(b)
Question:
( )Yes
Clues: (a)
(b)
Question:
( )Yes
‘Clues: (a)
(b)
Question:
( )Yes
Clues: (a)
' (b)
Question:
( )Yes

-6-

If J;net does nof‘comé home in time, then her
parents worry.

Janet does not come home in time.

Are her parents worried?

( )No ( )Not enough clues

If that woman is M;é. Brown, then she is Nancy's Grandma.

‘That woman is Nancy's Grandma.

Is she Mrs. Brown?

( )No ( )Not enough clues

If George does not like_this kind of salad, then
he will try the other kind.

George likes this kind of salad.

Will he try the-ofher kind? . .

( )No ( )Not enough clues

If the coat is bla. . ther it is not Jill's.
This is Jill's coat.
Is‘it black?

( )No ( )Not endugh clues

332




17.

18.

19.

20.

Clues: (a)
()
'Queétion;
( )Yes
~Clues: (a)
(b)
Question:
( )Yes
Clues: (a)
. (b)
Question:
( )Yes
Clues: (a)
(b)

Question:

( )Yes

-7
If it 1is ﬁonday, then mother stays at home.
It is not ﬁonday.
Is mother at home?

( )No ' ( )Not enough clues

If a record has no cfack in it, then it is not Jeremy's.
This record is not Jeremy's. P
Does it have a crack in it? -

( o ( )Not enough clues

If it is not a children's show, then Ronald does
not watch it, '

This is not a children's show.

Does Ronald watch it? |

( INo ( )Not enough clues

If a peach is not soft, then it is not tasty.
This peach 1is tasty.
Is it soft?

( )¥No ( )Not enough clues

383




21.

22,

23,

24,

Clues: (a)

(b)
Question:

( )Yes

Clues: (a)
(b)
Ques;ion:

( )Yes

Clues: (a)

T
Quesfioné
{ YYes

]

Clues: (a)

(b)
Question:

( )Yes

-8~

If a student does not finish homework, then he goes

to the principal's office.

This student is going to the principal's office.v

Did he finish his homework?

( )No *( )Not enough

| A
If it is a iittle piece, then it will fit
This piece does not fit your puzzle.:
4 *
Is it a little piece?

( )No ( )Not enough

If tgé wind‘blows fromuthé west, then the
go away. |

The wind blows-from the west.

Will the clouds go away? |

( dNo

i

( )Not enough

*

If their car is not in their garagé, then
’ i

not home. . E
Their. car is in their garage.
Are they home?

( )No ( )Not enough

381
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your puzzle.

clues

clouds will

clues

they are

clues
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25. .

© 26.

27.

28.

(a)

Clues:
(b)
Question:
( )Yes
Clues: (a)
(b)
Question:
( )Yes
Clues: (a)
(b)
Question:
( )Yes
Clues: (a)
(b)
Question:
( )Yes

-

If Dick;has fruit‘forfdessert, then he does not
have cake. |

Dick has'ffuit:for dessert.

Does he have cake?

( )No ( )Not. enough clues

If this is not a mammal, then it is not a whale.
This is a mammal.
Is it a whale?

( )No ( )Not enough clues

If the aquarium is not clean, then the goldfish will die.
The goldfish has died. . »
Was the aquarium clean?

( )No ( )Not enough clues

»

If tﬁé milk is not chilled, thgn.l'm not going to drink it.
I am going to drink the milk,
Is the milk chilled?

( )No ( )Not enough clues

\




29,

30.

o .

32,

Clﬁesé- (a)

(b)

Question:

( )Yes

Clues: (a)

(b)
Question:

( )Yes

Clues: (a)
(b)
Question: -

( )Yes

Clues: (a)

(b)

’

Question:

( )Yes

-10- o o 369

If I don't see him today, then I'll gee him tomorrow..
I've seen him today.
Will I see him tomorrow?

( )No ( )Not enough clues

If this house has a ved roof, then it is not Joy's
house.
This house has a red roof.

Is it be's house?

()No - () Not enough clues

If it is our store, then it is on the corner. -

This store is not on the corner.

1s it our store?

. '( )No : ( )Not enough'clues

/7

If he takes music class, then he is not supposed to
be here.

This boy does not take music class.

Is he supposed to be here?

( )No o (.)Not enough clues

386




Version Tj; °

Full Name

Todays Date Team # : .

Puzzles for Fun

We are going to have a team-contest, inApuzzle solving. Each student will
work on his own paper. The points each member gets will sum up to the team's
score. :

- You will get one point for each correct answer -
- You will lose one point for each wrong answer -

Therefore, each time you try a puzzle, try hard to chose the right answer
so that you and your team will earn a point. But if you are really not
sure, leave the puzzle unanswered, so that your team will not lose a
point. Just go to the next puzzle. If you put a sign like * next to a
puzzle you skip, then you can come back to it when_you finish.

If you find a word that you do not know, raiseﬂydﬁr hand, and I will explain
that word to you. THIS IS NOT A TEST OF YOUR' READING, so ask about any werd
you are not sure of.

These puzzles are just for your fun, and youy.may take all the time.you
'want on them. There is NO T IME LI MI T. The competition is oanly
on the number of right answers you get. So, work carefully and help your
- team win. : : :

When you finish, check your answers again, then you may draw some .
pictures or design on the front page, but PLEASE, REMAIN QUIET until
I collect the papers.

The Puzzles

. In each puzzle we give you two clues, then we ask a question. For each
question there are three possible answers: ( ) Yes, ( )No, ( )Not Enough
Ciues. Decide which is the right answer for each puzzle, and indicate this
by marking x in the parentheses to the left of that answer.
/
In some puzzles we did not give you enough clues to reach a yes or a no ”kx
answer. So, if you think there are not enough clues in a given puzzle,
be sure to put your x next to the answer - Not enough clues. In some
‘puzzles, of course, there are enough clues to reach a yes Or a no answer.
In such cases, be sure to mark your x next to yes Or no. ; -

v € e e aa
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Remember: In each case MARK ONLY ONE ANSWER

Let's do two examples together:

Example 1. Clues: (a) If it rains tomorrod, then it will be cloudy
tomorrow,
-(b) It will not be cloudy tomorrow.
Quéscion: Will it rain tomorrow? A

( )Yes ' " ( )No . ( )Not enough clues

The answer is: No. It will certainly not rain tomorrow, because if

it does, then, according to the first clue, it will be cloudy. But the
second_clue says it will not be cloudy. So, No is the right answer.

Mark x in the parén:heses to the left of that answer.

Example 2, Clues: (a) If it rains ﬁomorrow, then. it will be cloddy
| | tomorrow.
(b) It will not rain tomorrow.
Question: Will it be cloudy tomorrow?

( )Yes ( )No ( )Not enough clues

The right answer is: 'Not enough clues. The first clue says nothing

about what will haﬁpen if_iﬁ does not rain. It may be cloudy tomorrow

even though it does not rain, or it may be not cloudy and not raining.

We don't have enough clues to decide. Mark this answer.

-.. Do you have any questions before 'we begin? - *

Now, turn the page and do your best.
{
|

388




Clues: (a)
(b)

Question:

( )Yes.

Clues: (a)

- (b)
Question:
( )Yes
Clues: (2)
(b)
Question:
( )Yes »
Cl'ues : ' (a)
(b)
Question:

( )Yes

summer ‘camp.

If Mary is sevén. then she is too young for that
Mary 1s-not too young for that summer camp.
Is Mary seven?

- ( )No ( )Not enoﬁgh clues’

If there is a policeman at the corner, then Don

waits on the sidewalk. o

‘There is no policeman at the corner.

Will Don wait on the sidewalk?

!

( INo ( )Not enough clues

If the sun is not shining; then Cindy does not *

g0 swimming. _ -

Cindy- goes swimming.

Is the sun shining?

( )No ( )Not enough clues

If Terfy has a fever! then he will no@ go tp
school tomorrow.

Terry does not have a fever.

Will he go to schqol tomorrow?

\ )No | F.

( )Not enough clues

389




Clues: (a)

(b)
Queatioﬂ:
( )Yes
Clues: (a)
(b)
Question:
( )Yes
Clues: (a)
(b)
Question:
{ )Yes
Clues: (a)
(b)
'Question:
( )Yes

—dm 373
If Laura's desk is not straighteﬁed, then she'll ’
have to stay after school.
. ot

Laura's desk is not straightened.
Will she have to stay after schocl?

<

( )No ( )Not enough clues

If the dog out there has black spots. then it
is not my dog.

This is not ﬁy dog.

Does it have black spots?

- ( )No ( )Not enough clues

If somebne plays ﬁoo much football, then he does
ﬁot do enough homework.

Steven does not play too much football.

Does he do enough homework? |

( )No ( )Not enough clues

If there is a holiday next Wedﬁesday, then the
library will not be opeﬂ. .
There i: a holiday next Wedneeday.

W1ill the librar; be open?

( )No ( )Not enough clues’

3990
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9. Clues: (a) If the wind does not change direction, then our sail-
boat will approach the bank.
| (b) The wind did not .change direction.
'Question: Does our sailboat approach the bank?

( )Yes ( )No ( )Nof enough clues

10. Clues: (a) If father fills up his car with gas, then he cleans‘
the windshield.
(b) Father cleaned.the wiﬁdshieid.
Question: gid he f111l up his car with gas?

.( )Yes ( )No ( )Not enough clues

11. Clues: (a) If Jack is not in the race, then Joe's team ﬁill
' win.
(b) Joe's team did not win.
Question: - Was Jack in the race?

( )Yes ( )No ' ( )Not enohgh clues

12. Clues: (A) If a person is not older than 16, then he.does
not have a‘driver's license. |
(b) Michael is older than 16.
Question: .Doés he have & driver's license?

( )Yes . ( )No ( )Not enough clues

% a 391
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14.

15.

16.

Clues: (a)

(b)
Question:

( )Yes

»

Clues: (a)

(b)
Question:

( )Yes

Clues: (g)

(b)
Question:

( )Yes

Ciues: (a)
(b)
Question:

'( )Yes

'If Janet does not come home in timé, then her

parents worry.
Janet's parents are not worried.
Did she come home in time?

()No . ( )Not enough clues

If that woman is Mrs. Brown, then she is Nancy's
grandma. '

That woman is not Mrs. Brown.

Is she Nancy's'grandma?

( )No ' ( )Not enough clues

'If George does not like this kind of salad, then
he will tfy tﬁe other kind. |

George 1is trying the other kind of salad.

Does he like the first kind of salad?

( )No ( )Not enough clues

If the coat is black, then 1t 1s not Jill's.
This coat 1is black,
Is it J111's?

( )No " ( )Not enough clues
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17.

18

19.

20.

Clues: (a)
(b)

ngséion:

( )es

?

Clues: (a)

(b)

Question:

( )Yes

Clues: (a)

(b)
Question;

( )Yes

'C1ues: (a)

(b)
Question:

( )Yes

If it is Monday, then mother stays at home.

Mother stays home,
Is it Monday?

( )No (“)th enough clues

If a record has no crack in it, then it is

not Jeremy's. °
This record has a crack in it.
Is it Jeremy's.

( )Nb' ( )Not enough clues

If it is not a children's show, then Ronald
does not watch it:

Ronald watches a show.

Is it a children's show?

( )No .~ ()Not endugh"clues

If a peach 1is not soft, then it is not tasty.
This péach 1is not soft.

Is it tasty?

3

( )No ~ ( )Not enough clues
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21.

22,

23.

24.

Clues: (a)

(b)
Question:

( )Yes

Clues: (a)
(b)

Question:

( )Yes

Clues: (a)
(b)

Question’

( )Yes

Clues: (a)
(b)

Question:

( )Yes

If a student does not finish homew>rk, then he
goes to the principal's office.

This student finished his homework.

Does he.go to the principal's office?

( )N;: : ( )Not enough clues

If it is a little piece, then it will fit yoﬁr
puzzle, -

This is a little piece.

Will it fit your puzzle?

( )No ( )Not emodgh clues

If the wind blows from the west, then the clouds
will go away.

The clouds do not go away. -

Does the wind blow from the west?

( )No ( )Not enough clues

If éhéir-éa; is nbt in their garage,'then they
are not home. | '
They are not home.

Is their car in their garage?

( )No ( )Not enough clues
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25.

26.

27.

28.

I

Clues: (a)
(b)

Question;

( )Yes"

Clues: (a)
(b)

Question:

( )Yes

Clues: (a)
(b)

Question:

( )Yes

Clués: (a)
(b)

Question:

{ )Yes

If Dick has fruit for dessert, then he does not ;,J
have cake.
Dick has cake for dessert.
fboes he have fruit?
( )No ( )Not enough clues
_ N
If this is not a mammal, then it is not a whale.
This is not a whale.
Is it a mammal?
( )No ( )Not envugh clues
:
H
If the aquarium is not clean, then the goldfish
will die.
The aquarium is clean.
Will the goldfish die?
( )No ( )Not enough clues
&
If the milk is not chilled, then I'm not going by
to drink 1it. ’ é

The milk is not chilled.
Am I going to drink 1it?

. )No ( )Not cnough clues
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29,

30.

31.

32.

Clues: (a)
(b)

Question:

( )Yes

Clues: (a)
(b) .

Question:

( )Yes

Clues: (a)
(b)

Quéstion:

( )Yes

Clues: (a)
(b)

Question:’

( )Yes

-10-

If I don't see him today, then I'11 see him tomorrow.
I'1l see him tomorrow.
Have I seen him today?

( )No ( )Not enough clues
If this house has a red roof, then it is not Joy's
house.'
Here is Joy's house.
Does it have a red roof?

( )No ( Not enough clues
If it 1is our store, then it is on the corner.
This 1is our store. B
Is it on the corner? ' —

¢ o |

|
|

\

\,

( )Not enough clues

If he takes music élass, then he is not supposed
to be here.

This boy is not supposed to be here.

Does hé take music‘class?

( )No ( )Not enough clues

a
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Item Profiles in Percentage of Students Per Answef

for Pilot Study Students Who Took Vefsion_Tl
Hither as Their Pretest or as Their Posttest
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APPENDIX 7.4
a. Students' Attitude Questionnaire ' .
b. Teachers' Evaluation of the Experimental Unit Questionnaire

c. Teachers' Evaluation of Activities Questionnaire

~
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Appendlx 7. 4a Students' Attitude Questlonnalre

(tdken b' exper1menta1 group students right after the posttest)

1, ﬁnﬁthe ﬂ st 5 weeks you woiked on the first logic project. We would
lgké to 'know Which parts of it you like, and which pérts YOu did, not.
Hére is a list gf the activities to remind you what you did. As you

régd it circ1e the ones you really liked: | |

a. Electrig cards

b, Pictoriai activity .

c. Dominoes

d. ﬁumbers and their properties
e. Playing cards

f. Colored light switch box

g. Prepare a quiz -

Now, please go again and cross the ones you did not like at all.

2, Right after Easter vacation we may offer a new logic project. Only

Those students who choose to participate in it will take it. It's up
to you. Would you like to go on learning logic after Easter?

Do you have a reason for it?
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Appendix 7.4b
" Teacher's overall evaluation of experimental

unit in conditional reasoning

March 1975

1. Teacher's name (optional).

2. No. of yéars / of elementary school teaching experience

How many y'earlsr_in present school ?
[

: ) ~
3. A.B. degree:;/College.

Year e . \
Major , . |

Credential ‘program: University:

Year .

Other gradﬁate work:

4, Didyou take any logic courses ? R yes, state where, and

give a brief description of the course:

- 5. Have you ever been, involved in educational research?

K yes, in what way? -

-6. Name professiona1 journals' you read regﬁlarly_ ’
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7. Here is a list of the activities the experimental unit consists of:

Electric card.é, Pictorial activity, Dominces, Numbers and their
properties, Playing cards, Colored light switch box, Prepare a quiz.
Which activity did you like best? :

© Why?

Which activity did you like the least .

Why? -

8. Which acti;rity do you think your class liked the most?

Least?

9. Which activity was the most helpful towards understanding of the

underlying logical ideas?

Which ractiv'ities caused confusion in the students' minds about the

underlying logical ideas?

1]

10. Please comment on the sequencing of the activities. ( Any changes youA

- think would be better)

T

=
o,
<
st
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11, Would you llke to teach this unit. again next year?

Please g1ve reason to either a yes or a no answer |

12, If your answer to item 11 was yes, go to 13. Ift’your answer to
item 11 was no, do you think some additional‘t'ra_.ining might change

your mind?

13. When you 't~eacl{ this unit agaill,. would you modify the approach?

Did you read the teacher's manual in full? ' How did it

serve you?(Is it too long? too detailed? Comment on it's edlttmg,

language, clearity, etc.)
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15'.Do you think you would have been able to teach this unit using juvst

the teacher's manual!, with no pre-training session?
’ g

If not, do you think it would be possible to improve the manual so
that it would be'the sole source of instruction for the teacher?

(Any idea or suggestion @ out such an improvement will be welcomed)

16. When you prepared for.a session, for which activity of this unit

did you feel that your training was not 'adequate.(Ple'ase refer to

the list in question 7 . Also, please explain what was your trouble_)

17. Please comment on the pre-training session (6 meetings during

- January)
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18. Do you think the rate of progress was approximately uniform
-throughout the 5-weeks program? . I not, which: Wé;’é&" !

the periods of greater learning?

Of least learning?

Give any explanation that occurs-to you to explain such differenceé\.,\

19. Please comment on éhanges in students' attitude thruoghout the 5-

weeks period. Give any explanation that occurs to you for it.

20. Can you identify types of students for whom this unit was
particularly appropriate ? ‘

Inappropriate ?

21, To what extent do abﬂity groups with respect to the work in this

unit, conform to ability groups with respect to mathematics?

Language arts?




General ability?

Give any explanation that cccurs to you

22.Do you t}xink this unit may have any carry over effect on the students'

work -in'otper parts of the curricilum? If yes, what parts?

23. Do you think this unit may affect your teaching of regular math.

program? how ?

Language arts? - How? -

Other ? 'ch,?

24. Any other coments?

Thank you very much for Ymir cooperation
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Appendix 7.4c: : ' | g

Teacher's evaluation of activities

Teacher's name (Opti onal)
Date:
Activity evaluated:

Eleciric cards

¥ .
Numbers and their properties

___ Pictorial activity
___ Numbers and their propertoes

___ Playing cards
Colored light switch box

L Prepare a quiz -

- 1. Which parts of that activity did you implement in your class? (State

pages numbers in teacher's manual, please.)_

2. What changes did you make in the parts you implemented, and'why did
you do them? (Youmay use the back of this paper if you need extra
space. please be very explicit)

— —— — o
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3. Which parts of that activity did you omit, and why? (State pages nun:bers

in teacher's manual, use the back of this page for extra -space)

——— et

4. Did you think of things to do that were not mentioned at all in the .
teacher's .manual? If so, indicate what these are and whether you
actually tried them. I you did, how did they work?

————a  cmmas  n  ——— - - ——— ——— —— — —

5. Comment on students response and invovement in this activity. (Quote-
interesting reactions, use an extra sheet of paper, if needed)




1.

3. . ~ 391

. Comment on students' worksheef’s and/o’r 'manipulative aids of this

activity. (State items that were too easy, too dlﬁlcult boring, e\‘,tu.m,
complicated etc., JVhat did you do to overcome such probleis °)

— —— — - - -—

— — v - — _— e cm— - " — — o — T e —— S —— " —————

————

——— c— - — — ——— ——— v arp—— - o

Comment on teacher's manual and answers sheets for this activity. (Did

you have any parts that you felt you were not well prepared for their
presentatmn‘? What parts in the manual you did not read, or you felt
were not needed? etc.)

—— — e — - — ——— —— T ————— —— — w— — — e ey e—
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_ ’ APPENDIX 7.5 .
A Session by 'S_ession Account of the Pretraining Workshop - , ‘




January 14, 1975:% 1. General goal of the expefimental unit,
2. Electric Cardsl- 20 cards: read, answer,
discuss and test with the electric tester,
3. Pictorial Activitytﬁért'a. (Last part
assigned for homework.) |
Handouts: Electric Cérds - teacher's manual,
Pictorial Activity - students' worksheets.
January 16, 1975: l.lThe structure of a conditional senﬁence and
its éymbolic representation,
‘2. Pictorial A€tivity part b.
d. Dominoes Activities,

4. Generalization to: p - q implies

-(p " -q) o ‘

Handouts: Pictofial Activity and Dominoces -
teaéher's maﬁual..
Jénuary 21, 1975: 1. Numbers and Their Properties, including
students' worksheets.
2. Playing Cards (students' worksheets assigned

for homework.)

3. The meaning of NEC as a denial of bothla
certain yes and a certain no.

4, Genéiaiization: p > q 1is equivalent to
-(p ~ -q); p + q is equivalent to
P @~ P~ (pr-q

Handouts: Numbers and Their Properties - teach-

#"This 1list includes only the new activities and ideas discussed
- each time. It should be understood that at many points there were
reviews of accumulated knowledge.
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January 23, 1975:

January 28, 1975:

February 4, 1975:

394

ers' manual, Playing Cards - students'
worksheets,

1. Playing Cards.

2. Colored Light Switch Box.

3. Generalization: .p + q ,implies‘hot-q > not-p;
P ; q and q + p are independent, | . ¢

Handouts:. Playing Cards, Colored Light Switch
’Box, The ngic of Conditional Reasoning -
teachér's manual’,

‘i. Prepére a Quiz;

2. The Logic of Conditional Reasoning - summary
of logical forms and'negative modes through
the way the electric-cards were organized,

3. Psychological studies of the difficulties in
conditional reasoning; |

1. Practical problems of presenting the unit in
class - gfouping, insisting on sound argu-
ments for answers,‘encouraging students'
Adiscoveries of ﬁatterns without any teaching
of algorithmic approach, equal émphasis on
all four logical forms, gradual introduction
of negation into conditional sentences.’

2. Teachers' pretest, self corrected.
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