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' ) / ‘ ' ABSTRACT
: ' 'Th7 present study investigated tﬁe.effect of two external condi- e
- tions o

€. . - N

. conditi ns wgré instruction on the major concepts related in the

the 1garning‘of\priggip1es by children. The éxternal
I/

¢

~

priﬁc le and the number of teacﬁing examples (correct applications)

ip
and te%ching nonexamples (incorrect applications)'of the principle

bfééenéed with a statement of the principle, ’ ) :
* f ”
. ! . Stbjects were 159 fifth-grade student
. '

of average ability and

i . . - .
socioeconomic status. Two principles from e3ch of two subject matters

! -

(mafhématics and language arLT) served as the\content of the learning !
¥ Y ]

I

i

|

task.} One principle from\fach subject matter was. designated as “easy" .
. . | B \!-."A .
"and one as "difficult" on the basis of previgus research, ‘

-

- L ’he prinhiples were presented in printed, self-instructional

1essob booklets. Several versions of the booklets were prepared in

.

| L. N
which the instructional variables of interest were systématically

/{ . - v R 1"?" - . - -
varied. Variations in the type of lessons read by the subjects con-

N siiq ted the experimental conditions. Mastery of the}piihciples was .

.

, .
- . ability to apply the principles. ]

/ In general a ratichally églected,set of examples and noﬁexamples

!

was found to be more facilitative than one example, although it was

Y

|
1
determined by tests designed to assess subjécts' knowledge of .and

!

?bncluced that for easy principles providiﬁg one example was equally ,

".' . . A . ! : +

jeffective as-a rationally seiected set when instruction on concepts ‘
L : ’

- ‘ / related in the principle’ was also provided, Main effects for instruc- , 1

i

. / -~ . N N
/' tion. on concepts related in the principles were not found to be

éignifigant;)the.conditions agsociated with this unanticipated result

were discussed. -

- e
B

P . 10 -
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s  'Chapter I

INTRODUCTION ’ L

Conceptual learning and development has become a topic of
4 ' >

increasing interest to both psychologists and educators in recent years. -

A large and growing body of literature in the area comprising a variety

q
of theoretical viewp01nts and empirlcal investigations currently exists. -

Additionally, several practical appllcations of existing knowledge to
the classroom teachlng situation have been prqposed (Klausmeier &

Feldman, l974(\§lausmeier, Ghatala, & Frayer, 1974; Markle & Tiemann,

1969, 1972; Tennyson, Woolley, '& Merrill, 1972).

The great majority of the literature on concept learning, however,

v . -

deals with the acquisition of discrete, isolated concepts. . While many
concepts‘may indeed be learned in isolation, particularly during the

Q 1 4
early- years of life, mosti concepts taught in schools and acquired by

adults are learned w1thin the context of generalized subject matter
areas which consist of sets of related concepts? How related concepts, - *

. . N . . :r, . ‘:',
or more accurately the relationships between of among concepts, are -
learned and can most effectively be taught is thug a topic of some

-

importance. ) . e .

Two general types of relatiopships between or among concepts* have

been described in. the literature. ‘The fixst is that found in taxonomfc
con,cegtnal systems involving supraordinaté and spbordinate’cl’ass.es‘. The *
. . i ' - . v » . . .
r . 2 L '

T 11(1 .




. N R .

.

" second ineludes any statement of relationship between twd or more con-
& ’, T i ) L ) < . \l ' *

‘cepts which is used to define a more inclusive concept or express a

. . *. 4 .

composite idea. Statements expressing composite‘ideas are commonly
N . . . 3 '

. [ . - ‘. @ .

called such things as principles, rules,‘ axioms, or, law %he'present .

L . ) U . ® P . ' -
study deals with how relationships of this ‘second type ate learned.

y .
o Cee . . N .
~ - The research reported in this dissertation’ is part of an ongoing

\ . R 3 Y
0 - . “ Al

research project focusing on concept learning being carried out at the -

A . ° M b .
3 . .~

Wisconsin Research and Development Qénter for Cognitive'Learning. Ihe )

e

- -
e

hY

project is de'signed to increaselknowledge about stimulds~yiriaﬁies and

cognitlve operatlons related to concept .attainment both in‘thé labora-

A% '

~tory d in the class;oom. One ofy the, major results eof this research

prog m is the Model of Concept Learning and Development (CLD) whlch

- ' 4 o

has been présented 1n detail by Klensmeler Ghatala, and Frayeg (1974).
The CLD4uodel was conceived of as 'a framework upon which.to base further *
. . - . - Yy

|

|

|

|

!

}

f

’: . .
% . research and instructional deésign, .and as such it has served'as a guide
|

1

-

-
s ~e .

wha§§ ' and impetus for a variety of empirical investigations incluqing the

present study. C ) . L 4

K In the CLD\modei concept 1earning is treated as a complex form of
~ . oo T ¢ ) - - ‘;. P
learning that can be subdivided into four hierarchical levels. These -
. . [y \

. levels represent levels in attainment of the same concept afid can be
1, M

”

distinguished from each other on tzsfpasis of the cognitivéAoperations E

-~
- . PN B A

: ! involved in,the attainment of each one. Internal and external condi-

N

blons of "learning related to the sped1f1ed levels and .the possible uses

~ ~
» . -

¥
and extensions of attained concepts are also described in the model. -
. . L}
- - . . ;‘(
. ‘The four levels of concept attaimment specified inwtheiCLD mod%i

- are concrete, identity, classificatory, and formal. Each level

.

. . represents knowledge aﬁ%ﬁ% a particular concept at a higher.lé@el*of
3 ‘ ' ! ’ ) e

f . ‘v!
/J . . N . - v
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i e
o

‘ -

inclusiveness aﬁd aBstractness. Attainment, at the concrete level is
N " :f bt
» o i
inferred when the 1earner~cognizes an, object that he or she has
A ""’-l ;l ¢ I3 . : * -
encountered previouslys Attainment at the identity level is inferred’

.

when the learner recognizes thefpreviously encountered opject even

L ,.: ‘3.

when~seen from another perSpective or sensedﬂin a different modality.

~ ~ &

Attainment at the classificAtory level is inferred when the_learner is

-.l.'A,,- ‘ "x, :-'

..,

PR - —_——— v
. s P - - "
.

belonglng to the gafie set or c1ass, éven though he or she may not be
3

- -

able to name the attribute(s) common to themw. Finally, attaimnment’ at

the formal level is inferred when the learner cap name the concept and

each of its defining attributes, correctly classify examples and non-

examples, “and describe the basis of the class1fication in terms of the

. = 4
»

defining attributes. \ ” ' -

. - -
~ .-
~ . ~

-

A Do M et

A concept.attalned only at the concrete or identity levels may be

L
~ 1
v e

-used in solving simple, perceptually based problems. However,, once a

concept has been learned at the classificatory or formal levels it may
. M . . .

’ ., .

be Used to'cognize relations among the concept and other concepts,’

.
.

either subordinate~supraordinate or principle relationships, and also
e / . '

T

The present study is concerned with the use of concepts in principle

Id

-

to solye sophisticated-problems.

- f . ) .
relationships., Specifically, the study focuses upon two instructional
a . L.

variables that are hypothesizeéd to affect principle learning. ‘The,first

: . 4 .
is instruction on each of the,main concepts that are related in the

..

.

’

»

[

principle.-ffhat this is potent1ally an 1mpor;ant variable in principle

., - N .,

. .

'. teaching follows directly from the CLD modelyand also from the work of

ty s

Gagne (1970) and Ausubel and Robinson (1969). The second variable is

the‘number of teaching examples (correct applications) and teachlng

" \

% i ‘ f\!
. .10

/

— .
[

-

>

A

s vl
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nonexamples (incorrect applications) that are presented with a state~

."

' ment of the principle. Previous research (Gagné and Wiegand 1968) has

[N .
- > 0T >

shown that very "simple" or "easy" principles can be mastered from a

-
v H

statement'of the principle<and one example. However, there is some indi- ’

" cation that a single example is insufficient when'"complex" or "difficult” ,_i

. prihciples.are being learned (Anderson,'l973). In theapﬁesent study the ' ) "
. . use of & "rational set" of exampl;s and nonexamples (Markle and Tiemann, 2 |
. . 1969) was'extended from concept teaching to the teaching of principles. ' /

.
Is , b

It was expected that the presentation of a rationally selected set of.™ / /’
!, - ‘
teaching examples and nonexamples of a principle would result in sign1fi~ ' |
P |
- cantly greater mastery of d1ff1cult principles than_ would result from the .
. e ’ . P ’ 5 .
o PSR ) .

o presentatlon of a s1ngle example. . - . J .
Y s : i >, A Py .«
CRN R ‘e . . by < :
RS e ! St - : ' ) "/ -

;“ ! . _Method _ ‘ . . ) RN
b ”"‘x ~<;L T e i . ’ / . S

““ . Subjects were 159 fifth~grade students who studied a series of two

PN \-‘\‘
A :

pr1nted 1essons.,.8everal versions of the lessoms were prepared Eo which

R
- N ’

e " L) - / ..
the instructidnal variabIes of interest were systematically varied.,!’arkLa
I« -

1 .’ "-

s . ’,'..

L

ations in the type of lessons preseﬁted;to the subjects constituted ‘tHe

- “ 1
s -’ T (/; ‘" {
> ! .-’ -t f .
. . experimental cbnditions. , /// J“, ;p/,/if“#ﬁ_\ - A {fi - ;
, - Two prin01ples froﬁfeach of//wo subJect matters émathematics and
iy . l

s o~ /'»"
. language arts) served as the_gﬁ/tent,of the Iearning task. One principi

M ‘o

- o .~ i i
SR from each subJect matter was selected to be either "easy"'or "difﬁncult?
. e M . -, . " o, . -(,\ .-4. RN R
"+, on the bas1s of prev1ous empirical résﬁlts..y, : = ; P Cuyo f,‘ A
. . ) it ", ,/ / . - ~-'.l’”‘ \QD SA Ny ". . ’ ' N ” " * H
Sphject reld the. ﬁéﬁﬁessons dgﬁéng the;same expefimental session.‘
- .’;‘ .'. 2 '_ "' % ’c \ ';9", [ f i
. 3 , i ned
After completio ’bf e;lessons, sublecfs.wepe'giVen a~Qe§t whidh assessed; . i
N - \-“ ' ¢ -/ - el { b
AR - o ;r:>p .
their knowledge of and ability to apply’thé pgﬁnciples* Tﬁp ent 1] i
2 H paEni
», . . [ )
INE 4 ; S & RO .!""
session of two lessons and the stest adminlstt%;ién ;psled Qgtwpep‘45 R,
Coae, “"x‘.: “ ~r ! % ; .é. coovd
. MLORRE e " [l H .
minutes dand one hour. . qd . AN LY SRR W i
- 14 IR ES I S .
o i D A R
‘ " ' oo ] :f'}« ARLen 4 W 3
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were used toy analyze "the data. The covari‘ate'was a readingbachievement
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/ score drawn from a standardized test. One analysis of .covariance was
£ . .o . .« ton 8 e P
f' ' carried out on the total scores on the knowl‘edge items while the other .
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Purpose @d Hygotheses of the Sﬁudy _ ' ) ' ‘ : ) P 4
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a The purpose of the present study was to investigate the effectg of
5, v .
‘& .several instructional conditi,ons on principle learning. The following / - / -
= specific ‘results were hypothesized »“f/, 5; . / /, o
’ S - -
1) Easy principles would ,be mastered more fully thén d’iff,icu}.t / 7 f’/
. 3:4 - .. _' -~ 5 it 'Hv . ; "."::‘l:r ) s s
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‘s principles. ‘(:" A
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(2) Subjects ins!:rucj:ed on the separate concepts contained ’_Ln the

N g o ‘- .
= 7 principles,would perform slgnificaxrtly better than\subJects .

- ' R N
. ‘ - -ql

not receiving such instmction. N } ’

-y e

’/"(3) Subjects ‘givep a statement of the principle and eit'her a
N T

-‘ rationally selected set of examples and nonexamples or one

;

‘ ‘example would perform signiflcantly better than control sub~-

jects who did not receive a statemeni of the principle or any

N /\ \ illu_%tive instances. L .o .

,

i ?4) (a) For a difficult princlple a rationally selected set of
"‘.; ~\ <

3

L Moo examples and ncmexamples would be more facilitative than one

example regar\less of w‘hether subJects had received instruc-

A DRI
N~ . .

tion on the concepts or th.

“ﬁ : (b) For a simple principle a rationally selected set of ‘
! examples and none:,camples would be equally effectives as- one

- . / N -

(34 mcampl’ei if subjects had received instruction on the concepts
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o for the theory of principle learning.

. prfnoiple learning in classroom settings.

.

The results

»

. set of guidelines for effective teaching of principles.

guidelines could be a valuable advance in the theory‘of instructional -

y o contained in*the principle. _However, if,épﬂjects had not
[. . o - -

g{ received instruction on the target conce%ts, a rationally
' - - \ 1.

"fi' 1 jf\ selected set would be more facilitative thanfone examgae.‘

"_'-.'~"’ A ¢ ~ .
{ e B 'i Gagné has stated that principles 'are probably the major organizing
. faﬁtor, and quite possibly the prlmary one, in 1ntellectual functioning

(1970, p. 190-191), Yet‘very little is known about how these important

.‘1: fajtbr are learned: Knowledge of the effect of the instructional vari-

; e

ables.stﬁdied in €his experiment thus could have important implications

-«

The present.study also has potential significance for teachers and

ﬁther curriculum developers concerned with the external conditions of

,

this study and other similar studies dealing with the effect of -

of
inltructional variables on principle learning tould form the basis for a

Such a set~of
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Chapter II S

REVIEW OF RELATED LITERATURE . I

The Nature of Principles . .

" principles defire a more comprehensive concept)
idea,
L) . .

ciplines may be described in :this way:

mathematical statements, scientific principles, and so on. -

However, the principle is not the ‘'verbal statement; it is the

a

expressed in the statémené

"internal state" of the indiv1dual

‘A principle is a rélationship among:' two pr more congepts.

’

Typically
express_a composite

A broad range of phenomena from many dis-

or explain a procedure.
rules that pertain to language, ’
. U
The external representation of a principle is a verbal statement.
"idea"

A ledrned rule is whatyGagné (1970) calls an

«

the individual to respond to a class of stimulus situations with a class

of performances" (p.;l9l}.
principle without beiqﬁ'able to verbalize a statement of it.

[ » .
example clarifies,these issues: ) J

The learner may even acquire a particular

Al

Gagné's
¥

“.. . “~

The 1ndividuaI responds ‘to a class of stimulus ‘situations (2 +

3, 3+4, 7 +’5, and so on) with a class of verformances (3 +

2, 4+ 3, 5+ 7, and so on) that are predictably related to the
stimuli of a. relation that may be expressed as "independence of
order." The rule that governs this behavior may be represented
by the statement, "adding the class of numbers a to the class of
numbers b is independent of the order in which a and b’ are com-
bined." It may be noted that we as external observers4may
represent the rule by this verbal statement. In fact, we must . .
represent it in some way if we are going to talk about it. ~How-
ever, we do.not know how the individual being observed would
represent the rule, and at this points.we are nmot concerned with
that question. What .ls Observed is that the individual responds

'an inferred capability that enables .
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l, ’ ! > -
_regularly to a large class of specific situations; in other
words, he agplges a rule [pp. 191~192]

»

An individual's undexstanding of a principle may differ from the

meaning of that principle generally accepted by his or°her society.
. \ .

- L]
s . \

. Thus, prinbihles function bgth as mental constructs.of individuals and

as publicly defined entities (Klausmeier, Ghatala, & Frayer, 1974).
It is, of course the publlcly defined meaning of a piinciple that is \
taught in the classroom and presented in reference texts.'

Klausmeigt and Goodwin (in press) have identified six dimensions
along which all principles vary. ?he authors consider theSe ‘to be the
defining attributes df the term principle. These.dimensions‘are:
learnability, the ease with which a principle can be 1earned; usability,-

the usefulness or range of applications of ‘a principle in reasoning or

T g

understanding new phenomena, validity, the extent to which experts

! ‘! i

xagree on the meaning of a principle; generality, the degree to which a’

principle subsumes othe; (subordinate) principles and concepts; power, '

|
-

the extent to which a principle facilitates or is essential to the

]

learning of other principles; and structure, the nature of the relation-

ship of the conéepts contained in thekprinciple. '

. Once an individual has learned a principle he or she begins to =~

" exhibit grinciple-governed_behaviqr. That is, in Gagné's'(l9745'words,

the‘individual tegins to respond to entire classes of stimuli with

classes of responses.n o¥-example, the individual who has learned the
rule of "indegendence of| order" will be able to apply that rule td any
combination of numbers in any order regardless of whether the situation

is novel or one with which the learner is familiar.

'Learning a principle|also provides the individual with a basis for

LY
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general sense upon the structure of the principle. The.first has been

. . ° @ Lg 9 L]
° .
s

solving principle-related Quest;ons (Klausmeier, Ghatala, & Frayer,

i

1974). The principle becomes a tool for reasoning in these situations.

Thus,"if one has the concepts of désert, irrig;tion, and alfalfa and -
if one also understands various refgtionsﬁip; among nutriéﬁts, water,
ané alfalfa,,one can predict that alfalfa will grow in a desert region
when water and certain nutrient; are supplied under proper

< .
(Klausmeier, Ghatala, &, Frayer, p. 169)s Obviously, the more usable

coyditions"

and powerful a principle is to an individual the more valuable it is

.

as a cognitive tool,§ P

Summary. A principle is a relationship amdhg two or more con-

¢ » -

cepts. While principles are generally represented by verbal statements,

it is the. idea expressed by the relétionship and not the verbal state-~

ment which actually constitutes the prinéiple< Principles vary among

v

each other aleng six dimensions. These dimensiodzhz?ﬁ léééﬁgbility,
usability, validiiy, generality, power, and structure. After a
prineiple has been learnéd'the«individual is able to apply the principle ‘

to novel situations and also to use the principle as a cognitive tool” , . ’*

for reasoning and understandiné.

Classifying Principles

- -

As was pointed out in the previous section, a great variety of *

phenomena irom disciplines as disparate. as religion and sports are
4+

. ? 8

called principles. This divers'ity makes a meaningful classificatién of

~

principles across subject matters difficult to defive.

’

.Only two

,classificatiqn schemes have been proposed, both of which aré'bhsed_in a

‘ proposed by Klausmeier, Ghatala, and Frayer (1974) and the second by

.Gegné (1970).
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-

Klausmeier, Ghatala) and Frayer suggést that principles ‘¢an be

-

classified on the basis- of the general type of relationship that they

express. Four classes or ‘typés of principles are defined in this way

by the authors. These types are causal, probabilistic, coﬁ%elational,

and axiomatic. The first three imply specific relationships. C&usal

principles .express a cause and effect relationship and can be stated

in an "if-then" form.
!

of a particular event occurring and permit actuarial prediction.

Probabilistic principles‘express the probability

Correlational principles express the likelihood of tHe joint occur-
[ v

rence of two or more events. The fourth class1§ication, axiomatic,
. 1on,

.

- '\I . !
does.not imply a particular relationship. Axiomatic principles are
\

defined simply as principles that are stated as "givens" in the form

of generally accépted axjoms. The specific relationship expressed by

an axiomatic principle may ‘thus be anything other than causal,

probabilistic, or correlational. .

*
L]

Klausmeier, et al., include a variety of examples to illustrate

»

A few of these examples follow:

their classification schema;

Causal: Tubercu1051s is caused by the organism myobac terium
tuberculosis.

Probabilistic' The probibility of getting a head on any one :
toss of a coin is .50, given that the coin is ‘fair,

Correlational: Sample correlations between' two sets of scores

~ 'on standardized reading achievement tests of the same

children taken at yearly intervals during the succes-
sive elementary—school years range from .70 to .90.

Axiomatic: .®ouns can ‘be classified according to their use in

a sentence; nouns are frequently used as the subject
of a sentence or as the direct or indirect object of
a verb. . ‘

Undoubtedly, the majority-of'pninciples taught in the classroom

fall into the axiomatic. classification.

0

L

Bernard (1974) Jas identified

v,

L3
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' geveral subclasses of the category which lend suppert to this idea.

These.subclasses are what he calls fundamentals, laws, riles, theorems,

) ~
¥

and axioms. | L ’ Y

A . *
o .

.
-’

r

~

~

/e

- Fundamentals are principles which are essential to the basic
3 N
structure of a discipllne or philosophy. Such statements as mechani—a
. . PO N . .

zation is the secret to America's greatness'" or "all men are created

equal" would .be classified as fundamentals. DLaws are either scientific

‘.
.

laws stating rela&ionships among physical phenomena such as "enthalpy 7
is the internal energy of a system'plus the Product of the pressure,and
volume;of the system;" or gocietal laws which dictate conduct. Rules
are'primarily principles related to lanéuage arts, for exaﬁple%,rules\

of punctuation. However, tke term also can be applied .to informal,
personal statements of behavioral expectarion such as "wash [your] hands
before ing to tﬁ% table." .The terms theore;s an' axioms refer pri-
narily/;o mathematical statements, although axioms also can be used inw

‘

.

reference to what most people regard as 'common sense" truths, for

. . -

example, "nothing is as dead as yesterday's newspaper."
.o N

Gagné's (l97G) classification system is less sophisticated than

that developed by Klausmeier, Ghatala and Frayer (1974) but in some

ways 4t is a more useful framework w1th1n wh1ch to~ consider how . &

: ' J‘J‘

principles ‘can be taught most effectively. However, the two are not ﬁf
C ‘ > :
mutually exclusive, and Gagné's sthema can be seen easily as a fﬁrthéf

way of clazfifying each of the four types of principles Klausmeiegjé_
5

_lf describe.

:.'
g o
{ * _:

.

. Gagné distinguishes. bet%een what he calls "simple" and "Qbmplex

principles (rules in Gagn 8 terminology) The\distinction is in part

:simply a structural one. The more complex a principle the éreater the

- !
N ; ~

Gohe

H
5
5
. ' ' ) ‘ f .
~ 91 ! L
: ‘s % .
i “ n,\i; “.
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ts/f which it is composed. The structurally simplest

’

principles relate only two concepts in an "if A’ then B form."; The mere
c9mplex principles may even relate two or more simpler rules in addition

- . 3

to‘a laxge number of concepts. . . : o

. . . -~ - . i A ‘ s .

T Complexity is also defined by Gagné in 'terms of ‘abstractness.

4 ° .
Complex rules involve subtle discriminations and abstract concepts (pre-

.y : s .
sumably concepts for which there are few readily perceptible instances ‘in

e,

. the‘environment) Simple rulés do not 1nvolve subtle discriminatiofis and
o K .

rel%ﬁb‘concepts that are not considered abstract. The simplest rules,

according to Gagné, are the ones which the young child learns. e

<

¥
¢

: X R
the dual combination of formal structure and®abstractness to the determi-

¢ . ¥ ' ’

‘ -nation of complex1ty are the follow1ng'

¢ -
| L]

T ‘Simple rule: Round things roll - .

T . Complex rule: Metamorphosis occurs when the larva of an insect
' i . turns "into a pupa. .

&

,‘\\,\v:.-d; K

. Examples of what Gagné calls a simple and a complex rule which show

° s

-

R

adans T “While the\humber of concepts (or simpler rules), of which a .

¢

-principle is composed is an objective and easily applied measure of com-
o plexity?kabstractness is not. The degree of abstractnegs ‘of a rule or

concept must depenﬂ upon the particular society one focuEe on, a

G - L

. \ ‘
particular individual's experiences within that socilet:yx,I d a good deal
. - \ -

of subjectiye judgment.: While a lawyer might considgr?the terme enthalpy

+

highly ahs@ract and difficult to understand, a physica chemist would |
 not. Without an operatiofal way of defining ‘abstract ok complex GagnéYs'
. i t

' A - i . ) LS
sch@ma becomes less, useful than it potentially could be.x
g . Summary A great variety of statements are calied péinciples.-tTwo

generaL schemes have been proposed for classifying t?
W)y

‘e .

Thc first, suggested by Klausmeier, Ghatala, and Frayer (

I
w‘ i « 3
, N P : a @
. s .
O A . » D2 . i

i

? o s N . ‘
. < v . . ,ﬁ\ , \ ’
* ) . ‘ [ 3

S ataments.

I

3 categorizes
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principles on the basis of the type of relationship that they express.

) ' - ‘. — .
Four types of relationships are mentioned: causal, probabilistic,

F

4 correlat nal, and axiomatic. The second, suggested by Gagné, classi-

fies prificiples in terms of compIekity. Thef more complex a principle

the greater the number of concepts it relates and the more abstract
ﬂmwﬂ“‘?l those concepts are. \
' .

The Learning of Principles
o - - [ .

Being able to recite the statement of a principle does not ﬁmply
that the_principle_hés beeh learned. The statement of a pr%ncig}e c;n
‘be rotgl§ mem;riéed witlout the principle itself beihg'attained.
ﬁather; learning of a principlé implies that the ideq_egpregsed by the

principle has been meaningfully understood and that it .can be applied

AN 3, .
W .
Ausubel (1963, 1968) and Ausubel and Robinson (1969) have described

or demonstrated.

internal mechanisms and prerequisite conditions that underlie the méan-
ingful learning of Efinciﬁies, or "propositions" in their terminology.

The major prerequisite condition is fhat the prbposition must be relatable
to exiéiing facts, concepts, propositibns, theories, and réw.berceptua;
data in.what Ausubel gt Ropinsén call the learners' existing "cogéiﬁiQe
structure." If fﬁg/;::amaterial is relatable in,this way,“and the learner .
is motivat:a to do hé, the proposition will become meaningfully ’

incorporated into his or her cognitive structure and hence learned.

. ‘There are three general typés of relationships that &an hold

‘ ‘I .

between newly acquired propositions and the learner's cognitive structure
according ﬁo Ausubel and Robinson.- The first kind of relationship is a
- Euborainati one. This is the most common relationship existing between

. )
. ncw material and establighed ideas. ‘When a subordinate relationship is

03

ERIC -2
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formed,'the new proposition becomes subsumed under existing and more

inclusive ideas in cognitive structure. Therefare in turn two kinds of

. subsumption, defined by the type of material being incorporated. In

, derivative subsumption the new proposition is merely an i1ldstration of

) ’

" an already establishdd, more inclusive proposition, or can be derived

from an existing proposition. In correlative subs&hption, however, the e

r

new material elaboratesy extends, 'modifies, or qualifies previously

learned ideas. Fdr-example, if an individual has Mearnéd the concept

-

. parallelogram and then learns the proposition "the opposite sides of a
parallelogram are equal in length" by relating the .proposition to his or
her understanding of what a parallelogram is, the individual's concept
of parallelogram will te modified and extended. ‘

The second type of relationship that can hold between new material
and the learner's cognitive structure is a supraordinate one. Tne new
materia] wﬁ}ch is* incorporated stands in a more inclusive relatiomship
to existing ideas and, once learned, subsumes those ideas. The supra-
ordinate proposition may be devéloped inductively from existing sub-
ordinate material or it may be simply presented to the learner. This
latter approach, Ausubel and Robinson noint out, is the method typically

’

used by teachers and textbook_writers. General and inclusive material

X

.

is presented first followed by more particfilar and subordiqate'ideas.

The third and final type of relationship, combinatorial, results

.

, .
when a new proposition bears neither a subordinate nor a supraordinate

‘relationship to existing cognitine,structure but does consist of -a

combination of “previously established ideas that can be related to a

-

broad background of material in the learner's cognitive content.

v

. ‘ :
Ausubel cites as examples literary metaphors and scientific models. He

)




desgription of what he feels are the eight basic types of learning. -

“association, discrimination learning, concept learning, rule (principle)

. occurrence; and each one involves a different internal capability on the

suggests, for instance, that to explain the derivatibn of the perioq of
- L

a pendulum one might. point out to students well versed in both geometry \

and Newtonian mechanics that the pendulum can be considered structurally ) k
3

equivalent to a line segment and a Newtonian particle. Known principles, ’

)

relating to geometry and the movement of Newtonian particles can then be
used to explain the formula for the period”of a pendulum.

Gagné (1970), like Ausubel’and Robinson, also argugs that principles
- H .

must be re1atable to previously learnedamaterial if they are to he . . . .
meaningfully attained However, he makes his point sdmewhat moxe
precisely by stating that ‘it is the concepts related by the principle p

: " .

which.must have been learned previously for thevprinciple itself to be

Ae

meaningfully incorporated. : S ST s

F
A

The idea that learning subordina ncepts is an essential pre-
ﬁ%ﬁgp pr

requisite to,principle attainment follows directly "from Gagné's —--

1
'

These are signal learnin;, stimulus—résponse learning: chaining, verbal

>

learning, and ptoblem solving kGagne, 1970). >

According to Gagné the eight types of learning are distinguishable

P

from each 6ther in terms of the conditions necessary for their

part of the learner. The internal capabilities, and hence the corres-

Y

poiding learning types, are hierarchical and cumulative. With one ’,

exception (signal learning is not a prerequisite for stimulus—response
learning), each capability is-a prerequiS1te for the next higher-order

capability. Thus, concept learning becomes a prerequisite for rule

learning, which is in turn a’prerequisite of problem solving.

20
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"The model of concept 1earning and development (CLD) prgﬁosedvby
. ! L

Klausmeier, Ghatala, and Frayer (1974) likewise indicates that'individual

«

concepts must be learned before ‘any statement of relationship among those
- i-
concepts can’be understood and used. Moreover, in a cross-sectional

\
N '

\\stndy (Klausmeier, Sipple, & Allen, 1974a,b) designed td validate the,
) * ‘ v -

re

i concrete, identity, classificatory, and formal

3

model direct support for this central i¥ea was demonstrated.’ Y

S

Briefly to reiterate (see Introduction), the core of the CLD mo%;l *‘ﬁk

o . s ,‘4

aconsists of four success1ve1y ‘higher 1eve1s “at which concepts may be -
. . ¢ . .-
attained. Each successive level represents knowledge about concepts av
a higher degree of inclusiveness and abstractness. ,ﬁhe 1eve1s are
. . . . ' .

The cross-— sectlonal study carried out to supply external vallity =-*

for the model involved about 800 students from four grade 1eve1s

garten, third, sixth, and ninth grade). St&Hents participating in the |

3

stndy‘vefe drawn from the-public school population of two suburban 3

s 4 v a4 - . I3
Wisconsin communities and they were judged to be typical of sﬁgdents-from

3

-

similar communities.thréughout the state. Principles were

&

three substantive areas and they wefEJGn general axiomatic.

of the major or key concept in each principle as well as knowiedge of the

- I >

prinoipleJitself were tested. A typical principle with maJ conoept

¢

underlined, is the following: All equilateral triangles ale similar in ,

shape. ®

. : <
e ’

until the major coniﬁpt contdindd in a principly was &ttained at the .

classificatory lefil vere even small proportions ofi students able ‘to

-
o ~ I |

answer questions correctiv'ahat tested their knowledge of and abilitv to

(Xinder~-

h

av

"apply the principle. Two conclusions can be drawn from this finding# Kzz;js
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First, at least the maJor concept (or concepts) of 'a principle must be

N <

.

- E

familiar to the learner if ‘the principle is to 7e.mean1ngfully learned. - \

"Second, the.key concept(s) must have been attained at least at the

kA3

N
\

N i “classificatdfy level ahd preferahly at the formal.
' "In—addition to stating that the concepts related in a principle

-
. ®* .
-

Y . e B - . » i
: ‘> must be known to the learner, Gagné (1970) has alsokfpecified»several
L v . ' - . ) , \\
" conditions within the learning situation whith must be met gor principle

learning to take place.- The first type of condition Gagng calls an
A . H

-2
internal conditicn of the learner, Conditions related to the learnlng

-~
~ ~

~ situdtion he refers to as external conditions. External cqnditions are

essentially instructional variables. ‘

.

The external conditions which Gagné sees as important in pripciple

learning, presented in sequential order, are the following:

. _ . (1) The general nature of the desired terminal pérformance in mest

cases whould be ‘stated. This serves a dual purpose. It insureg

that the learner will know when he or she has finlshed learning,

5.

-and it provides the learner with a means of obtainihg immediate

e

reinforcement for the desired terminal act. The\principle itself beH
. g2

- is not stated;'only the kind of pérfornance that\gﬁll demonstrate

~
N

its attainment. For example, an instructor teaching the principle

" "round things roll" might begin instruction by saying, "I\want-you

to answer the.question, 'What kinds of things roli?'."
- (2) The Iearner should be encouraged to recall relevant concepts
(“\ S ~

“~ ‘\ N \‘\\ . . N

~

related. in the principle. S ;

~

™~
3) Verbal cues\for the\pfinciple as. a whole are given, which,

~

. depend1ng‘on length, ymay be an exact verbalization of the principle.

. . o o ~
If the principle is very complex it may be necessary to break it

- . -

into simpler parts and present each part separately. A

¢ - ’ .

’
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(5) (Optional) The learner is asked tofstate the principle. This § E

: fde )
_condition is included only so chatrthe learner will be able to dis- } .-'

.
’ 4 -

cuss the principle using complete and accurate terminology at some .i co
. e i 4

later date. Gagné makes clear that it is not: an essential part of e T

' ':/ " "; ]

. . L G T 4 R
principle learning itself. i, iy .

4

The importance of providing,-w1th a statement of the principle, , .H . b

_..~ .r . 4
+

labeled examples (oorrect applications) and-possibly nonexamples (mis—‘
et : P o
applications) for the'learner to s;udy is not discussed by Gagné
.. - “' - S, / /
However, he: does suggest that when_the concepts related in a principle

_,r 9.

12
have been(thotougﬁly‘learned the principle itself can be attained from

‘”« e / _',-«-) - =

1ts statement alone and on a single occasion. ~Gagné (1970) points out

,,\.._—- ~ ‘

tha\\fgx adbl;s (and.presumably many older children) the external condi- L

——

A e

ions of principle Iea./iné are often reduced to printed statements of
‘-w,ﬂ/'/ . :
the prihéiﬁiig,inftexi aoks If the concepts related in the pr1nc1ple

. 3 .
have been wellfléarged,iGégpe argues, ''one may suppose that the adult
1)

CYAC 1 . ..

who has the intentioa to dosao can learn the new rule entirely from rhe
A

2 T 3. hd

» JiH i
verbal statemen%AtSe‘lf"‘ (G B e, 1970, P- 197). . L

oo rd

§E____1: Q\\r)pciple fs;said t0fbe learned vwhen the idea expzessed -
by the principle is meaningfuliy ﬁnderstood and can be‘applied ;r demou:ﬁ:‘ . |
strated. Internal and/or‘egcé?ﬁai condﬁtions of principle leé;ning have \jﬁ\:-ﬁ~
been described by Ausubel and R;bgnsén (19593 Gagné (1970) Land .‘ o ;\z

. /‘. A . . \

Klausmeier, Ghatala, and Frayer (l974) The maJor internal condition,_ - Nl

/ H

are related Jdn the principl must be atta1ned (at least at the classif; . ..
%‘:‘ A':‘ , sfi . L", ’ .

N
- i . - . ,

S iy
° T
. N ‘ ‘)6 - . . s
- IR C o
. . . o .
.
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\ ¢ ' ’ .
_,3////:;:§ry 1eve1) before the principle can be meaningfully incorporated.

- i -

Externjl conditions refer to the learning- situation and are essentially

insteyictional variables. If the major internal condition has been ful-
filled, Gagné suggests, the necessary external conditions reduce to a
statement of the principle. f -

Developmental Considerations T : ’.
Very young children have difficulty understanding relational

/

. structures (Flavell, 1970). . For example, expressions such. as "brother

: . \ - t ) .
N . =~ ,of," "darke&,"ﬁand "middle-sized" are taken to be names for objects

o

- sharing common properties instead of relations between objects. A
. :

‘é youné'child'taught which of two-gray objects is the darker may continue
S .
R Y to select that object as. the darker one even when placed next to a

~ cdhes RS
Wiy P .

} fé%%%a#:__ black object becausectHe adjective "darker is taken to be the name of
b

RS A PR e S SR ,‘ ;
ST it AT N

oL the '6bject~and‘not’a_description of the relative saturation of a hue.

Y 'y “‘W
P f'v, "’ L

Pi et (1928) has attributed the young child's difficulty with the

Y .-

‘-"\&~ Tt v

relativity of relations to cognitive egocentricity. Young children are

. o~ «

]
anable to envision multiple perspectives or points of view and hence

.

¢ misconstrue relations between concepts as absolute classes. ~ )

According to ﬁiavell (1970), children develop a mastery of the\
',‘ \ ‘\,\‘

fundamental propertieg of re1ations during the elementary school yéars,
a1though their abili;y,tp grasp complicated relationships involying

e 3 “

e . <\
sophisticated reasoning may not develop until adolescence. Suppért for

2 this contenti0n comes from the research described by Klausmeier, Sipple 14
: - and Allen (’97La b) discussed earlier. The authors report that the -

. number and proportion of students successfully able to deal with 1—
’ \
! questions designed to assess cognition of pr1ncip1es increased

« v - -i-." - Y -t

- G
b \\’/‘ooitive{"hith age. By the ninth grade the majority of éhildren w%re

1

i2~5 | P Vo

PR provand b N ¢
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dble to'answer principle-related questions correctly. - " -
It is important to point out, however, that the research reported

by Klausmeier, §ipple, and Allen involved no specific instruction The

principlesvtested for were not first taught to the students as part of

the»research. Rather, the students were asked questions which could be

answered correctly only if the principle upon whieh they were based was t

-

known. Thus, this research should not be 1nterpreted ‘to mean that .
b

children below the ninth-grade level cannot be taught principles.
4

4
]
|
1
|
}
|
4
|
i
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? Summary. Very young children have difficulty understanding %

’ . :
relational structures. However, they appear to develop mastery of the |
|

l

|

|

|

|

|

|

1

|

1

|

fundamental properties of relations during the elementary school yéars.

1

“

Research Related to Principle Learning and Teaching o
-
There has been very little research reported dealing&directly with

{ L

principle'learning,or teaching. As Anderson (1973) has recentlv pointed

out,'Nhis is a topic about which pitifully little is knong (p. 26). =

In this section the work which has been undertaken in the aréa will be

~ -
»

discussed
- P ‘
[A series of three studies carried out by d;;nziénd associates has

‘focused on the effectiveness of practice examples that demonstrate
application of a principle. Gagné, Mayor, Garstens, and Paradise (1962)

studied the effect of the number of practice examples provided for sub-

i

jects Subjects were 136 seventh—grade students who worked through a

learhing program on the addition of integers. The program was broken

AR

/,‘-' Z "

down\4 0-& number ofi"subordinate knowledges "that were the principles

V,"'/ -7 f ca-F -
upon which theAﬁinal task integer addition, was-based. After each sub-
- Yvﬁ' . . N
. orddnate knowledge was mastered, subJects were given either one or two
practice problems)to which they,were to apply the.principle (low

]

0 i
L . .
S < jq
. A

.
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_:--repition condition) or'four or five times as man&'praetice problems

e
. ) —

Y

(high repition condition)

At completion of the learning program tests of both subordinate

knowledges and final performance (integer addition) were administered,

.* although the authors reported results only for final task performande.

&

Overall, there was no main effect for'nhmber of practice problems

S ~

provided. When the high repetitiQn\eonditiOn was coupled with a guid-
qﬁhe treatment in which subjects receiyed guidance on how to integrate
the material they were reading, performance was found to be better

than that of subjects in a low repetition—low guidance con?ition. Howi
ever, treatment programs varied in length, high repetition-high guldance
being the longest while low repetition-low guidance was the shortest.

A

It is possible, therefore, that the difference found between these

,treatments was due to the additional time spent working on the material

and not to tMe number of practice problems and amount of guidance

given.  ~Indeed,. the authors concluded" that the overall effect of these

<

variahles was weak. '’

Gagné et al. (1965) investigated the effect of the amount of

variety in practice problems provided. Subjects were 90 sixth-grade

‘students. The.learning task was a set of programmed self-instructional

booklets on non-metric geometry. Again, ‘the task was divided into a

0
%

series of subordinate knowiedges for which problem examples were pro-

vided.« Many'of the subordinate knowledges were principles. - Variety
. . P ' -
in the practice problems constituted the experimental treatment. As -

in‘the‘earlier research, practice on thése problems was provided only

v 4 e

after initial attainment of the»subordinate;}aéks. "
/ Three levels of variety were used, defined as follows: El - .?'

b ~

. :31- , ‘

————
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practice examples minimally different from those used to induce initial

LK

attainment (minimal variety); E2 - some El examples plus some of inter-

mediate difference from teaching examples (intermediate varlety); and '
E3 - some El and E2 examples plus some that were of maximal difference
from teaching examples (maximal vairety). The difference between
practice examples and teaching examples was deflned in terms of the
context in which the principle was to be appliedL The number of f‘;
examples was held constant acroes treatments and ranged from three to"
twelve depending upon the specific suhordlnate knowledge illustrated‘
No differences amoné-treatment'groups were found on a test of sub-
ordinate knowledges (or on.a\tes; of final tash performance) administered
after completion of the learning program. Mbreoﬁer, subjects in the
maximal varlety condition performed no better than control subjects who

had received -either no practice example? or irrelevant practice examples.
/

.

Gagné et al. explained these results by suggesting that the nature of

- =3
Y

“the material was so simple that additional practice examples were not -

. needed after initial mastery.

An interesting follow—up to the Gagné et al. (l965) research was-

reported by Gagné and Bassler (1963) Nine weeks after the study

-

described above was completed retention of the final (most complex) task
taught and of each subordinate.skill was measured. The regults were
L T ‘ " that while there were no differences among means for retention of sub-

-

ordinate skills due to variety (or number) of. practice examples, there
was a differénce for retention, of the complex task: The minimal variety
group had a significantly lower mean score on, the complex task retention :

test than 511 other groups, lower even than subjects proVided with no :

.practice examples. ‘ - ’ ' o
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grade subjects read self-instructional programs which presented 20

- principles to work on. , AR

1
,NA

Traub (1966) reported a study in which a variety of subskill

practice problems affected immediate learning of a complex task. Su -

skills were rules for carrying out graphiciL,llnear addition. Sixth-

heterogeneous subskiil practice problems, 20 homogeneous subskill
problems, or 20 irrelevant problems. After completing these problems

subjects then worked 26 problems dealing with the complex task.

i

L4

Probleg heterqgeneity was defined as variation in problem context and

type © correct answer. Heterogeneity was achieved by varying the

. portion of the number line employed and the size and sign of the

L3
b v

correct answers.

Subjects, who had been given heterogeneous snbtask practice prob-

lems were able to solve significantly mote complex task problens thin

- either of the other groups. Subjects in the homogeneous .and.

irrelevant groups appeared to adopt a problem solving strategy that

>

resulted in a stereotyped error or else they gave no response ‘at all.
A final study similar to thosc reperted by CGagné and'Tradb Was
undertaken by Gibson (1970) SubJects particfpating in this research

third- and fourth-grade students, were given instruction on a unit .

dealing with decimal numbers. The.unit was divided into three.sub—
. -

skills (principles related to aecimal numbers) which were ta&ght.tg

_the subjects by their'classroom teachers "in the usual mannerh", After

. S siiae
init{al instruction on each subskill a proficiency test was adminis—

tered, Subjects unable to pass the proficiency test were given ‘addi-
tional instruction until they .could do so. Upon passing the proficiency
/. . <

test subjects were given practice examples (applications) of the

. N
- N . 'S A i
J - = )
« e
. .
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- Practice examples of the principles varied in variety and number.

Variety was 'defined as 'the amount of diversity of context, form,:and

3
[ u

gwording among the‘examples which involved .application of the sub- N T

- ordinate principles during the practice period" (p. 7 ). There were

two levels of variety: broad and narrow. Narrow variety examples were

similar in form to those used on a final posttest. Broad variety were

t

not. Subjects were given either 10 or 25 ptactice problems. o

Five experimental treatments were defined by the number and type

- of practice examples giverl. They were: broad variety, many examples;

broad variety, few .examples; narrow variety, many examples; narrow
variety, few examples; and control, no practice examples. Four assess-

- ment tasks were used to measure treatment effects: an:immediate learning

r -
2

test and a retention test that reqeired subjects to recall the principles,

N

»and two transfer tests that required subjects to apply the principles in

-

_‘novel situations.

4

Mo differences ¥rexe found among treatment groups on any
Vs

of the assessment tasks.
1

The results of the series of studies reported above are disappointing.
- . Apparently, the_pumber and the variety of practice examples of a principle
do not affect the learning of that principle, although these variables may

facilitateilearning f a supraordinate principle. Perhaps the critical

K3 .

. 3
factor here.is that none of these studies looked at instructional variables .

v [

related to initial'learning. Practice examples were always given after

the principle had been taught; and at least in GibsOn s research, mastered:
It may be that only variables operative during the initial introdhction of
a principle have a significant effect upon 1earning, ’ ' .

Two studies that focused on—instrﬁctional variables associated with

the inivipl principle learning~-teaching situation have been reported by

S . ' . 3‘1\
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¢ Gagne and ‘Wiegand (1968) and Anderson (1973) Gagne and Wiegand'e

-

ot research looked specifically at the internal and external conditions of
principle learning that Gagne (1970) has discussed: Fourth-grade,
subjects were taught principles composed of two elements, a "thing" (a.
drawn: shape) and an "acti?n" (such as underling the shape). During
Jprelearning the individual elements of the principle were taught. Each

thing -or shape was associated with a name (a nonsense syllable) and‘

\ .7

. subjects learned the assoeiation between shape and name by studying
fouf.labeled examples of the shape which varied along irrelevant dimen-
s&ons. Actions were taugnt by requiring sunjects to do whatever the
action was.

Subjects learned the‘piinciples.themselves om a printed, self -
instructional booklet. Eech page presented a different principle, and
subjects studied three, five, seven, or nine brinciples depending upon
.eondition.. At the top of each page a previously learned shape was
f%rst presented.and identifie&, e.g., this is a nob. Following ‘that
thews;atement of the principle was given, such as, a nob hae a.circle

aafound it The principle:was then illustrated, and subjects were
.instructed to draw the principle themselves. Subjects studied the
principles at a rate of ebproximately one every 15Eseconds.'

In Gagne and Wiegand's experimental procedure can be seen eaeh of
the conditions of principle learning that Gagne has ppstulated to be
*eeeenﬁialii Subjects werelteught the concepts (elements) related in the
pr;nc}pie,_enqou;aged to recall those concepts, g;ven a statement of the
§rincip1e, and then réquired to demonstrate the principle. The authors
report that ehis procedure was highly‘succeesful. 'Subjects learning up

¥

to five principles at a time were able to recall and demonstrate the

¢




. - - ]

- it

'prinoiples‘hith 100% accuracy on tests’of immediate recention.,

<A

- Yy It is important to;point out, however, that in terms of both

number of subconcepts and abstractness the. princlples Gagné and Wiegandﬂ

T o8

-xnught must be classified as very simple. They were’ composed of only ,

N

’ two concepts and For both of those concepts there were readily

s

perceptible examples. If the principles had been more difficult or

<

‘somplex, it -seems unlikely that they could have been grasped in a
single lS—second'trial and by the use of a single teaching example.

’ Supporb for the idea that difficult or complex principles cannot

»
i

be taught by s1mply presenting the pr1nc1ple and one example of it

~o

comes from'the research reported by Anderson (1973). Using printed )

-

3
o

» materials, Anderson attempted to teach the principle "intermittént re~

inforcement causes resistance to extinction" to high school students.

?

‘ The principle is composed of five concepts, all of which could be con-

.

' sidered relatively abstract in terms of the naiveté of the subject
e ’ - .

populat:Lon. .

-

. N - !
> N n

Subjects read a three-page passage dealing with the principle. The

first two pages introduced the component concepts. |, The third page

144
‘o !

explained reinforcement, the principle itself and presented one example,

The third pAge for“a control group contained additional material on

,~classicaI c0n‘ition1ng. After reading the passage all groups took a
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A ‘ , Indications of the type of additional ipstruction needed to teach
di@ﬁicult of‘complex principles comes fromwé body of recent liggréture
dealing Qtthzthe teaching of defined cohcepts (Feldman, 1975; Feldm;n
. &3%lausmeier,'l974; Klau;meier ; Feldman, 1974; Markle &-Tiemann, 1969;
‘ Meﬁ¥ill & Tennyson, 1971; Marklé‘& Tiemann, 1969, 1972; Swanson, 1972;a
Tennyson, 1973; Tennyson, Woolley,.- & Merrill 1972). Defined concepts
o, re%ate.two or moré simpler concepts in their definition. ﬁecause of
this they can be considered in a formal sense a type of principlé,
(Gagné, 1970). ~it is reasénable E; présume, therefore, that variables

%hicb are effective in teaching defined concepts would be effective

oo ~ likewise in teaching principles.

<

As reported by Kladsmeier and Feldﬁan (1974), the instructional

;variablgs found to be most important in teaching defiqed concepts are

/ the following: . <
7 - . s T

‘o e - 1) a rational set .of eiamp}gs and nonexambles of the concept;

‘ fo? 2) a definition of the concept stated in terminology that is )

d : ' :
appropriate for the age level and abilities of the learner;

and : T
3) cues or emphasizers, such as arrows or attention directing
‘ :

\\_ ) review questions,.that. draw the learner's attention to the

= R
relevant attributes of the.copcept.

. Of thé above variables, possibly the mos?ﬁ%ﬁportant in ter?s'of'
instrucgionql design is th; idea of a rational set of é;amples and non-
examplés. Originally conceived Ber;;kle and Tiemann (1869), a

rational set consfists of .enough concept examples to vary each major

) irrelevant attribute of the conéept across the set, and enough non-
/o ks . R ) » - ) £

v

°

-examples so that a nonexample which lacks each relevant attribute
3 . "

R T oy
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(while possessing as many of/the other relevant attributes as possible)

. - t .
.. /;s presented. Thus the number of instanceg in a rational set if

/ ‘ .

specific tq the particular concept being ta

t and' determined by the

i

number o§;relevant and irrelevant attrj utes associated with that con-
ceptjﬁgirrelgyant attributes argidefined as those properties which may
) .

or may not Be common to every example of the concept while relevant

LI Vs ' e .
attributes are those properties which are common to every example and,

therefore, define the concept. . .

A rational set of examples and nonexamples for the concept equi-

lateral triangle is presented in Figureil. The examples vary in size,

spatial orientation, and whether they are‘solid or line drawings. The
nonexémpieg are constructed so that eaéﬁ of the relevant attributes of
the concept (closed figure, simple\figure!‘three straight sides, sides
qf equal lgggth) is systematically excluded.

Merrill (1971) and Tennyson,.Woolley, and Merrill (1972) have

refined the idea of a rational seQ\somewhat by pointing out the

-

usefulness of matching teaching (lé?eled} examples and nonexamples

‘ ) /N, .
whenever possible on irrelevant attr%butes. This serves to focus the
learner's attention on the relevant attributes of the concept as they

constitute the only difference bétween the instances. Of course, if

-—

. the number of examples and nonexamples in a rational set is not equal,

it is impossible to match each éxample with a corresponding nonexample.,

However., across the set examples and nonexamples can“bé‘ﬁ?ed that

3 e
share irrelevant attributes. - T
’ ~
i <
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Figure 1. . Rational set of examples and noneéxamples
\ for the concept equilateral triangle.
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Klausmeier, Ghazala, and Frayer (1974) have pointed odk'qha;;ps an

organizational first step in constructing a rational set and geleétinfg
an apgropriate,definition'}t is”ﬁélﬁful to carry out a "concept

-
,A

. ' . k] N . 4 o . 4 - -
analysis.”" Such &n analysis consists basically of listing relevaq& and. ' .

P4
~ [

major irrelevant attributes of the concept and specifying a concept ) !

@' i . . .0 e ;5“ .
definition in, terms of the relevant.attributes. On the basis ,of the

[ . R &

1ist of rellevant and irrelevant attributes it is a relatively strg%g%’b

s . * * & .

1
.

forward matter to select examples and nonexamples for a rational set. o

Additionally, the definition stated in the analysis can be modified.as

v o

. necessary to fit the pharacteris;#ﬁ? of the learner populatioh.'

-

-

Depending upon the needs of the instructor, the concept analysis itself™~" ¢ -

[ N -

can be expanded to include such elements as a list of princiﬁleé of
+ . Y [ - v
, problem solving situations that involve use of the concept. . > . ,

S
»
’ -

Tennyson and Tennyson (1974) have reported two ekpéiépents‘in wﬁ%ch_. DR

‘ S

t

- .

‘several of the instructional variables shown to facilitate the\lggrqing ®

1 . . o ) Cp
“-of defined concepts were extended to a principle learning sitmation. /)

. . 2 ' . M : .

Subjects were high school sophomores who studied two transformational .

)} :

syntax rules: "extraposition" and "it deletion." Both rules could be

L]

ear®

. . . . : ' - ]
applied to the same vsentence and the behatioral objective was that the-‘\
A N L M

subjects wpuld be able to apply either rule correctly when asked. ;The .
. 4 AL

.

two principles were taught simultaneously. .t . \
. ‘vi‘—‘ﬂ 4 o;j ¢ - N . -
The first experiment focused on the display variables of maiching v
v . ~ . . L. o

s

and divergence. Matching,was analogous .to.a matched concepfa}earhiné .,
7. & ; - 3
situation in which an’ example and a nonexample of.a concept are paired ey

]

. - -

-
o, W

on irrelevant attributes and presenfed together. In this's;uq}‘ .

eiéﬁbles (applications) of each rile were” paired on ‘rreléQéqt.atfributes' L

an@ presented simultaneously. The example of one " derved’ as-the non- -
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o

exampie of the other and yvice versa. Divergence referred to the type

of within-rule teaching instances used. A divergent condition was one

L " in which the irrelevant attributes of a rqie were varied across .

. ”

o N . 2
examples, similar to the way irrelevant attributes are varied across
gy : examples in a rational set. On a test requiring subjects to apply each

rule to ten nongrammatical sentences it was found-that subjects who
. . < _
»+ studied matched and divergent rule examples Performed signific%Ftly .
* A .

better than subjects who studied non-paired divergent examples, paifed

non-divergent examples, or non-paired non-divergent examples.

In the' second experiment Tennyson and .Tennyson_ investigated the

.

N \ c
‘ variables of analytical explantion and simultaneous presentation.

N

'y . . .
Analytical explanation was analogous to emphasis from the "concept

learning literature: examples of the rules Qere pneéénted Qith brief

- -
' . s

. explanations. The simultaneous presentation condition Wéé‘identical to
. Y o ¢ el
et ~wwabhe matched divergent condition of the first experiment. Exagplgg of
each rule were divergent and wené‘pxgggnsgg either in pairs (simul-
.o taneous presentaﬁ%gn) or independently (first one rule wagﬁihtrqduced ’
- . -, - . -
o with examples and then the“second rule was presented with examples).

k.3

. ~ a $\
The authors reported that groups receiving a gimultaneous presentation

"

performed significantlyk%etter on a dependent meagpté‘&han groups that
received an independent presentation, .and that grgﬁps provided with
analytical explanations performed significantly better than groups not

provided with such e#planations. Across the two exberiments subjects

«

' parformed best when given simultangoﬁs presentation of examg%es {matched

. a P

. and divergent) with.anaiytic explanation. Thesg subjects responded to

90% .of the items on the dependent measure correctly.

-




While the results of Tennyson and Tennyson s relseart:l{ ig important,,

- s l
k9 ro

in that .the authors have demonstrated .the applicability of c,ertain qon-—
~ ¥ © oA A S A '..._

cept learning fnstructional variables to principle learning zsituatifons*, .

.
3 “" -

L DY N “1
. the results are not easily generalized As T;ennyaqn an?rTennyson poinf
. [ 4 .
3 out, a simultaneous presentation condition necess1tate§ that; the

(3

principles have similar effective stimuli and similar irreleva_nt attrd-

. butes. Pairs of principles bmeeting these criteria can be assumed to be

relatively rare.

¢ <

Summarz. Very little research dealing with principle leafning and

teachigg has been undertaken. Nevertheless, it has been demonstrated
- ’ t . AW '

. | .

. . that (1) additional practice examples of a principle presented after

5 initial@'f"f%n:ing do not affect attalnment of the principle, and

-

(2) "simple'" r1nc1ples can be learned from a statement of the principle
1%

and a single labeled example if the concepts related in the principle

N

are familiar to the students. Indications of the type of additional in-
. ¢ ‘ .
struction needed to learf "complex" principles comes'from the literature

on concept learning. Several of these variables have been shown to

facilitate principle learning® but only (so far) under rather unique con-
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\‘6 k)] . - -
\ ;(‘\ '\‘
; 5\3\-\ ‘e&amples and }onexamples was extended to principles, and referred to as’
~ A kA S v = \‘\ -
BN . e
'\\\\ a ra\f;i.onally selected" set. Based on the results of Gagne and Wiegand
o X e
[ R ‘\\ E-:?‘.' \r : i ‘
SR AN T > v
ERIC./3: \{ S de o
AR e o =
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- _ ’ 33
(1970) and Andetrson 61973), it wag_expec£ed that the effectivgnés; of a
particular instructional sﬁrategy would be dependent upon-ﬁhether an ’
easy or-a difficu1£ principle‘were-being studied.
The following specific resglts were hypothesiéed:
(1) Easy principles would be mastﬁpgg more full than difficult
' " principles. ' :
- (2) Subjects instructed on the separate concepts contained in the
principles would perform significantly better than subjects not
. receiving such instruction.

(2) Subjects receiving a statement of the principle and either a
- rationally selected set of examples and nonexamples or one example
would perform significantly'bettér than control subjects who did

not receive a statement of the principle or any illustrative

instances.

(4) (a) For é difficult principle a rationally selected set of

- o instances woul@lbe,more facilitative than one example regard-

less of whether subjects had received instmuction on the con- .

_cepts or not.
(b) For a simple principle—a rationally'eelec;ed set of‘
instances would be eéually eff%§£ive as one example if subjects
had received instruction on the concepts contaiﬁed in the

- . princiﬁle. If'éubjects had not received instructioﬁ on the

target concepts, -a rationally selected set would be more
. . 4 1]

facilitative than one example.

: ,- P

« - . ‘E 23 '*-1._'17‘,%
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- ‘ . “Chapter III’

METHOD - ; ‘ .

XL
. t.\'.'
v

Subjects N .

- l

Subjects were 159 fiﬁth—grade students, 81 females and 78 males,

from a suburban community "4h south-central Wisconsin. They were of

average ability and socioeconomic status. Reading achievement scores

Y

T L erm e, ;,.‘7*.,—'21"‘ .
-
-

on the Metr0politan Achfevement Test (Test F) which was administered

durln the fall of tha school year were obta1ned.fq; each child to be

257" v

: used as a covariate'in analyzing the results of the study. The

* . ~—
£

average achievement score was +78, which corresponded to a grade -._
equivalency of 5.6., Subjects were randomly assigned within sex groups

o0 an experimental conditien. .
£ ) : .

\ R -q' . ' . _,.-‘
3 " ’ : e - T

LearningﬁTask oo, : - . o e ”

Selection of Prlnciples. An "easy" principle and a "difficult" . A
» AN 8
priﬁciple fromktwo carriculum areas were "used in the learning task.

The'curriculum.areas were mathematics and_language arts.. "Thus, four

differené principles were taught. i : , ; <

. ~

/ d

- ‘ The four princ1ples used in the learning task were selected from
-

‘ those which.Klausmeier, Slpple, and Allen (1974a,b) had employed in

their cross—sectional study of concept attainment. ‘In that research

the

& ’<

pr1nc1ples from three separate curriculum areas, ‘two of ‘which were

;\. ‘a - i ¥ (4
& T .y

Same sub{ects were asked to answer,questions based on several . -

A 4‘135 W T Ty




'ahle to answer’principle related questions within,@{particular ’

., ) ) ) _
_principle from language arts, and the easigstiand most difficult

N e . - - .

mathematics and language arts. The‘percentaée of subjects correctly HA<”,‘-

~ o 4

v -,

rd

discipline varied from principle to,principle'énd also from grade to . _
Faldd *

grade. Thus, it wag possible t¢’order the principles, within a subject

matter ‘and within a grade level according to the,gércentage of subjects ;

/ . ot
(/‘f,/ . A_. .

" correctly able to answer questions reladed to xh

K /' -

. g
For the present research the,principles that generated questions

. l -

which the highest percentage of.subjects.could answer were opera- ’

) P .
< v - 3-

tionally defined as "easy," whilé' those that generated questions which -

the lowest percentage of subJects could answer were operationallg

/"’

defined as "difficult." ,Based on results Klausmeier et al. obtained‘ el
/ : . s
. .- ~ :
from the sixth-grade population, the edsiest and most difficult ..

-

ey, i 2 . , - A . N 1 .
principle from mathematics, were used in the present research.” These .

principles, along with the pefcentages of subjects (frém the~Klausmeier
S - . F e
et al, research) correctly-abie to answepﬂquestions about them, are _~7;
e .. A N .
presented in Table 1. ™. ‘ ) o PP L
. . LM * /

’Principles used in the present research were selected in the above .

manner because this allowed the categories "easy" and "difficult" to be =~ *

A

~

defined operationally in terms of empirlcal results- rather than on ‘the

basis of some subjective criterion. While the subject pool Klausmeier‘

7
.

et al. used was not identical to that used in the present research, it £

was felt that the high similarity between the two in terms of age,
’ ' ™.

abiii , and socioeconomic status justified the use in the present

regearch\of results obtained by Klausmeier et al.

o

Actually, the converse of the eagiest mathematics principle was used
in the present study. Questions related to the converse were identi-
fied by only 17 fewer subjects (54% vs. 53%). As the converse was
stated in .2 form more easily explainable by short, printed lessons,

-it was designated the "easy" principle. _ /

4o - -
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Table 1.
Percentage of Sixth-Grade Students Correctly Able
‘to Answer Principle-Related Questions for
"Easy" and "Difficult' Principles_from

Mathemaﬁics and Language Arts!

*

-

-

Mathematics - "Easy" Principle

If the three* angles,of a jtriangle are
‘equal in number of degrees, the sides.-
of .the triangle are equal in length.

Al

. Statement.ef Principle:

’o

L4

'Perceﬁtage: 537 - "

Y

Mathematics - "Difficult" Principle ';_ - ’ e :

All equilateral- triangles are similar

Statement of Principle:
‘ in shape. . |

r‘-

Percentage: *16%
Language Arts = "Easy" Principle

1

Statement of Principle. A singular noun names one person, placé;
-+~ or thing. A plural noun names more than
one person, place, or thing.

-
Yl

-

-~ Percentage: 38%
i

thgugge Arts - "Difficult” Principle

¢

A proper péun is capitalized.

Statement” of Principle:
: noun is not capitalized.

\A‘cogmon -

~e T
>
c- .t

Pefcentage: 10%

XN

1 e principles used in the present .study and presented'&n Table 1
were -stated in the same way that .Klausmeier, et al. stated them
with two minor exceptions. a) The difficult math:prineiple did
not include the words "in shape" in the Klausmeier research... These
words were added 'so that the sense of the word "similar" would™ .
“correspond to the mathematical deflni;ion of similar presented in
the Subconcept-Training lesson. b) Klausmeier et al. included
within the language arts difficult principle a brief descriptlon
of what a common and proper noun were. In the present nesearéh\
definitions of these words were presented in the Subconcept-Training -~
lesson.

.
| -

"
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< .} It should be noted that the percentage of - sixth-gradetstudents -

I

4

correctly able to answer principle related questions in the Klausmeier

e

- » et al. study does not range from 100% to OZ The range_is much less
broad, and-negatively skewed. This demOnstrates that,. the majority of

subjects were unfaniliar with these principles. Due to the siﬁllarity

between subject populations, it can be assumed, therefore, that the

T _ subjects in the present research were unfamilfar with the principles X
N . . .
as welll - ‘ ..
_/. ¥ R -
N Treatment Lessons. Two printed, sequential lessons were con-

s ':* _ 7 structed to teach each principle. The firstalesson (Subconcept-
Trainingi presented the major concepts related in the principle and was
designed to teach these concepts to the formal level using the
A ' . procedures outlirfed by Klausmeier and Feldman (1974) This consisted
o of defining each concept at a level appropriate for fifth—grade
students (the definifion was set off’in a box at the top of the page),
illustrating each concept with'a labeled rational set of examples and
.nonexamples, and emphasizing the releYant attributes of each concept by
explaining why the examples were example)s and the nonexamples not
. L , : '
. examp les, - T . ,
. The concepts were not presented-in the same order as they’occurred
: fin the prind!ple'relating'them. Rather,'they were presented in a
random sequence unless the sense of a particular concept dictated that

v

J ) certain other concepts precede or follow it.

~

questions dealing with the concepts wag presented. These questions

|

} - At the end of each Subconcept-Training lesson a page of review ) )
| :

t were straightforward and designed to be easily answered... They were

consjdered a review of the material and mot.a test. Subjects were . |
< . [N B
. . . A Y
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encoyraged to turn back and reread relevant material if they had any
- difficulty. Correct answers were presented on the following page to
provide subjects with immediate feedback.

The primary concepts taught in the four Subconcept~Training lessons

- - were as follows:
Mathematics - easy principle: Angle, triangle, side.
Mathematics - difficult principle: Equilateral, triangle, similar,

e e shape.

1]
Language Arts - eay principle: Singular, noun, plural.
T Language Arts - difficult principle: Noun (proper and common),

Gz capitalized.

In order to prepare the Subconcept—Training lessons the concepts

. —

-1

themselves were first analyzed. The defining attribths and irrelevant

-

attributes of the concept were specified, a definition in terms of

defining attributes was constructed, and a rational get of examples and
" A

-nonexamples .was selected according to procedures outlined by Markle and

Tiemann (1969)—

N

4
4

A variety of texts served as sources of information for carrying out

- the concept analyses: Elementany School English (1967); English Grammar

-

and Composition (1957); Exploring,Elementary Mathematics, Grades 5 and 6

~

(1970); Webster's New World Dictionary ¢ Elementary Edition (1966); '

-

Webster s Seventh New Collegiate Dictionary (1965), Webster's Third New

. Internatignal Dictionary’ (1971). The fifth-grade texts and children [

dictionaf§~wege used not only to provide relevant Gontent but also to

e . indicate the 1evel vf technicality and completeness that was approp ate

...t ~for fifth—grade students studying these concepts At times the defini-

- ) tion of a particular concept was taken directly from one of these texts

. s
2’ [l
o - : S Y Yo

v g s ,
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At other times the definition was constructed from information presented

it several sources. = The concept analyses are presented in Appendix A.

A

At no time were the principles relating the concepts presented in

2

the Subconcept-Training lessons. Nor was any attempt made to relate

concepts to each other in any other way, except in cases in which the

particular meaning of ‘a concept that the lesson was designed to present

necessitated the modification of one concept by another. For example,
the word shape presented in’the\Iesson for the difficult mathematics
principle was first introduced in a general sense and then agsociated
with the~word similar so that~the mathematicai‘meaning of "similar"
figures could be expiained.

_The four -Subconcept-Training lessons were the same length in terms

.-of number of pages (12 pages) regardless of ‘the principle upon which

R

they were based. This was done so that the lessons would take

v
approximately the same length of time to complete and would appear to

be as similar as possible to the_subjects. As some lessons presented
more concepts than others, the amount of material presented on each page
could not be equated across,iess;ns. The fcur lessons are presented in
prpendix B.

The second of the two sequential teaching lessons (Principle-.
v ’ P
Training) presented the principle itself. The principle was introduced
-y -
in a box at the.top of the first page and was followed by either a

e ———— s ki R RS ; -

. -

. = '*'-;:;-_-_-i. . £

At the end of the instructional mate;}al the subjects were directed in

A
their lessons to go. back and read the lesson once more.

T

2




In brder to construct the Principle-Training lessons the;four'
principles were, first analyzed in a manner similar to the way in which
, ° . . - LV .

' concepts are dnalyzed. The principle was stated, 'and from the statement
7 ° ! “

- " a list of relevant and irrelevant “"attrib es" was constructed.
. Relevant fattribdtes"'wgre taken to be those aspects of the principle

_which weée pregent in every correct demonstration, or example, of the:
principle. For=instance, in the principle "all equilateral triangleé ~ N

. ¢ R

are sigilar insshape," fhe concept equilaterél triangle is a relevant

.
\ ’ -

i i k4
attribufe. Irrelevant "attributes" were taken to be those aspects of
#

L .
the principle which either varied from example to example or did not®

N4 \ .
. -
have to be present in every example. For instance, the number of

Q@
Y

' equilateral tri ngles used to illustrate "all equilateral triangles are
. AN
similar in shape," or the size of the triangles, were considered irrele-

' vant attributes. . )
) 5 B o - . ; T Y * 3 g:;g
¢ 'O the basis of the list of relevant and irreélevant attributes a ,

. . ' ; . . .
rationally selected set of examples and nonexamples was. develOped for

irrelevant attributes of the.principle were thoroughly varied. Enough
: D A . .

nonexamples were specified so that each of the' relevant attributes of

B each principle. " Enough examples were specified so that all of the major
the principle ¢ould be systematically excluded. Examples and,nonexamples

LI -5 had “similar irreleyvaint attribﬁtés. !

Lot " The final elément of the analysis of each principle consisted of
’ N L] . - A

_» . the specification of s&veral problem solving situations involning the .

- .- ;principleuf The analyses for each of the four principles ar® .presented .

-ﬂu« iri ‘Appendix C. - - - .

’ - All Principle-Training lessons that included a rationally selected

. hl .
L

Lo set of examples and%honexamples were five pages long. In those lessons'/

N that included only one example three pages of placebo material were ) I

.- 3m -

-
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added -so that all subjects would read treatment lessons of equal length.

To compen%hte for any possible effects due to the order in which the

A

placebo material was presented in relation to the principle and example

(principle and example followed by placebo material or vilce vergs

of these booklets for each pMinciple ‘were prepared with the P

.« o

material coming first and half ‘with the p}acebo material coming last.
The examples,usedlén\the booklets which contained only one illustra-
tion of a principle were taken from the rationally selected sets. To h
eliminate any effects due éo the parggcular example chosen, several
versions of\these lessons were ~constructed for eéch'principle and each’
veésion included a different exaﬁple: |
The Principle-Tréining lessons'areygpesented in‘ﬁppendix D. Only
h Y )

the four lessons which contain a rationall§ selected §§%>pf examples and

nonexamples are included.

. »

Readability of Experimental Lessoﬂs X ‘ :,
Readability or difficulty of the eiberimental lessons was &é&grmiﬁed
using the Dale-Chall formula for predicting readability (Dale & Chall,

1948). All lessons, Subconcept-Training, Principlejﬁ;;;ning, and

placebo, were found to be written at a fifth- to sixth-grade level. This
/ - [

level was conside{ed appropriate for the subject population. (,

y In addition, to insure that all subJects had at least some.

‘famillarity with any potentially difficult woxrds in Ehe lessons, a list

o ~ : ) -
covered all experimental lessons and included words,identified as

v

of these words was compiled and included at the\beg%pning of the Subcon-

cept-Training lessons and corresponding placebo'lesiéns. This list
o« —

N

»

"unfamiliar" on the basis of the Dale-€hall readability calculations and

_on the basig of the pilot. study. These words were reviewed with the.

-

+
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V.ot @ubjects before any lessons were Pead.’ B : - i’
-
Placebo Lessons W

. : . Two printed placebo. lesgops were prepared that were equal in length. -

lessons (Subconcept-Training and Principle-

;

Training)

. o lesson dealt with subconcepts included in

t

- . the definition of the concept tree. The setond placeﬂo lesson dealt with

- 4 .

the concept Roman numerals.

4

' ®Dependent Measures™ .

A test on each-of the four principles was constructed. The tests

were structurally as similar as possible and varied among each other

¥

only in content. These testd,are included as'Appendix E.

)

‘Each of the four tests was sixteen items long and contained
twq‘pyﬁés of questions: knowledée questions and application~questions.

. Knowledge questions were items whic ired subjects to recognize both

¢ a statement of the principle and correct applications or examples of the

. principle. These items were designed to test subjects' ability to

recogni;e or recall specific elements presented in the lessons. Appli-
* ' ?

. . 3

4 - »
cation questions were items which required subjects to actually apply
{ ' ) ~ . ) )

thefprinciple'in problem solving'Situations. These items .were designed

-~

to, test subjects! ability to go beyond the specific content of the
'lessons. An equal number of knowledge and application items were - ‘
- included on each dependent measure.

/ The principle felated items from Klausmeier,"Sipple, and Allen T

- -
(1974a,b) which were used to determine the difficulty of the principles

# were included as parf of the sixteen items on each dependent measure. -
They too were classified in the manner described above as either knowledge
;

52
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or application items. At lezzf‘oné of each type.was based on each

principle. K . o . o <4

The four tests were presented in printed booklets similar

ii%form to the lesson booklets. Instructigns for completing the tests
were‘included at the beginning of the booklets and were identical for

all principles. Within the instructions were several sample item§>\one
kN J A
corresponding in form to each of the different tyégs of question

. ) . N ’
formats used on the tests (true-false type items and two multiple-choice -
forms). The sample items weré included so that subjects would know what

type of questions to expect and aiso how to mark their answers correctly.

e

Treatment Progrém R >
For each of the four principles taught, %ix treatment programs, or . ¢

experimental conditions, were defined, Every'subject was randomly
assigned to both a treatment program and to a principle. Thus, each

subject read materials dealing with only one principle and took the

-

dependent measure on that principle alone.

The six treatment programs, which were identical across principles,

.
-~ o e
- e

were as follows:

ST-RS. Subjects in this treatment read a Subconcept-Training
lessoﬂ and.a Principle:jraining lesson. The Principle—Traigiﬁg lesson |
@pesented a ratidnally selected seé of'examples and nonéxampfzs.

ST-1. Subjects in this treatment read a Subconcept—Training lesson

- n
and a Pgincipleszraining lesson. The Principle~Training lesson‘presented
) ~ )
o&é examﬁle. - '

ST-0. Subjects in this treatment read a Subconcept-Training lesson
e . . a::}’ .
and a placebp lesson. This condition was included to determine whether

subjects who had not been presented with the statement of a principle

7

50




&

N . < '
(or instances of it) could accurately deduce the principle from-its

. .

. . . -

“ 4 . -
o .

- >

subconcepts. i\;\h
. . . . ) .. A ‘
L ) 0-RS. Subjects in this treatment read a placebo lesson and .

[*% -
J ~

Principle-Training lesson. The PrincipleJTraining lesson presented a’

rationally selected set of examples and honexamples and was identical T
; 5 °

4
to the Principle-Training lesson used in treatment ST—RS f‘

- \ 0-1. Subjects in this treatment read a placebo lesson and".a ¢

- -
. 2

Principle;Tréining lesson. The Principle-Training lesson presentea'one ;

y; example and was identical to the Prgncrple-Tralnlng lesson used in

L4 @ L]

treatment ST-1. ) . : '

C 0-0. Subjects in this treatment nead two pladsgbo lessohs. They R
served as congfbl subjects. . ) ‘
v ~ * S '
> ” ‘-. LIS ! 0’ .
C Procedure - P

Prior to-experimentation‘half of the lesson booklets f%r each

' § -

. treatment program were designated for boys and half for girlg to insure

0 “ »
A N . - .
*

. that an equal number of each sex yere‘included in each treatmépt.
=Rt

s

Within sex grouping the treatment materials were then put in eirandop
, . PR

order.

perimenters (the hor and a co—worker) working as a team, ~ =

”'p, TN

conducted the study. One experimencer (the author) gave directions,

oo, ..

. distributed materials, and answered questlons. The second giberiﬁenter
A

distributed materia;s and answered questionssonly. “n the maJority of

. ~ teu .

.cases testing was done in the classroom with the classroom ﬁeaeher Aow
Pl LY . .

. . . ‘a
3

present.. However, in two instances in whicH fifth- and sixth—éraﬂ!‘ Yo

4

» Al S "o
students were taught together as one unit, the fifth graders were taken

to a designated testing area so as not to disngab'their fe@idﬁs. :

. < L
. e - -

oA g R (
S . T ;

O . . - ’@ .. L
EMC . N * . ) ' & . B e, ' . ,
P v , oo L SR S, .

. ' R - . hd »
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e

. At the start of the teaching-testing session both experimenters
~ . " . .

were introduced and the general purpose and nature of the study were

explained. Subjeqts were told that they would be reading two lessons

. } and then "asnwering some questions." Experimental materials were then

distributed to each subject. The materials were prepackéged in large

¢ S

" brown envelopes to insure that the proper sequence of lessons and test
was received. One expenrimenter passed out the materials designated

for boys and the other experimenter passed out the materials designated‘
R et
for girls. As the treatment materials were randomized-withim-sex

group, subjects were thus randomly agsigned to an experimental condi- _
-~

) tion. . -

. . Subjects were initially told ,to remove only the two' lesson
. - s . N

boqg}éts from their envelopes. ‘Both lesson and test booklets were
. ”

color coded to help sgbjects determine which booklet they were to be

. . working on at any particular time.

The'actual expeiimentation began with a review pf the word list

-

contained in the first lesson booklet (Subconcept-Training or placebo).

L]

It was explained to the subjects that thése were difficﬁlp yordé which
they ﬁight find in the lessops they were going to read. The experi-
menter reviewed the list byefirst pronouncing each word and‘then
asking the subjects to pronounce the word together. Each word oOn ;he

1ist was covered in this manner. This procedure was designed to insure
that subjects could at Lehst pronounce all potentially troublesome words.

9

After reviewing the word list, sﬁbjécts were told to turn the page
o~ . . .

R -

and begin reading the first booklet silently. When finished with- the

- .- st booklet they were told to immedfately'go'on'to'ghe second.
Subjects were allowed "to turn back and reread passages which were un-

]
> \

. |
- . .
bl) . PRy -~

Q ' '
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v
Ve

clear to them within the booklet they gére/reading; they were' not
v ’ .

. . 7 L .
allowed to turn back to the first booklet once they had begun to read .

the second. All subjects we;e;éivén—sgfficient time to read both

booklets. Most subjects finished reading in about 25 minutes. Sub-
e : .

»
«

jects who completé& their lgésons?before‘all others wete finished ’
. S d o . .
were told to sit qgiétly at their desks and wait.' ‘ ’
/ * . . ~
y ) , After all subjects had finished reading both lessons, the lessons- '

0

coor were collected and subjects were instructed to remove the dependent

7

measure from their envelopes. The experimenter read the instructions
/ - .

- s

for the dependent measure aloud while the subjects followed along. in
/s

;héir own booklets. The experimenter'also reviewed the three sample

’
'

items which were included as part of the instrﬁctions. Subjects were -
P then directed to begin work independently on the rést of the bdoklet.

e + All subjects .were given as much time as they needed to complete the

-

- -
-
..

.o - .
dependent measure. . .
Ve

-
*

i
3
1
|
1
.. Duriné-the entire experimental session the experiménters answered . 1
> _ - ‘ A
i

"qqgstiogs dealing only with the pronunciation of words and the clarifi-

B
®a

. cation of instructions. In total the session lasted between 45 minutes

Ne
N

and one hour. All subjects appeared to be highly attentive throughout

the experimental session and seemed to work through their materials

.oy

. -
o con'scientiously. The instructions to the students are included in

~ Appendix F.

8 ~

.8 \

The treatment matefials, procedure, and' experimenter's instruc-
tions were pilot tested on a subsample of the target population to ) ,

evaluate their clarity and appropriateness for fifth-grade students.

(AR 0
- . < - -

i
1 A
M "

: Pilot Study - ,
|
|

T
1
1

L 1 . ,
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L) . o

-

The pilot study was also undertaken to yield estimatez of the time . .

required to administer the materials. Subjects were 31 students from

i

the same Wisconsin community in which the major experimentation was

N

carried out.

 Ambiguities and other difficulties with' the materials, procedure;

r

. ¥ '
and instructions were noted and used as a basis for revisions. { Due to
. " N 4

NG

: Lo )
the large number of treatment conditions piloted%(igiizvgral cases

. f .
only one subject received,a_partiéular trgatmentﬁ, no meaningful’
) :.“; * ! / .
statistical analysis of thé, subjects' responses on tﬁe various tests

” . ¢ 4 ’

could be done. However, in general subjects receiving instruction
. , S . EERY '

appeared to perform better than control subjects (63% correct vs. 70%

P

correct) although there did not seem to bé‘gpﬁgffecf for instruction

- -

- -7 .

on subconcepts (71% correct for traiﬁing, 75% correct for no tra;ning>.

-

Subjects completed Ebe materials in appro;i@ately 50 minutes. No *

differencds in time spent réading due to treatment were evident.,

‘.

Experimental Design -

The experiment employed a 2 x 2 x 3 x 2 x 2 factorial design. A

&

covariate, subject's reading achlevement score , was alsoé included in

the design. 'The £ivé factors and the levels within each factor were

5

as followss , A
a) training on subconcepts: training or mo training

b). type of principle: easy or dif%icult

c) mode of principle presentation: principle statement with

rationally sélecteﬁ set of instances, principle statement

with oné example, or no principle statement and no illus-

trative instances

1
1

d) subject matter: language arts or mathematics

[N N v

T T . .
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Chapter IV

RESULTS
[}
¢ ° Iy
Two scores were calculated for each subject from the tests: total .

'

score on knowledge items and’ total score on application items. Mean

scores for each item type were then analyzed separatelz\by analysis of

\
\
\

covariance. Analyses were ‘carried out using the General Linear
Hypothesis (GLH) computer pfogram (Kuhn, 1971). The covariate in;both \
cases was subject's reading achievement score on the Metropolitan
| : Achievement Test. This score was selec;ed as a covariate to reduce - ‘\‘
variability due to differences in reading\ability. T ' . . L.
It was presumed that some dependency between knowledge and appli- ; \
-cation items would exist. Logically: it is unreasgnable ‘to expect that

3

a subject would be able to apply a principle corfectiy without being |
able to. recognize a correct application gf that principle (;i££ough

Gagné (}970) says that a learne;ﬂﬁéy be able to apply a principle with- = '
out being abie to accuratelyistate the principle). Therefofe, it was

expected that scores on application items would depend upon scores-on

knowledge items. However, possible relationshipsibetween kﬁbwledge
and application items were not of concern in the present study and .

consequently the two dependent meaéurgs vere analyzed separately. The

7 aen
o

interested reader is referred to Appendix_G wHich presents an‘gnalysié
of covariance using difference scores (knowledge - application) as ‘the

data, . : s

&




< . The significance level per test adopted in the«ﬁfesent experiment

« ey
* _ was ,05. Results related+to the spec1fic hypotheses_of the‘experbment
' . LA NN

- -

tested at this level, as well as significant results for effects ebout
which predictions were not made; will be reported separately for

i : ] . ;
knowledge and application items. The specific hypotheses tested were

the follesing: “ - *
1) Easy principles would be mastered more fully than difficult )

. 2) Subjects instructed on the separate concepts contained in the

L}

principles wo@l@cperform significantly better than subjects

v T——

|
pfinciples. ) ) ' Sl . ~‘¥:’ i
|
|
i
1
i

' not receiving such instruction.
) - 7

3) Subjects receiving a statement of the principle and either a

rationally selected set of examples and nonexamples or one
Lo .

example would perform significantly better than control sub-

jects who did not receive a, statement of the principle or any

v 8 v e H 1L €

3 .
illustrative instances. .. .

i

4) (a) For a difficult principle a rationally selected set of
instances would be more facilitative than one, example regard-~
less of whether subjects had received insgruction’on the

concepts or not. . '
-t

s (b} For a simple principle a ratlonally selected set of

instances would be equally effective as one example if sub-

ve .=

jects had received instruction on the concepts contained in

the pripciple. If subjects had not received instruction on

1 :; ‘.% st

the target concepts, a rationally selected set would be more

. facilitative than one example.

: -
A T v e

GO ' P
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Knowledge Items

N -~

\ .

' Adjusted means (adjusted for the effect of the covariate),“f
adjusted variances, and cell sizes for each cell in the design are
presented in Tables 2 and 3. Raw score means with variances and cell

. ~ sizes are given in Appendix H.
Results of the analysis of covariance are presented in Table 4.(, .
None of the main effects were significant at the specified .05 levelf

However, means for main effects about which specific hypotheses were

made (type of principle, training®on concepts, and mode of presenta-
tion) were all in the predicted directions. Moreover, effects for
type of principle and mode of presentation approached significance (@ .

< .10). Means for the five main effects are presented in Tables 5 and
60 \\

The interaction of'interest in the experiment was type of principle

by training on concepts by mode of presentation. The interactio was
g 2 ] A B b * =

not significant. Means forbthis interaction are’ given in Table 7.
t -

. Two interactions for which specificr predictions had not been made,

-

N

subject matter by type of principle and sex by type of principle by mode .<
& - '
e bf’presentation, were found to be significant. Means for the subject

matter by type of principle interaction are presented in Tabie 8. It is
clear from the means that the difference between(fasy and difficult .
principles for language arts (.024) was much less than the difference
between easy and difficult principles“for mathematics: (.779). Addi-
cionally, while the difference was in the predicted direction for

- mathemaéics (higher performance on easy principle than on difficult),

the difference was in the opposite direction for language arts. Due‘to

the small magnitude of the difference, houever, this reversal of pre-

- . .
>

. '-‘-’/< - . H * .
3 Q ,’?/ : ;‘ ?‘*_‘:’; . ”, 6 1 .
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Source df F
Sex 1 0.006 0.0039
Subject Matter 1 2.477 1.6335
Type (easy-difficult) 1 5.631 3.7134
Training "'l 0.647 0.42p4
Mode of Presentation ) 2 3.591 -2.3?@1
Sex x’Subject Matter 1, 2,901 1.9131
.Sex x Type ’ - 1 1.663 1.0967
Sex x Training 1 4,399 2,9009
Sex x Mode of Presentation 2 0.436 0.2875
Subject Matter x Type 1 6.829 4,5034
Subject Matter x Training 1 0.719 0.4743
Subject Matter x Mode 2 0.350 0.2309
Type x Training N 1.426 0.9404
Type x Mode . 2 3.052 2,0127
Training x Mode . _ 2 %.276 0.8415
Sex x Subject Matter x Type 1 .548 0.3614
" Sex x Subject Matter x Training 1 0.295 0.1945
Sex x Subject Matter x Mode 2 2.934 1.9348
- *Sex x Type x Training 1 1.064 0,7017
Sex x Type x Mode 2 5.777 3.8097
Sex x Training x Mode 2 0.486 - 0.3205
Subject ‘Matter x Type x Training 1 0.515 0.3396
Subject- Matter x Type x Mode 2 . 2,412 1.5906
Subject Matter x Training x Mode K;X " 4,329° 2.8550
Type x' Training x Mode 2. “916 "0.6040
Regression due to higher order - :
interactions .~ 11 71,991 1.3130
Error \ 110 1.5164
*% p < .05
* P < ,:!_0 ) )
g
:\\.\ - .
- - o 6 o

A _Table 4,

Univariate Analy$is of Covariance for
Scores on Knowledge' Items

Total Test

MS

*%k

Camarn
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Table 5.

Adjusted Means, Adjusted Variances, and Cell Sizes

for Knowledge Items

Main Effects for Sex and Subject Matter

»

=

Y

\

t

g
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\\§L Main Effect for Sex ///,_\\\\'
° Males* ' Females
6.668 6.616
(1.704) . (1.739)
=78 - n=81

Main LEffect de_Subject Matter

» .

Language Arts Mathematics
6.762 6.523
(1.702) (1.714)
n=79 . n=80

B9




‘ . Table 6.

Adjusted Means, Adjusted Variances, aiid Cell Sizes
‘for Knowledge Items :
Main Effects for Type of Principle, Training,
and Mode of Presentation

N - . ’ - )
~ o % , Main Effect for Type of Principle .
Easy ‘ Difficult
' 6.832 6.4564
(1.110) (2.256)
n=79 ) n=80
_Main Effect for Training
! ' * I
Training No Training
6.736 ' 6.544
(1.487) ° (1.948)
n=81 R " n=78
£
\l Main Effect for Mode of Presentation .
Set : ’ Orie Example ~ Placebo
g
6.820 ‘ . 6,735 6.342
(2.396) (1.906) (1.802)
n=57 . 7 ~ n=52 ‘v n=50
;(




59
J ) - Table 7. ’
Adgusted Means, Adjusted Variances, and Cell Sizes
. ’ for Type of Principle by Txaining .
by Mode of Presentation Interaction. = = |
) Knowledge Items Co P

- 2 .
" Mode of Presentation L .
° . .
Set ' One Example Placebo
Training '6.787 6.744 6.947
(1.193) (0.858) (1.035)
, . n=l5 n=14 n=12
Easy 4
Prineciple , \ -
3 No 7.087 6.753 6.689
Trainin (1.138) (2.196) (0.668) -
.n=13 n=12 . n=13
. . . Training 7.043 6.594 6.258
(1.641) . (2.889) T (1.445)
- n=14 - n=1l4 n=12
Difficult 'k )
Principle . . '
No 6.413° 6.870 5.515
Training (1.59@) (2.168) . (3.175)
n=15 n=12 - n=13

I
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. Adjusted Meahs, Adjusted Variances® and Cﬂell,Sizgs for . (/
Subject Matter by Type of Prir}}ciple Inaggfadtion*t .. e . )
. S ) . - o
Knowledge Itéms < L
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. : . L .
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: ] . 6774 . ) 6.134 '~ .. .
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dicted direction cannot be considered meaningful.

)
>

_Tableo9 presents the meand for the sex by type of principle by

I .

mode of presentation,interaction. Inspection of the means reveals that
tne interaction was due in_part to the fact that for females performarnce
was higher on the easy principles than"cn the difficult prfnciples while
for males performance generally was higher on the difficult principles

than on the gasy:principles. Differences in the ordering of condition

-~

7z
means within rows resulted in the three-way interaction.

14

Effects for all 4-way and 5-way interactions were pooled and tested

as a residual sum of squares. These highér order interactions were‘ con-

4

sidered uninterpretable and were included in,the design only to reduce

the error variance. The effects of the higher order interactions were

2
found to be nonsignificant.

-

) ~ Application Items . ;

Sv‘ i
Tables 10 and 11 present the adested means, adjusted varilances,
| N .

and cell sizes for applicatlon 1tems

»

g Raw score means with varlances o

.

and cell sizes are given in Appendix,:

- . The analysis of covarilance resu‘ts are presented in Table 12.

rw«

* Main effects ﬁor subject matter and for mode of presentation were both

o

found to be significant. Means for these effects and all other main

X q}‘ |

effects are presented in Tables 13 and 14,

-

Inspection of the means for th% effect of subject matter (Table 13)
5

5

. * reveals that performance was highe)‘ or mathematics pr1nc1ples than for .

. :‘; 0

&

£
S language arts principles. This finding is consistent w1th the statistics

124

-4y for these prlnciples calculated frm%tﬁm data reported by Klausmeier,

%
y

. - I ,
Sipple, and Allen (19744,b). In that research higher percengages of l»

-
*
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0}
»

o

-




» \_
“‘EWW‘?* S

1%
AR ViR
i

b‘,{!{p sk

:
4%%?%. R S AN

fz‘* \'%\a
Py ALX

o
< b
gl e

ottt
Soredy

u‘x&,é S K

,
PR
A

i,

=
g

"

s

W

Pt g Ry,

Falti

o

Table 9. . .l
. - . t
Adjusted Means, ‘Adjusted Variances, and Cell Sizes
for Sex by Type of Principle

R by Mode of Presentation Interaction** A
Knowledge Items

-
>

4
Mode of Presentation
Set . _ One Example _ Placebo
Easy 7.155 A 7022 - 6,509
Principle / * (0.857) : (0.806) (0.977)
n=15 n=13 . n=12
Female ]
Difficult 6.227 v 6.617 6.107
Principle (1.332) . (1.742) : (1.730)
’ n=14 n=1l4 . n=13
Easy . * 6.663 | 6.474 7.092-
Principle (1.258) - (1.459)- (0.774)
n=13 . . n=13 n=13
Male . .
Difficult | 7.174 : 6.843 5.617
Principle (1.102) ° (1.418) o (1.394)
n=15 n=12 n=12
&% p < .05 ] * o ’ - -
.e : .
¢

) L

)
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Table 12.

Univariate Analysis of Covariance for Totdl Test
Scores on Application Items

|
|
|
1
1
i
1
|
. Source ” af MS F |
N |
, , Sex 1 1.035  0.2901 |
- Subject -Matter - - . " 1 17.430 4.8860 ** 4
. Type (easy-difficult) 1 1.009 0.2828 °
Training . ‘ 1 0.355 0.0995 1
‘ Mode of Presentation 2 13.990 3.9217 ** |
Sex x Subject Matter 1 0.658 0.1844 , ‘i
Sex x Type 1 21.320 5.9765 **
Sex x Training . 1 21.990 6.1643 ** |
3 Sex x Mode of Presentation .2 4.751 1.3318 i
Subject Matter x Type ! 1.002 0.2809 ' |
Subject Matter x Training ) 1 0.811"0y2291 j
SubJect Mattér x Mode 2 1.829 0315127 i
. Type x Trainlng 1 1.821 0.5105 |
. Type x Mode 2 0.446 0.1252 - ‘
L Training x Mode; 2 3.129 0.8771 |
w ' " . Sex x Subject’Matter\x Type 1 13.360 3.7451 * |
- Sex x Subject Matter k Training = ~ 1 7.037 1..8173. =~ |
Sex x Subject Matter x Mode e 2 10.790 3.0247 % -
Sex x Type x Training 1 8.492 2,3805 |
Sex x' Type x Mode 2 14.080 39470 ** |
- ! Sex x Training x Mode - 2 6.682 1.8731 |
Subject Matter x Type x Training 1 1.725 0.4836 |
z Subject Matter x Type x Mode 2 0.017 0.0047 1
o Subject Matter x Training x Mode 2 0.199 0.0557 }
Type x Training x Mode 2 9.749 2.7329 * . - ‘A*?
/ ; Regression due to higher order :
- interactions ) 11 6.918 1.9393 ** -
- ., Error , - 110 3.5673
7
*% p < .05 )

% p < .10 -




‘ . Table 13.
Adjusted Means, Adjusted Variances, and Cell Sizes
for Application Items
Main Effects for Sex and Subject Matter

K
- .

[ 3

' \ Main Effect for Sex

\ s ) .

Males . ' Females

5.254 M ) 5.361

(4.069) ’ ~ (4.363)
n=78 . " n=81

ot Mdidn Effect for Subject Matter #**

Lénguage Arts . . ) Mathematics -

4,982 ‘ 5.631
(4.775) S : (3.464)
n=79 ! . n=80 \ -

3
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Table 14. )
A Adjusted Me#ans, Adjusted Variances, &nd Cell Sizes
for Application Items
* Main Effects for Type of Principle, Training,
and Mode of Presentation
‘ -
< N M
Main Effect for Type of Principle
~ Easy” , ' ‘ Difficult
5.256 5.361 .
(5.095) <(3.354)
n=79 - n=80
!
: 3
Main Effect for"\:i:'raining —
- ‘*‘ R o
Train . No Training
: ‘ 5.302 5,315 ° .
(4.678) ﬂ . (3.747) N
n=81 R n=78 '
w £l
. ; . %}“ \
. Main Effect for Mode of Presentation *#*
R »* - s
)Set “ One Example Placebo
. 5.760 \ . 5.345 ' 44756
- (3.534) (4.141) - (4.626) .
wi D=57 n=52 .. n=50
‘ ) - *
- . : . B
*% p < ,05 ’
‘.
4 N + ,
'-‘ -
70
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>

children were able to answer mathematics principles than were able to

. s ’

answer language arts principles.

The means for the effect of mode of presentation (Table 14) were

in the predicted direction. Subjects receiving a statement of the

princfple and a rationally selected set of instances performed better
) @ ' ‘
than subjects receiving only a statement of the principle and one

example, who in turn performed better than control subjects. Howevery

: L. N
pairwise comparisons among the means using a Scheffé procedure appro-

12 .

priate for analysis of covariance

s = YD) (F2,V,,V,) Y s 2((:3‘)2 + g2
nj (cov)

SSE(cov)

sgggested bysScheffé (1959), revealdd that only the group receiving a
rationally selected set with the principle performed significantly
better than control subjects who did not receive a statement of the
principle or any illustrative.insfénées (S = .9064, il -‘§3 = 1.004).

The difference between the groﬁp receiving a st tement of the principle

- and one example and the control group approached significance (s =

.4345 for p < .10, iz - §3 = ,589). -

~ a

Means for the main effects.of training on concépts‘and type of

o,
‘ 3

principle (Table 14) were not iﬂ the predicted direction. Hggever,

these differences were not significant. ; ' ﬁ?;\
The interaction of intereséf type of‘principle by training on

conéépts by mode of presentation, was marginally signifi;ant (actually;

-

p < .07). Means for this interaction are presented in Table’l5, .

Because this interaction.was of pentral importance in the study, three
. . . i T -
-comparisons among the means were carried out to test the specific

hypotheses of interest. The first comparison compared the effect of

~

Py -
70 _ !

[
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Table 15. - . L *
Adjusted Means, Adjusted Variances, and Cell Sizes :
for Type of Prinéiple by Training ?j
by Modé of Presentation Interaction* . . 3
Application Items o 3
N ‘ Mode of Preaen'tation', : /
Set "+ oOne Example " Placebo ;
. ‘ .
d ' 1 2 , 3 : ' f
, Training | 5.237 5.758 ) 240351 o
(4.113) (5.290) (6.051) - .
©  m=l5 . n=l4& . n=12
- Easy .’ . ) .

Principle Y K 5 - .
~ No 6,354 4.587 ® 5.089 |
0 Training (4.213) ) (5.071) .- (5.283) .
n=13" n=12 : n=13
: ® ) J
- 2 . . ' . . °:
‘ . (3.552) (3.477) . (5.902)
y 7 " on=14 n=14 n=12 _

Difficult :
Principle ' e
- No 10. 5453~ ' s5%se 12 4698 .
- . Training (2.278) ' (2.817) . (2.352)
: n=15 n=12 n=13
; , 1
* i:_‘< 10 : ‘ .
® - e ' .
1‘
|
. |
- * . ¢ 1

S Ve
ke
L~
7 )
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providing a rationally selected set with the effect of providing one
|

: ’éxample for difficult principles collapsed across training (Hypothesis’

ba, ¥, = (§7 +x

1 - (§8 + ill)" The comparison was not significant

10)

(£ .57424;‘\ R F L e . .

[4 -

) The second comparison compared tﬁé.effect of providing ‘a ration—

-

o

ally selected set wiéh the effect of pMeviding one example for easy -

principles when instruction on concepts was gfﬁfn (Hypothesis 4b, %2 =

Xy - iz). This comparison was also not\;}g?ificant (t = -.7396).

The final comparison contrasted the~effect of providing a ration-

ally selected set with the effect of .providing one example 'for easy

N -

principles when instruction on concepts was gived (Hypothesis 4b (W3 =
~ -

§4 - is)( This comparison was significant (5 = 2.3317, p < .05).
3 : .
It can be concluded on the basis of these three comparisons that
providing a rationally selected set as compared to one example made

little difference for difficult principles. However, there was a
differenqé for easy principles, but only when no training on concepts
was given as had been predicted.

P . »

Three other interactions of g%gor importance were found to be
(m *

. significant., Théy were sex by training on subconcepts, sex by type of.

principle, and sex by type of principle by mode of presentation.
Meanggﬁpr the sex by,training inferaction are presented in Table
16. Inspection of the means reveals that the interactionsﬁas caused

primarily by 4he fact that females perférmed bettex withodt training
. ‘e %

than they did with training, while males performed better with training
than they did without. The difference between the means- for training. ’

and no training for females (.612) and the difference between the means

for trainﬁpg and no training,for'males (i613) were almost identical.

Py -
. {Qg



b .. Table 16. o
é - ™)
Adjusted Means, Adjusted Variances, and Cell Sizes
for Sex by Training Interaction¥*

Application Items
&

71

‘S&{

Male , Female
‘ 5,552 ° 5,059 '
Training - (4 :327) (5.014) )
' © =40 n=l4
. 4.939 5.671
No Training (3.709) * (3.612)
. n=38. n=40
*% p < ',05’ ?:‘
~N
[}
-
’ : j .
3
- 5 ,




n\
s

Means for the sex by type of principle interactioh are given in .

Table 17.' It is cle;r from the means that the interaction was due to

the fact that females performed better on the easy principles tﬁhn on

the diffi uit principles while males performed better on the difficult

- principles than oq%the eas& principles. This trend is apparent.again
| in the sef‘ﬁy type of p;inciple By mode of presentation interaction

ot (Table 18). The three-way interactiop appears to have been caused by

4 . Ad N 1
differences in the ordering of the means within rows. 1In all cases

-

. except male-easy the ordering is et > one example > placebo. In the

case of male-easy it is placebo > 'set > one exapple,

Fiee

As with the kiowledge items, effects due to,all higher order

interactions were pooled and tested 35 a residual sum of squares to

remove their effect from the error vardance. The regression due to

I

the 4-way and 5-way interactions was found to be significént. However,
3} »
as the higher order interactions were considered uninterpretable the
! &z . . .
cause of the significance was not investigated.

Relationshgg;pfﬁ;he Covariate to the Dependent Measures
vd

Regreséion analyses for knowledge and -application items revedled
. . -
that the effect of the covariate on the dependent variables was signif-"

~

i " icant in both cases (knowledge items: = 17.800, p < .01;
. {

F1,110
o appl%éation items: Fl,llO = 9.449, p < .01). Tpg?efore, a significant

amount of variance on the dependent measures was removed by- covariate

adjustment. The correlation between the covariate and each of the two

0

dependent measures was: knowledge items. +44; application items .33.

Apparently, thé higher the subject's score on reading achievement the

I3
4

better the subject's performance on both dependent measures.




~ Table 17.

Adjusted Means, Adjusted Variances, and Cell Sizes
for Sex by Type of Principle Interaction**

Application Items

Male Female

£X.
M

4.811 T 5.689

Easy Principle (4.969) (4.238)
- ' n=39 n=

»
.

5.696 . 5.041

Difficult Principle (2.874) (3.679)
S n=39 n=41




Table 18. - e

Adjusted Means, Adjusted Variances, afé Cell Sizes .t‘- . '&

. . _ for Sex by Type of Principle
( : by¥Mode of Presentation Interactionk* .

, ’ " . ..Application Items : \\‘ N 4

rﬁ t S ; !
— . p
Mode.of Presentation ~ . \
. N ) 4 ] AN
. \',L Set, . One Example Pl q:ebo ]
\./ ] , N P, - -
Easy o 6.582 .5.916 T 4,32
Principle (1.417) .23 (2.530). -
n=15 n=13 . n=12 - ‘e
Female o R . = . . "
» '« Dpifficult 5.317 - 5.039 4.745 -»
Principle (1.849) , o (1.851), (2.159) .
v Co v n=l4 . n=14 .+ n=13 \/é{‘ )
. ‘Easy ) 4.801 & v A.520 ., . 5.113 ( Lo
; Principle (2.356) : (2.252) ° (2.219) <o
. n=13 . n=13 , _n=l3
Male . " <\ o oo .
Difficult 6.183 ~_5.975 4.809
Principle (1.493) . (1.559) " (1.842) -

n=15 S m=l2 . w2




tests using the FORTAP Test Analysis;Package (Baker, 1969); These

'vthé:i;ems were‘answz::d'correctly by all subjects. Nevertheless, even

Psychometric Characteristics of Tests .

3

%:yt internal consistency reliability estimates (H6yt, 1941) were . ‘ ;

computed for each type of item (knowledgé and applicatﬂpﬁ) on-the four

reliabilities and the sample sizes upon ghicﬁ they are based are pre-

sented in Table 19,

The reliabjlity égtimates are lower than is desirable. Brown
I : Brov

&2

(1970) hég listed several fagtors that can contribute to 1o§,reli—

abilities: range of individual differences, test difficulyy, and

’

length of test. Of these, certainly one of the'principai factors con-
. F - Y

tributing to low reliabilities in the present study is the test length.
N . . ° .
Each reliability estimate is based upon only eight items. High reli-

agglities (.85 and over§ genera11§ require tests of at liﬁgt 40 items,

’

e
E sk

An }nspection of subjects' perforﬁance on individual items revealed .

that an additional factor contributing to the low reliabilities was N\
. ..\\‘ (

- . /
test difficulty, Severa®=vf-the items failed to discriminate 9roperly ..
amiong subjects. These items apparently were so easy that almost all

subjects answered them ce;rectly:‘ Indeed,, for the dependent measure L

A Y «
with the lowest reliability (mathematics - easy - knowledge) half of

*e
¥ .

“r
’ > .

relatively low relia%dlity estimates .can permit accurate conclusions
. . @ . . . .
° e \i" , ‘~ . . -

concerning group méans because reliabilities are based on individuals'
) a . . . .

pgffoémance which is in general more variable than that of group per-
formancé:

5 s N ‘ ' L
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Table 19.

.

Hoyt Internal Reliability Estimates for Dependent Measures

Dependent Measures Hoyt Reliability éample Size
- . = B N .
Language Arts - Easy
s Knowledge . .65 39
Application - .78 39
Lapguage Arts - Difficult
- &
Knowledge .67 40
Application |, .51 40
Mathematics -~ Easy ‘
Knowledge .23 40 7
Application .49 40
Mathematicsf— Difficult N 1
Vo * Knowledge .59 40 ‘.
Application .39 .40
- N B { "
Mean Reliability for Easy Principles
Knowledge NN 4 79
N Application .64 ) 79
Mean Reljability for Difficult &
"Prificiples
<. "Knowledge ' .63 80
. . Application : .45 80,
. 3
L } , ,
’ | t 7
L4 ' *
o . ?
T / ,
£ . T ;e i '
S L
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T : .  Chapter V i S~

™ DISCUSSION AND CONCLUSIONS ’ \

.

This’study was'designed to investigate the effect of two instruc-— o

tional variables on the learning of principles. ' These variables were

instruction on the concepts related in the.principle, and number and

type of instances used to illustrate the principle. It was predicted,
. . ‘\' ~‘,v: . v a N

based on previous results, that Ehe effect of these variables would -t

5; vary as a function of the particular combinati%g of‘the variables R
s presented and the difficulty of the principle being learped Principles -
N ~<: from two curriculum areas were used to increase the generality of the
: . 'results. Sex was also included as a variable, primarily_to reduce error .
. _variance. 2 . ’ ‘\ : i T s
. - : . . \ N C -
- ) B _ . :“" . ‘ .‘\\"'.:“g ‘t:-} o - a
Knowledge Items ) X Moo g ~ Cra g
- ’ N * TR .
C . o Results obtained oﬂ'knowledge\ltems designed to test,subjects ! B
& o AN . . . *
2 s i ahility to recognize the statement\oi a princig%e and instances of its ‘ i
:A correct application were generally di;appointing.ﬁalhere was~no.sig- -A, )
- ﬁf nificant eéﬁecﬁ\for 1nstruction on. conce;ts or for number“and type of :
instances used to illustrate the pr1nciple: Indeed even subjects . e
24
) presented with the statement of a principle and a rationally selected
! set of examples‘and nonexamples performed‘no bettersthan control sub- . ’
‘ jects, The predicted interaction betweén type of principle,‘training, _ °‘
: S . A : - ) . . ;
. i " and mode of‘presentationfvas a].so,(1’r'cn‘gsﬂignifié.'ant.:‘9 o ot
N ‘ ) IR "\ . ) Vol
Qo 6. f A - . ST T : . .
» - R - T =
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§

‘ . Two interactions based on knowledge item means were found to be

3 - 2 A B .
significant. However, these interactions were not of central interest:

' . and specific hypotheses about them had not been formulated. The first

4/////2//f/ Was a subject matter by type of principle interaction., It was concluded

on tﬁe basis of this interaction that after imstruction the distinction
( .
' between eagy and difficult principles remined for mathematics

principles but not for language arts principles. The second was, a sex

" by type .of principle by mode of presentation interaction. A meanin

- 3

interpretation of this three-way interaction is difficult to for late.

It was apparent that females tended to do better on easy principlés than
on difficult principles while males tended to do better on diffichlt
. A
) principles than on easy ptinciples. However, the two-way interaction

v

. between type of principle and sex was not significant so this interpre-

; tation cannot be considered entirely Justifiable. ‘ . / ’ k\‘

L3 " The lack of significance on knowledge itémé seems to have been aue
N g Y )

ézéai%kiling_effectu “The nean score across all conditions was 6{642

*% ’

(83.0%Y, and as mentioned above, there yas no significant diﬁference
. Yo e "y

-\.‘5;’5 . N

] - . . , . o
Lw » between treatment and control groups. Perhaps a longer test of more

- . -

\thanreight items or a test of more difficult -items yould have proved‘a

-

|

. - . o ' &
} fj$ more discriminable dependent measure. However, because of the high per-
i formarice of control subjects the preferred explanation seems te be that
\
}

. subjects had some knowledge of the principlés’ prior to experimentation.
. : . - . ‘ ,

} Application Items "

Results on application items in’ general supported the predictions

L

) of the study. “There was a main effect for mode of presentation with,

.

\ . ' s -

i " all means in the predic_t,ed direction. Post-hoc comparisons, however,
s . ) ) r N .

) - R
- #




. is quite easy or- simple.

‘made were also found to bé signiffcant. All three included sex as a_

. ™
I :
1
i T ° B '
G PR )
" - .

revealed that only the group given ‘a statement of the principle and a
/
rationally selected set differed significantly from the control, v

e

Apparently, if the difficulty of a principle is not known or‘not con-

sidered to be releVant,'a rationally selected set of instances should

yd

be presented when téaching a principle.

The inzeraction of interest between type of principle, training,
and mode of- présenta;ion:was found to be marginally significant for

, < . - ‘ *

application items.“An examination of the means for which' specific

»

hypotheses had been made revealed that for easy principles providing a

rationally selected set of instances was significantly more effective’

tHan one example when subJects received instruction on concepts, but
LI
made no difference when subJects did not receive such instruction.
o - f
This’ finding was in line With tﬁe predicted results. However, no

r - "\_‘4 . . e
at B e

differences were found betweem a rationally selected set and -one example

for difficult principles. e ' o Q

pertant difference in teaching strategy is suggesfed by the . .

Significant main effect for mode of presentation and the-training by -

type by mode of presentation interdction. This is that withdut instruc—=.

Al
- . -

tion on the concepts related‘in»aupfinciple a rationally selected set

hd 4 ~ ~ .

should always be provided; however, with instruction on concepts one,

example alone may be equally effective if the principle to Be learned

. ° oL b

Three other interactions for which specific hypotheses Were not,

P

factor. The first was a sex by trainfipg interaction. It was caused by

'

'thé‘fact that females perfoxmed better without training'ondconcepts

e
- . . . s '
b
tx

. . N
. i N .
. .

P
¥
i
i

‘v
.
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sex by type of principle by mode of presentation., In general the same

T actually involved which requiré different kinds of \strnctional condf- % *

than they did with training while males performed bettér with training

thaniwithout.' Possibly females had more difficulty renembering and

BN

integrating the material presented in the Subconcept-Training lessons™
than- males did. The importante of the sex by training interaction and"

the factors contributing to the finding are questions to be answered By

further research. ) ) ~. A\

12 -

The remaining two interactions were sex by -_t“ype of principle and.
.conclusion can be drawn from these 1nteractions as was drawn from ‘the
AR’ I
significant sex by type by mode of présentation interaction for knowledge

items. Females seemed to do better on, _easy principles than on difficult

) >

principles while the_reverse was true_for males. Again ‘the importance
of this finding is a question for further research. . - .

’ A

* v o ° ' -
General Considerations . ) ) % . =%

R

"

~The difference between'results on knowledge items‘andrapplication

-4

items can B& explained in at I:Sft two ways. According to Gagne (1970),
do not serve as tests of attained

knowledge items as defined her

principles, only questions mequ ring the application of principles are

. ,a . ..
true tests of‘learning. Perhaps it is'unrealistic to _expect instruc~
tional‘conditions designed’to facilitate the application of principles
- ':;:‘\ : i Y — '\

to also facilitate sdbjects'_a%ility }é fecognize»pri?ciple'statements

> +

s

and correct applications. It may be that different rocesses are

’ - - s,

-

"tions. : ] o s ,

4
'v‘) -

performance on knowledge items. As indicated aboye, a ceiling effect




-
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could “have obliterated any real differengq% between treatments. It. is

important to note, however, that even though subjects performed uni-

L

formly on knoyledge items the experimental treatments did result in

differenceé on-application items. It can be concluded from this that

s -

even when students have .some prior knbwledge-of the principles to be

°

taught instructional~variables can affect their ability to apply the

principles. - K

A surprising finding was, the lack Rf significant;nain effects for

! "

rinstruction on sﬁbcohcepts. This contradicts the ideas of Gagné (1970),

Ausubel and Robinson (1969), and Klausmeier, Ghatala, and Frayer (1974).
- e @ -
Possibly subjects were al;ééﬁy familiar with the concepts, or the v

deliberate absence of inpggr;tiph between Subconcept-Training and

- A Y
v

Principle~-Training lessons rendered the information presented on the
concepts difficult to utilize. Another explanatién is suggested by the
significaﬁt sex by training .interaction on application ifems. It may be

that males in general’wouid profit more than females from'prior'iqstruc-

[

t}on'on concepts related in a princiﬁfe.

One of the minor ;uestions of the study which dé;erves smmeqdis- -
cussion concerns the two typeé of,con£rol groups empi;yed: One control
reaé Subconcéﬁt-Training lessons ané then placebp material while the
other contro% read only placebo méteriai. It was suggested that

s
~
-
»

possibly the control group reading Subconcept—TrainingAlessons would
| 4

arrive at the principle inductively and perform.better on the dependént
measures than the othet control group. .This does not appear to have

occurred., Although’ there was no significant interaction for training

M . ’

by mode of presé%ﬁation inspection of the cpntrol gréup means reveals

]

that the two groups performe3.similar;y on knowiedge and application

~

N
XV

\Cr/ - ’ . ' ’ ’
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~
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items (knowlkdge: control 1 - mean = 6.602, control 2 - mean = 6.102;

application: control 1 - mean::_4.606, control 2 - mean = 4.894).

H
. ’ H

A final consideration concerns the way in which' "difficult" and
"easy principles were defined. . Results from both knowledge items and
. application items lead to the conclusion that the easier pringi%lgs
- for females were not the easier principles for males. How this ‘relates

to the finding of .a training h} type by mode of presentation inter-

action is unclear. The more important poiht, however, is that the

b - = * 4

terms "easy" and "difflcult" should be operationally defined in terms

- \

of the particular group for which, instruction is intended. In this way’

student knowledée as well ag any sex differences could be notednpre—

“cisely for the designated population.” It would be a relatively easy
task for*a researcher or teacher to pretest a subsample of ‘the target

population on the principles of interest_t6 gain this information.

Suggestions for Further Research . ~

-

Additional research to clarify the nature and impertance of the

significant interacgtions involving sex has already been’ suggested. The

more -important area for furtHer researchgvhoweyer, is the area of

central concern ih the present study: the effect of' the kind and the

amount of instruction provided on principle learning. . Further research

-

d focus on such questions as whether the effeétiveness of a ration-
+ : '

. : ally.selected set of examples and nonexamples~is qoe to the variety of

_ L the'instancesior sinpl& to the num%er of instances, and Qhether instruc-

N, e »
tion'on\concepts related in 4 principle- that is designed fo integpdte

* the concepts with{one another as they are taught (possibly by teaching

the principle and the concepts simultaneously) would be more facilitative

’

than the type of ﬂgatruction provided in the present study;

.
Q A : Co

o : B 51V




Conclusions
ra

The following méjor conclusions can bé drawn from the results of

the present study:

1. 1In general, providing a rationally selected set of examples

and nonexamﬁles of a principle is more facilitative than pro-

viding one example.

, 2. For very simple or easy principles a rationally selected set-

. - 1

of examples and nonexamples is equally as effective as one

.
. ’

-

'examp;e if preinstruction on concepts is given, but is'sig-

v

' nificantly\more'effective than one example if no preinstruc-

|

tion is given. . .

3. Even svhen gtudents are able fo identify the statement and
correct applications of a principle instruction involving

’trqining on subconcepts and examples of correct and«incorrect

I =
a

appiizat;ons of the ﬂrinciple can facilitate the students'

abilitixto apply the principle.
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ABSTRACT

. The present study ipvéstigated the effect of two external condi~

. tions on'qhe’leagning of principles by children. The‘exterqal

¥
) A '
:cbnditiqns were instruction on the major ,concepts related in the

A ’

4. principle and: the number of tedching examples (correct applications)

and teaching nonexdmples (incorrect applications) of the principle ’

presented with.a statementsof the principle. ’ ) :

’

Subjects were 159 fifth-grade students of average ability and *
socioeconomic status. Two principles from each of two subject matters
* (mathematics and language arts) served as the content of the learning

o - R

task., One principle from each subject matter was designated as. 'easy' ] o

. . and one as "difficult" on’ the basis of previous research,

- ' The principles were presented in printed, self~instructional )
<

Lesson booklets. ‘Several versions of the.booklets were prebared’in .
. by
which the instructiomal variables of interest were systematically

///// ‘ varied. Variations in the type of lessons %éad bixthe subjeéts con~ ,: . *
-|s¥ituted the experimental conditions. Mastery of the principles was .

determined by tests designed to assess subjects’ knowle&ée of and
- . ~

’
*

ability to ‘apply the principles. ]

In general a rationally.selécted,set of .examples and nonexamples-

was found to be more facilitative than one example,\hlthough it was

concluded that ‘for easy principles providing one exa@ple'was équplly. o
- ) . - , } N

effgctive as a rationally selected set when instruction on concepts i

e related in the printiple was also provided. Main effects for instfuc1 "uf

tion on Eopcépts related in the prineiples were not found to be N

- ‘

s;gnifiqgnt; the conditions associated with this unanticipated result

PN
~ . . . -

were discussed. ! )
. . . AR S ix ‘
‘ T e —_— :
“ 106 - ' ,
' , N ' “ . ., . - , — . ﬁ
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R This lesson is dbout three words. You may 'alreaWow so?’n?éthing about
these words, or they may be new-to you. Your job is to read thé information .

N
N N

about e.ach word carefully and to try to learn it., . wew 2 -,
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Let's begin with the word plure%p A;fRéagi the informatiop ;i.n the box below. / .
MR 4 \
T M : e P
It tells you what plural means. :: . ? g T ‘l b, .t AT
' ' . vooe L £ ‘4 "‘, v K
{ ¥ .'.'- [ i L [ * =3
R ¢ < " . "’ . -
n v T ("T}‘-- - s R PR et *
- L o4 ~ oy,
. .| Plucgal is a woxrd that. Jds used to show ..° o
. ., s
. . that more than one, of something is mpent. vy B “'.
- B [N W2 F
7 : - 7 PN & R
S, \l‘,‘ . . / . ,:‘
<. < s * N . -' .
Y 1
For exampl’e o.f I asked you to wrlte ‘_the p_lural form of the word cat, L
) - .- -'.,—. :" s N *
you would write the wOrd cats. The word-:cats means more than oné cat. ) .
A > A :
TG
Here is another; example. I" I asked yoxr to write the f:lural form of the
N P . \-"'
word box (you would wra.te the word boxes. You would know w‘hen I said p_lural
..../"" i - -
z ,“.,‘« .. ,/ - -) s - ,
I meant that you should wr;l.te the word that medns more than one box. iy
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' Now, to help you really understand what plural means, read this page.
\\ “ - . - . s
- ~ R N * . €
A . ! - ¢ s
Suppose I asked you to write %he plural form of the word mothers. . Would
s o .
you be able to do it? No! The word mothers is already plural. It already
means more than one mother.
AN
- | Now suppose I said that the plural form of the word girl is ‘girl.‘ Would
... this be true? No! Plural means that more than one is meant. The plural form
%,“‘*‘ w. .. . . . . .«
- of girl is.girls. . o
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’ Cafefullyread- the information in thé box below., It tells you what
singular means.
\
4 N “'Q\ -~
Singular is;agkcgq:that is used to
- show that only 'ohe;\"c;f: something is meant,
?
Singular is, the opposite of plural. Singular means that only one of
something is meant. Plural means that more than one of something is meant.
So if I .asked you to write the éingular form ©of the word‘girl_s, you would
write girl. And if I asked for the singular form of the word ;boxes, yougwould
write box. .
¢
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e *
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Now, suppose I asked you to write the .singular Jform of the word horses and
.. you wrote the word horses. Would you be right? No, you would be wrong.
Singular means that only one of something is-meant. The singular form of the
word horses is the word horse. : -
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Now you are going to learn what the word noun means. Read the' information
. ,— ’" 3 .
in the box belovb ’ . ‘ R
: . ",\ \
M s, - )
! ' : ) :
A noun is a word that is the name of a . .
- 4
person, place, or thing. L
-,
The important thing to remember ‘about a noun is that is names something.
So any name is a noun. ' . ) o
v " ) ’ V! .
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' BEAUTY

Y

TOM is the name of a person.

7

BEAUTY is the name of a thing..

INDIA is the name of a place.
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4 Now. 10ok at these words. They are not nouns. Do you know why?
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N .
¥ ot o .

. : | . TALL BARKED' IMMEDIATELY

] - L]

' »
These,words -are not nouns because they do not name a person, place

.

or thingo a' N s
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Now test yourself and see what you have learned. Answer the questions

below. If ygu are not sure of an answer, you may turn back to f£ind out

what it is., .. ’ o

. i .
. .

|

) 1. Draw a circle around all the plural forms of words below.

- .
EN

h ]

A geese jungles L

- N

€

*2. Draw a circle arpund all the singular forms of words below.

o

. "fathers home truck countries

3. Draw a circle around the nouns below.

" | .
‘:i‘\" ;:‘t ) .
PEANUT . RUN UNTIL NAIL
4 ‘ ¢ :
> ] J )
~ " '
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Here are the right answers. . . ‘ -
AN e ,
.‘ . \/( -

vy .

Draw a circle around all plural forms of words below.

%

/
.
\

.
.

2. Draw a circle around all the singular/égrms of words below.
\ - ,
\ O
~ fathers home fiiif/// countries
3. Draw a circle around the nouns below.
PR A ) ’ ) v
N R
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This lesson is® about two words. You may already know something about
. these words, or they may be new to you., Your job is to read the inforsation °
about each word carefully dnd to «ry to learn it. .
. . , <~
» . ~ ‘ ).
These are the two words you will read about in this lesson: .
- ] .
1.) NOUN
s 2,) CAPITALIZED . =
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It tells you exactly what the word noun means. .

A noun is a word that is the name
‘ v
{ of a person, place, or thing. y ’

rl i

Let's begin with the word noun. Read the information in the box below.

The i;p tant thing to remembef about a noun is that it names something.

So any name is a noun. .
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Look carefully at these words.

one is the name of something.

TOM BEAUTY

TOM is-the name of a person.
BEAUTY is the name of a thing.

INDIA is the name of a place,

I3

INDIA

= .
‘ :
2
They .are all nouns. Each .

-- {
T,

.
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Now look at theser words. They are not nouns. Do you know why? !
* ' .
. TALL -  ,BARKED - IMMEDIATELY
"’v'.."
. R SRY .
These words are.’riot n{:uit? because they do not name a person, place, '
or thing. )
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There are two kinds of nouns. There are ptoper founs and there are -
-, ,' I r3 - . N N .
‘ » ‘ / . 3
common nouns. P e .
S~ : NS T .
e - ; - el
R ‘ .7 .. /"‘_, .ol .
J Lol :
-~ : . ¢ S r'/f’. o L
. : - 4
L A noun is a proper noun if it names ‘one p gﬁiéular person, place, or i
‘ T - * . '.’l bl ~ ,/ - : E j
thing. For example, your name is a propex.noun. It names you. Here are some ,
‘ ' X ] - R _ ) L
v . . ,- e y - i
other proper nouns. They are underlined in the sentences below. Each one 1
- .7 v \ '_‘,—2- ’ E
. names a particular person, place 6r ‘thing. R e L
, ’ Tore . |
! . -~ :
- . . - L& i
« My dog -RAGS is happy. - .- z
. . _ R ?
/ . - S 1!
S , (RAGS is the name for a particular dog.) o “— é
- . " ~ 3
C , -~ - et :
RN . . ' 2
: o . .- :
I live in PARIS. . = . - j
] i ’ v i
! , (PARIS is tHe name of a particular place.) - . . =
’ B . ’/ . 12« e b i
. T . v ’ / - v ¥ / ; . '
. : 14 \ - -
R . . '»._: 4
Come™-here, .JANE. : ' P i ' ;
. , ’ ) LN . \// . ":':
’ . (JANE is .the name of a particular person.) N PR
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person, place, or thing. For example, the word DOG can be used to name any

¥

A noun is a common noun if it can be used to name more than one

r
L 4
dog. It is a common, noun.
Here are some other common nouns. They are underlined in the sentences
- "
below. : ' ’ .
PR A .
/' ¥ ' " !
_;i : A CITY can be dangerous.
I am a GIRL.
. N - a
. I will climb the HILL.
., :
g ! .
» - A ..»w
. E
. 4
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Read cach one carefully.
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- Now read about the word cagltallze in the box\
. PEENS

below. o . ‘

A

Capitalize‘meéps,to write the first letter

'

: , g
) of a word in capitaf{letters.

‘ | - Lk ‘
+ Look at the words belaw. Each one is capitalized. ///~\ .
N . . . v ° ‘”5 . ¢
R . _ .
) Before | e o
. ( . N
- L Him o ’

, Silently

The first letter of eéﬁh of these words is a cap}tal letter. So these words

o

are capitalized. . . )
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wgrds. The first letter of each of these words is not

“  Now look at thes

Y]
es

words are not°capitéiized. .
4

a capital letter.s So

. - . . v

be%ow

. her
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1. Draw’p circle around the nouns below.

PEANUT . RUN  UNTIL  NAIL o~
2. Draw a circle around the proper nouns below. | )

TEACHER MISSISSIPPI CATS CAROL

» - ' !

3\ Draw a circle around the capitalized words..

subjecy New Freedom Vall Airplane
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Here are the right answers.

2. Draw a circle around the proper nouns below.

’ TEACHER - (MISSIS I CATS CAROL

’ N

3. Draw a circle around the éapitaliZed words.

subject <i§g£> <§EEEEEE£> wall (Airplane

>
+ s -




ERIC

Aruitoxt provided by Eic:

3
v

Name .
A -
Date - ’ ' \
2
Teacher '
School. _Grade
Circle One:- GIRL BOY
N .v I
[ 1




-. . . P e
( . * DRI «
- N ' J . ~
. -~ , N . °- : .
\ . v o~ )( - e
, .
- B
. -? .
. - K3 - &£

-

LN
e
o .

w

‘ . WORD LIST, . ' ? '?\‘.

¢ o
2 Y
. " [ t <,
- - L, N . &°
‘ " - 1. capitalize N o L §
. - . " ! - ” * N - v N -
‘ 2. pérénnial _ . T . T
o t . . . N R . r. 1
> - ‘ - . FEE3 e N v
¢ .
. + 3, triangle . . . . ! . LT .
[ Y - .

4.,p}qper o < P : .. - % -

' 5. s}ngular , ) .o N _
6. éim}lar ' R PR
. » ’ > ; - ,‘.. ®
- 7. common N : R Cy
. 8. equilateral . -
: . ‘ A
[}
> . * 9, plural . v . e
. .10, degnees ‘ N ‘ . ‘
11, particular R T . s

. .12, angle A " - o

. N .
N ‘e -
- L4 Y
. LY +
- . . . .
- .
‘ 2. N .0 . ,
¢ N
.S . ! . e . .
' »l . :
S ff L e el
- . -t g .
.
[ L. R .. -
l“ -
. . -
' .-, . >
. . 1
. 1
. - - - - )
- , . L3 ~ g '
. - R 8
LY .
"
- ' s e, RN
.
L}
. - Vs, . P ¢
. R @ O . B
. .':57 » Iy » [y o
. . - . . s \
A : .
4 ) > PR e ! .
P »~ - . R
. . ‘-
. . v L e [ -~
. 3 < I
. . [N . .
R .
. . <
)
. -~ q
¢ . , . avon . -
N N
.« . .
. ..
4 .
- . PR .
k4 .,

o o e & -
. ) A, ;




ERIC

Aruitoxt provided by Eic:

This lesson is about three words. You_méy already

~

R TN
know something about these words, or they may be new to you.

Your job i§* to read the information about each word care-

4

f d t t it.
ull% an o try,to learn it o

These are the three words you will read about in this

lesson. e
1y ) ’~ y
- s M .
1§
1.) ANGLE . }
¢ 2.) SIDE .

3.) TRIANGLE ,

v
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' ~ . ANGLE
. //"" .

Let's begin with the word angle. Read the information

in the qu'belowu’ It tells §bu exactly what the word angle
P >

’
4

meaq;{ .

7 .
/ .

An angle is the shape made by

. two straiéht lines meeting in a point.

1y

v

Now look at the figures below. They show four different

angles.

. The ‘arrows are pointing

at the angles.

' :

<4
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. Now look at these two figures. They are not angles. .: .-
. . N * . . . »
: Do you see why? Read on and find out. /! P .-
~ N * » - ,
. . P o
. RN B {
h - : j ‘ ! :
N ! { Lo . +
\ 0N ' » p b
' . f : ' / ‘ T
- / B ) ' ’ :
. a < - This s net an angle because the
- vy o~ . S0
; . s é[, .
- Y . “lines do not -meet in.a point. N
* . i [ . 6 a
. . o )
L o -
— e .
Ve -. ) ’}/"’ :’r N
[ ‘ ¢ v -

! . \ Thﬁq is not an angle because the lines

. s )
are not straight.
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Now look at these figures. You can see that theip
sides meet in a point to make angles. The arrows are pointing

atgihe angles. Each‘figure has a different number of angles.

This figure has three angles.

!
E

-

This figure has four angleé.

I T P T T Py U VT - P Uy ¥ T VT




:‘ Ve . *
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\\‘\ ¢ -
N .
‘a - by 1]
. . Not all angles -are the same size, :

- - .
“ .

Some angles are big, like this one.

Some angles are small, like this one

¢ . ) * 4_

The size of an angle is measured in aegrees. Big angles

P

. . .are many degrees. Small angleslare‘only a few degrges.’ Look

Pat these examples. -/

<~

The angle the arrow is pointing

~

\20
‘ at is 120 degrees, For 120
' , degrees we can write 120°.

. L.
v. v
-

The angle the arrow is pointing

"we can write 10°.

o

Q h .’ . .lfj\) a .
ERIC . .

Aruitoxt provided by Eic
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¢ SIDE -

The next word you are going to learn about is side.
You. probably think you know what side means. But hert we want
you to learn a special me3ning for the word side. We want ycu

to learn what the &ide of a figure zgf-fﬁﬁ read ﬁﬁgféefinition

in the box below.

LS. Sullhd o

R oumy

'l Side - any of the outside «Wlines of a figure. *}

—iF

To‘help you dnderspand what the information in the .

box means, look at these figures. The arrows point to their

sides. . ’ B

v -

150
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Now look at this figuré. The arrow is not pointing X

It is pointing to a line inside the figure. sj

' to a side.
Remember, only the outside lines of a figure are its side

‘
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Sometimes the sides of a figure -are the same length.

For example, look at the figures below.

-

e

The sides of these figures are all
the same length. You may measure

e T the sides yourself to be sure.

.

Sometimes the sides of figures are not the same length.

Look at these figures.

y The sides of these figures are hot
\
all the same length. Measure

_ yourself to be sure.
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: ' \ TRIANGLE

N ]

- vy . Now you are going to learn about thé word triangle.
S x

&

g Read the definition in thé box below. It‘tells‘ypugwhat a

triangle is. 7
AR
: - @ . ‘; . \‘ aw,f‘ .
AR ‘
. : 2, -

- S .
’ A triangle is a figure with three straight sides. °*

- ' - -

‘It also haé three angles.

AR "\\
: 3 '
S ‘ R
Now look at these examples of triangles. -
R ; - ’ . '. <R :
° 9 \ ' ‘%7. » ~ S ‘,,.') e
These triangles’are different sizes.
’ , " -
. N . < ... <And they,are all pointed in different
diredtions. But they are all triangles.
L4 .~ ? ! .( ’
- . s They all have three straight sides
) W x : ~ LT .
. and three angles.
- { ‘ s K L8 ~
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Néw to helpmyou really underﬁta d what a triang}g_is,

- .

look at these figures. They, are no triangles.

. ~ . -

)

'
[
~

This figure is not a triangle be- .

cause it has more than three straight

sides and more than three angles, It l

- ) .

- has four straight sides and, four angles.

“
’~

; - Now lggézéi this figur?. It ds Pot '
a trianglé“éi%ﬁéf. ‘Can you see &hy? ’ .
It has oﬁly two straight sides and

one angle.
{

-




Now test yourself and see what'you have learned.

Answer the questions below. If you are not sure of an answer,

you may turn back to find out what it is.

~

1. How many angles does this figure have?

2. This angle is ' . degrees.

®
?

3. How many sides does this figure have?

4. Draw a circle around the tfiangles below.

'

<
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) . Here are the right answers. %

2

-

How many angles does this figui‘e have?

N
2." This angle is 70 degrees.

10° ) |
How many sides does this figure have? 3

3.
- J. 4, Draw a circle around the trianglegbelow.
{ “
. 1
)
a ~
N
g,
1)
/7
’ : t i
»

4
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) * *' WORD LIST . .

‘ -1, ‘capitalize . ) o . o
; : ‘ o -
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- _ 3. triangle . _ . . . .
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»
You may already know something about ‘

. This lesson i{s about four words.
I

]

these words, or they may be new to you. Your job is to read the information

about each word carefully and to try to learn it.

[ 4
These are the_four words you will read about in this lesson: » .
. . )
1.) SHAPE
- . 2.) SIMILAR ‘
“ “ 3.) TRIANGLE
. 4.) EQUILATERAL o . AN
> -
. . .
§
N 4
. ;

: | .
-— |
N . |
- . S
> . | |
- - ~ di
a |
: , ) 1
] K |
- |
= 16() Y ) |
|
|
|



SHAPE ;’

t

Let's begin with the word sh§pe: Read the information

-

in the béx below.| It tells you exactly what the word -shape

means. ) .
14

[}

Shape’ - the way a thing looks

becauge of its outline.

The shape of,this figure is long and thin because it looks

long and thin,

-
s

it looks rourd.

160

Thé shape of this figure is round, (or a'gifcle) bfcauée a

151
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.
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Remember, it is the outline of a\figure that decides

. . :
‘what shape it is. For example, look at the figure below.
) o ) - t A ‘
il 'c:‘. . -
A3 i -

o
i
\ . ‘G <
L T
- N ‘-
) v

.

Thi's figure has several shapes inside it. But the ghape

of thqﬁwﬁole,figuré is a-square. Remember, only the outline of

a figure decides what shape it is. o '
] ’ ’ .
% ,\‘ .
H
o o
t
, g .
. ' w] "";} % -~
- - ‘ * ~
N /
. /
1
. . /
- f
/
!
‘1 L
|
I
- ‘
T

-

.

«
4
-
¢

N
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‘SIMILAR - 3

.

Now read about the word similar ;& the box below.

. .

may be different in other ways.

If things are similaf, it means that

.

: t
they have the same shape. But they

P - A ~ v

For example, similar figores
' <

have the s¥me shape. But they do not

havegto be the same size. And they do not have to be "pointed" in

’
-

the same direction. Similar figures are almost, but not exactly,

-
; the same.
To help you understand what
examples below.
~ A}
' 2
) L4
. .
S L .
e N '
N T \\ * ! .
WS —_—
\\_ by . - -
RS it
\\\ F
Lt X L
‘f E.' b ii",
" . 5y
G o
Q‘:‘ Ve 3?
A %
'.\"‘ o gs;
gt A - L3
R i
i”;f:\ £
* & E e
W . {4
.. £
= &E
\.‘ ‘._‘{, :
- % 2
. B
s )
. oo
3 &
5
.3
A
. - £
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Aruitoxt provided by Eic: ’

‘similar.

similar means, look at the

.

These two figures are similar.
They are the same shape, but one
is larger than the other. So

they are almost, but not exactly,

the same. ,

.,
e Gy one o -

Next look at these figures%

- (1

They are similar too. .The§

&

are all the same shape. But
some are bigger than others, and

they are all pointed in different

.
.

directions. They are .almost, but

not -exactly, the same. They are

.
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_Sometimes when two things look exactly
alike, like the two figures on the left,
. , d" they are also called similar,
N
. These figures are similar. ' ! .
-~ y . -
A1
- ' ‘ \/\/) ’ * j
’ _ Now to help you really understand, look at these figures. They }
W ° i are.not similar. ch one is a different shape. ;
DA N R oy .]
o ‘ |
o « : * 1
, 1
J
- |
: |
' 1
’ ‘Q’lkv i
i
. Next look at these figures. They are not similar either. Each one is |
14 : . i
’ i
a different shape. .. . |
- i
i
-
’ R .
' Remember, if things are similar, it means that they have the same shape. ) ;
[ " 3 . - i S ":‘ '_'
161) oL - ;
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\ 7 . . :
¢ .’ TRIANGLE . . __’ .
' - Now you are going to learn about the word triangle.
, - Read the definition in the bdx below. It tells yoa what a
AT ' .Eiiangle is. '
. \ |
) . ) \ o . "-: . :
{\,,_,% 1 - )
,/// A triangle is a figure with three straight sides.
//\ . It also has three angles. / .
( : = ' :
P Now look at these examples of triangles.
k L - .
\ . - ' .
\
. \\ , s
P These triangles are different sizes.
/ Add they are all pointed in different
K | ! ‘ directions. But they are all triangles.
- / ) | . _ They all have:thré; straight sides
. J /’ R . i . L 300
52@% L . . and three angles. }
S0 /' -
- : / - . . ° .

. Catn
[
’
S er -
. .
.
l\\
r
o S
4
]
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L]

look at ‘these figures. They are not triangles. .

’

" Now to help you really understand what a triangle is,

)

-

AN

S

~

This figure is not a triangle be-

cause it has-more than three straight

has four straight sides and four angles.

, .t
. e >
?, ..

™

¥ Noy look at this figure. ,It is not
a trianglggéither. Can you see why? e

I
. 3

« sgides and more than three angles., It %
;

1

3

i

_ |
It has only two straight sides and |
i

|

one angle.

! .
\ \
R N . .
. N .
'
B
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’ ‘ ‘ - EQUILATERAL .

-
-—

& Now you are going to learn what the word‘ . s
14 , -

& o
equilateral means. Rgpd the information in the

- box below.

— -
A2

Equilateral means having all sides eqﬁal.

[ . N
. equi means equal

lateral means side

o ’ Look at these figures. They are all

equilateral because their sides are all the same

1

¢ length. You may measure the/}ides yourself

+ to check if you 1like.
"’ )
l , ' A4
1 . -
i " T e

3
Q . f o 1

+ e v

z

.

a

~

.

~ N
v

.
>
)
.

.
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¥

equilaéeral. Its' sides are different lengths. &
: X d ;

Measdﬁ% and‘see foryourself.

i

kS
by

T

i
k.

s
bk
W
-

3

I
.

-
¥

.

B

el g

W <
N B A

Iy
- .

Now look at this figurél It is not,
{ o - rro.

. :

o
8 = -
7

o) .

St

5

e A RS
L

4

b,

s

N
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/

Let's put the words equilateral and

triangle together. We get equilateral triangle.

, Do you .know what an equilateralit;iangle is? . It i§
e ‘ e ", . £
a triangle with three equal sides. Look atr the .
figures below. &
1]

N

+

.

These are all,equilateral triangles.

- =

- The sides of each triangle are the
o same length. .
\ - :

A4 /

" . !
Now look at tﬁis triangle. It is not
; .

equilateral. Its s$ides are not the

same length.




160
. ' ; '
s Now tlest yourself .and see what you have
< . .
learned. Answer'the questions below. If you are nat
sure of an answer, Yyou inay turn back to find what it is.
. . ‘ . . J

3e .
o 2. Draw a qftcle around the two figuresabelow that are
simllar. . §
. 3. Draw a circle around the equilateral triangles below.
| A A & ‘ |
.Y
( .
. .
- R
17 | |
. II () [
o .
ERIC ™. -
A it e .
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v ‘ Here are the right answers. . ,
v/ ( o’ )
- , &
- 1. §%?Z ‘ ‘ The shape of this figuré is a
- . " - star. .
s L 1. ) = i ’ Ve
[
i !

2. Drsw a circle around the two figures below that are similar.

3. Draw a circle around, the equllateral triangle below.

. .
4 s
. . o4 .
P
* v
- +
J
e
AY
\ . .
:
A !

@
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» J ! ?
t ' -~ . . - - 4.
. 4 . . L ‘AQ
164 ' - . T .
% . . . [ 4
V. .o _ > .
Language Arts g Easy Pringiple . . v
. , N e * @‘ ) 2
Statement of principle: A singular noun names orie person, place; or
, v, thing. A plural noun names more than '
. person, place, or thmg X . )
S Subconcepts: g . 1. noun i . 5. person, -place, « *
( 2. singular . K
. 5 & ¢
, «++ 3. names 6. SO
. 4, one 7. . o
& 1 ' ' i & s h
Relevant attributes: 1. a) singular neun =~ = * g _
‘ b) n a&:s one person, place, or: thing . ,
\ . ° %2, a) plu¥al moun ' @y
- J . ‘ . b) names more.than one pe .
\\ . or thing ‘. . —
. Irrelevant attq:ibut;l)' 1. irrelevant attr\lbutes of noun L. R
: 2. whethet person, place, or thing is named s
' and irrelevant gttributes. assoc1ated. wit,h
. . ’ : « each of those % ’ cr v
: 3. how plural ofwnoun is formed C o
. . 4. how many persons, places, or things are. °
’ ' ' rﬁed by plural noun . . o .
Rationally selected set of examples and nonexamples“ ) < .‘,,33: ‘e L/
L R
i "N RN “
P el “ ) ’ ’ .. r\ ‘
R .
9: -
= .:.ek -~
. o. 89
. g ' N
PN
.4‘ ) - . . ‘8?' .
e two fans A R
M . .t o ” ¢ :.fﬁf ',_,
Washington, D.C. is a city in the.United Statés -° & )
. " . . .., ‘? ” :E.i
’ ‘ - . - - . . hy -
. ‘ M N ‘ -, ‘ Y . 3
) . ‘Washington, D.C,, 'Madison, and New York are } . . ”
. ' B ’ Lo LI
* cities in the United States. =’ . . |
- - N . .'/ ,
-~ 4 . o . '
"~y hd
. ' 1 )
- N ¥
1 . ! . Q"
\‘1 ( s ’n . -
) ' ) ! . 4 ?‘ . X ‘< ‘;
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- (]
L :‘
- .
- el 2 «
[ 24 e
. .
- *
A . .
y . l " et
’
L . A rl
* PS f ‘
AQJ
N -
2) Nonexanmples
* 1t
14 ’ | .

- . k'
. \ *
N . .(\ . €
$ ¢ - -
» / ‘ - .
. - ] .
v - 1
== = > = ) ! * “‘
. . 3 one mice ¢ ‘ . . i
[ ke S @
= N . - , . LY ]
. > ~ .,
< ¢ : ¢ ' ‘ ’ i
< . 5 . . .
N ', ¢ . L . }
[} - - . . . j
. 3 |
. . ) '
) : . ‘Rhine River . ) . - |
- N ) . . \\' - ) i
- . . ', Mississippi+River ! . - .. Y
. . . .
. .- ) ) ' ¢ 1,
S . . Nile River ’ |
- . N L : > o
= B . s * . N , ?
v . ~ " , . . " - ' 1
. " Y s 5 . R . . - :
.- » o o \ \'";: . . . . |
: - é? three river ° . : B a
K ’ - .

S N 175 - L U
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A FuiText provided by Eric
&
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Problem solving situatdons:

. a8

~
v

1) In which group of words should an s or an es be added
to each word to make it plural? Circle the letter in

tT . front ‘of the cérrect-answer,
a. children, fricend, table " o
? b. ball, mice, pencil '
c¢. day, shoe, geese '
d. glass, coat, committee
! e. I don't know.
I. . Fe .
2) Look at the list of words below. some of them are
-t .
plural nouns. Someé of them are singular nouns.
N4 Draw a circle around. all of the plural nouns.
\ \ ,
- class
calves L
N\ ‘
\‘ - men
. N s .
. , bed
»
1 v
. . .
"oa
L4
. -
' 0 -
‘. .‘9 -
4 ~
- " .
2 . 4 , . | RIS
i - v
“ .-
N v I )
4 . + a M .
* ‘ . - .
R 10U s
s . . . L
‘ B . , R ° 1% '
- . ~ ~ . 1] '
. . . - 4
o . . ! * ’ a
AT ‘ N s L, ) ¢

.4

T T T I

e



Language Arts - Difficult Principle ’

Statement of A proper noun is capitalized.

principle: A common noun
. - L is not capitalized.
Subconcepts: p 1. houn
: ‘ 2. proper noun
3. capitalized o
. s ‘ + 4, common noun - ) h
. - ' )
Relevant attributes: 1. a) proper noun '
: . \ b) capitalized . .
! 2, a) common noun . ,
\ b) not capitalized L) -

Irrelevant attributes: 1. irrelevant attributes of noun *
2., whether person, place, or thing is named
. and irrelevant attributes associated with
: . . each of those
) ~"& 3. p031tion of noun in sehtence’
4.7 whether noun is.singular or plural

. '

Ratlonally selected set of examples and qgnexamples.

1) Examples. That girl is named thy.
The largest states are Alaska and Texas®™
The smallest planer Mars, looks red.

§ »

I have three Dogs.
I Tive in‘madison, the state capitol.

# ‘.

- . 2) Nonexamples:

> Problem solving 31tuationS' . ) ot . -

! . l) In which group of words should everyeﬁord "be cap
. Circle the ietter in front of the gogrect answer,

\\ \v.'

alized?

a.
A\, be
- ‘\‘..(‘:.
* 3,

: ) ' R é}‘..

Look ‘at ‘the list of
they are nouns.
. nouns.

"
@ .

- ob

Some’are common nouns.
Draw a circle around all of the common nouns.

monkey, dog, nevada
mother, father, hope
africa, larry, ‘milwaukee
fire, waxr,, peace .
I don't know.

Pretend that
Some are proper

nonsense words below.

dax ‘ N
Tas

Boz .

167
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Statement of prinéiple: If the three angles of a triangle are
: in number of degrees, the sides of the tri-

P

Subconcepts:

Relevant attributes:

- v

“

o [
Irrelevant ‘attributes:

Mathematics - Easy Principle

¢

Q

angle are equal in length.

.

. .

avunn S~
.

_equal

angles (three)

triangle

equal angles

number of degrees (of an angle)
sides

s

length‘sides :

three
three

equal angles .
sides of equal length

irrelevant attributes of equil%teral

triangle-

/

equal

s

is deter-

&

the way the sides of the angle
mined '

the way the length of the sides is
J : measured

. Rationally selected set of examples and nonexamples; -

|

1)) Examples

FL

¥
-

= %
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’_"3‘, /'/ . ,'. . t"\ - N
Problem solwing situations: L ' v
ok ., AT .
7/ ety E
S N e .
AR . .
T..Aﬁéles X, Y, and Z have gxactly the same
o .y
number of degrees. Suppose that side y
. is 2 inches long.” How long is side x?
s . . .
Circle'the letter in front of ‘the correct
° answer.
. n Y ,
- a. 1 inch
‘ » ;
oL S b. 2 inches- )
.. ¢+ .3 inches
... d., It-is impossible to tell without measuring., ¢
¢ ¢ 'E e. I don't know.
= & . P
. : ¢ ) .
¥ ’ ’ ' s . L & -
. --- Look at the triangle on the left. How .
. 4 :
long is side y?,. .
Circle the letter in front of the correct -
. answer, o .
» - -
a. 1 inch < & i
’ o = R . .
'b. 2 inches ’ . ,
o e, it is impossible to tell without
. measuring. .A- R
- “ . ' -
x d. I don't know. .
- v ‘. .
8 . . v,
) & ) .
- & 1-10 v . '
~ . A » - .

U
T N U T

v
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e Mathematics —'Difficglt Principle .
Statement of principle: ‘All equilateral triangles are similar in shape.’
Suﬁéoncepts: 1. all N !
. 2. triangles A
3. equilateral triangles
- 4. similar in shape -
Relevant attributes: 1. (511) equilateral trlangles
‘ - 2. similar in shape . . \
Irrelevant-attribdtes: 1. irrelevant attrlbutes of equilateral
' triangles
. 2. spatial orientation ‘of S1milar equilateral
oo triangles ‘ .
*.3. sizes’.of . similar equilateral trlangles
4. number of similat equilateral triangles in
. an array
Rationally selected set of examples~-and nonexamples: -
' , ) 1) Ei{an;ples\ - ‘ . - L
: ' P . . -
! ) _’ ’ N } ‘ ‘I
. L
A B
3 ' ) . :
AN . * - * Q-
= - * ®
v, -
—
4
. N ¢ .
i . -
— .
~ . ) i i
: |
- 2, . 1
IS » = ]
- ‘e v . i
* * ! 3 a Iy N i
‘ N < * * ‘3
4 ~ (Z -':J - . .‘ . l%
A 1‘{ . . Y » - ;- A - ;
S . ‘ .




> < +
» i
Y AR -
\.- . s
. ' . 2) Nonexamples . . )
T
L. E]
T
.’ o » T
h . KRS
)
- . . \
\ ® “‘\‘
- '3 .. . ‘f
- 1 - a
Fa \ ' .
? ' o .
g e .
Problem solving situations: s
v ) J*\
. . g
, . ¢ - -
M l) . A ' 1;" ﬁ_}) - "‘V
Look carefully at these figures. Are they similar in shape?
L . . ,“ -1 . '
bl sl AN ~
B \ . . e < ~ N ~
. Circle the letter in front of the correct answer. .
¢ » - . ¢ ,
o~ . R . * <« ES
- &
. an % <
| . : o /
| 4 ° - . . \
l * . - -
.‘), . X . ¢
: w0 . -
, . 5
L4 . . - * - _' -
. 7 - -
- *, a. It is impossiblé to tell without measuring.
| - =
- L4 » Iy
- b, :No, only some of them are-similar in shape:
; c. Yes, théy are all similar ip shape.
19 .. »
L] i - . N .’
i d. Yo, they are all different_sizes,
N M“O . ‘
.e. I don't know. s B
[ _ -

ERIC . .
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. -

One side of this cquilateral'
¥ ' ®

triangle is 2 inches long. //
N \

Suppose that theréywas a second

s;f;l‘;\ '..

s%milar to this

.trigngle that was

one. How long would one side of
the simila;‘triangle be?

*

/

Circle the letter in fpont of

the correct answeé.
a. .1l inch
2 incges
'3 inche(.z
it is impossible to
+ without measuring

e. 1 don't.know.

IS

o
&

» -




' ‘. - APPENDIX D

= .« . PRINGIPLE-TRAINING LESSONS _

.
> . : 2y
4 - oo . . -
¢ L .. : -
- " * - . :
. , - b
> . e . N ! . !
h 4 ) ,
. ° ¢ Lew . i
' . v . , -
N
N L)

N
v
-
.
.
«
°
»
. .
.
~
®
-
.
.
..
‘ .
N
.
v
.
[N -

. .
. ". . B .
- B * ’
1 - . B \ o >
. . .
- . ! 3 . . ] "
. L [y . .
5 . ~ : 4 .
. ¢
. . [ .
N . . 4 . ~ . 4
* . .
N -
w . .
- s '
* .
- . ./ ] s aa
hd ’
. - . i
. . ' ; /
. = > .
. . ~ . . N .
. N ~ N R ~ v
- . , - . N . .
. o
- ~ . - ¢ s
- N . . - . . .
. w, L C, ’ ‘. . . r” 4
. B “< . A
‘ e ~
b «
' - - PO ‘., , . -
‘ > - . » -
. ¢ ' ,
* i . * . . ’
s f ‘ - .
.o . B » ' - .
’ ’ ~ . . . D ) A’~ -
a - - ¥
. , 3 . N
, ‘ { . §:?73 o . . X
o e . “ D N N
@ .. A % TN
’ N . . < . s - PR - T o . “ NN
- A . ~ . N N < . N -
h « . N ’
h S
n > P . .
- ' - ~ ~




' h

»
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Name
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A ruText provided by Eric
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Now’you are going ‘to learn an important fact about nouns.

[ 4

Here it is:

w ——

S
’ t
P, ‘ A B§ngular noun names one pergdq, place,
-, |
- or thing. A plural noun names more than
i) . *
’ . one person, place, or thing. .
. 9
Y . 110
Read the fact in the box once more. Now dook at the figures below.
- / 7
1.
¥
. . \ 3
A * ‘
— R
/ . 7. :
1 two, fans
. )
1 - h
3 . . « - * " .
. . The word fan is a 31ngu}ar noun. The word fans is a p%yral noun.,
' < ' ' « N v‘ il + ' .
. It names only one thing, the ° It names more than one thing. It
drawing above. . names°both 6f the drawings abové,
. Clin oy hd 1«*‘!}(}; . . - .
/\ N‘“% ‘ . ’
- ¥ & . . 4
. 7 éﬁ‘ = . ’
”}) P ..& > ‘ ®
'\, gé . k Y
DA : 3
3. , W . hid . AR -
. N , . N ;
4 © oo RN B i B
S } ' . L‘;/ N N
N s ks @ Ty )
Y ¢ 7 ¢ <3 3
3 : . ® ) Bl
. - \ ' 1
’ = ‘ b .
. . LT . o '
.. » - h ) -~ ' ) ‘ o ? -
- ) ”"’:‘: v ¢ - &,,,]; - i Ny !
- - ~ - - . | S i
, R , -7 e s . - ‘; ..:" . . ’, ) ﬂlr
. T - - 4
e . - - . Y - - ':
' . - - ~ Lo . P s
’ ' o oL ST TR
, . o e e L R
S ,s : - A
. e ., N N . ) . - '
: l . Ve P T s A . \» AN ! )
19 3 ‘ NSRS S 3
. - e J L o
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* . _ Now look at these examples. J

.

Washington;\D.C. is a city in the United States

h *

- In the sentence Above the word city is a singular noun. It names only one

-
|

pléce, Wéshington, D.C.

! Wa;hingtoﬁ; D.C., Madison, and New York are
1

cities in the United States.

&

-

In this sentence";hé word cities is a plural noun. It names three places,

- v

Washington, D.C., Madison, and New York. . .. .

>

.
»
&

v
.
£

ey
B

B
.
'
-
avamer
wGognw oo U
.
.
«
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Finally, look at these figures,

The word woman is a singular noun. It names only one

* thing, the figure on the*left. .

<

]

The word women is a plyral noun. It names more than

one thing. It names all three figures on the left.

.
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Now to help you, really und%rstand ,the fact on page 1 (turn back and read

b3 s ;
g0 RV
¢ N . . .o
; f\\-&
’ .+ 1Is this a mice? No! .
z “

.- ?
. . It ghould not be used to n.“
. »
‘&* o: . .
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e - N , .b -
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' Co / Rhine River.°  * -
o, - 2o} B
3 3 1 cce . . . °
7 0 > - Mississippi River
. \ N . [2KN N . . . . .
. 5 * . . . . - - , .
co . .o . Nile River .« e R ,%,
- ’ . - & ~
¢ » -SR] ! - .- Y _" N3
ot N : . L. o oTx
T
o o . Are these thlngs together called a r1Ver° Nov they are called
’ - L .a / ' * .
. .. rivens. There are {hree of them. 1 ey should be named by plutaL )
vy ‘ g . . : . : R
~ . - o . " . - .,
“, . noun. River is a singular noun. Rivers is a plural noun,* .+ L
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. Go back and read the fact in the box on page 1 again. Then read this .
: . . v, B . . ‘ ‘
lesson again carefully. .Make surezyou understand what the fact on page-l :
s A . . - . )
! N ‘ < L. .
means. .’ .o )
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; Now you are going fo learn an important fact about nouns. Here it is:
. . L
. T, o, 7
13 - ! ‘

i ! A prop:Z/noun 1s capitalized.

A comm

/

" noun_is not capitalized. .

‘e ~

* %

Read the fact in the box once morii Now look at the sentence bplow.

It contains one proper noun and one common noun. The proper noun is -

L] ¢

' capitalized. It is the word Kathx. The common noun is not capitalized.

Ié is the word girl.

. . That girl is named Kathy.
. Ja . .

, . ’ 7 : .
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Next look carefully at this sentence. ) ‘
* . [ e
. =
. The largest stapes are Alaska and Texas.
= . ~
S ' L ow
This, sentence contains two proper nouns and one common noun.
) ’ //’ —;\\ ‘ ) )
The' proper nouns are capitalized. They are the words Alaska
and Texas,‘ The common noun'is not capitalized. It is the
/ T
word state~—
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and one common noun,
-
and it is capitalized.

N ‘1t is not capitalized.
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Finally, lodK at this sentence. It has one proper noun
’

.

s

.

The ﬁfoper noun is the word Mars,

The common noun is the word planet, and

. The smallest planet, Mhrs,'lboks red.
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2 / Now to really ‘help you understand the, fact on page 1 (turn 4/9/////
back and read it again if you can't remember what %F is); look at
., ' . ; ’ /
’ . these ‘sentences. ) \
' t NN o ,
'- . .
4 L . )
, PRI . ‘

© A . I have ‘three Dogs. ‘

h R o~ 6 .
Can you see what is wrong with thi sentence? The common noun is

éapitalized. It is the wotd gogs. It .should not be capitalized.

N

-

I live in madison, the state capitol.

- »
: - Can you see what is wrong with this sentence? The proper noun
v '- » ‘i
is not’ capitalized. It is the word Madison. It should be capitalized.
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" ‘Go back,and read the fact in the box on page 1 again. Then )

.

’ 1 ) .
read this lésson again carefully. Make sure you understand what

* "

the fact on page 1 means. .

-
!
.
Y
.
4 N
L]
»
" .
-~
4 -
*

+
L
- v .
)
L4 »
Al
- \ .
. / ’ [ -
k4 !
.
.
.
.
. -
v
.
, .
. = .
. >
v
.9 .
\
. ,
- N
.
o) ]
kY . \
4
- R ¢ AR L
. ‘ .
. .
N 3
.
. . <
.
4 -
) r
N -
W
oL , 3 \
o -
b
M ’
‘v;%p ‘ .
¥ ‘
,J;' e K
¥ -t
I “
e v ' . .
- e 4
. P ! . ‘
% .
¢ %, ’ B3
- . . . N
: - . - oo
4 ~ .
Ny -
oo, %4 o .
VS -~ ?
=% ’ .
L]
e .
s ¢ N - :7
. P N
i 2 ¢
{ E ' B
£ - N [
- L ,
¢ ®
- ~ .
* ‘ « v
. >
-
. f
s . b
Ll .
[ - . . S
- hd L
~ ¢ kN B
] H
u \} \) % {
«
. N
. .
ry ‘
. . \ .
Ve
~




4 .
.
*
.
-
. .
f
v
.
P
.
- LI
N
-
R y e
. A -
.
1
.
. -
.
‘e
.
A}
.
'
- -
'
. .
v
B .
1
-
.
N
. N .
; .
- . .
[ ’ fo-
.
T an
. .
2
-
!
L)

-

Y
.
.
N .
v -
" .
.
)
.
°
'
Y
4
. .

’ .
RSN :
¢

- a
-

. - .

» .
.
.
.
. .
. '
.
.
.
’
3
' L
14
.
. e

] . =
RS '
.
3
\
- -
L]
.
.
-
.
A4 .

- 200

.'tr I’

..




i \

_ » . _— \
[y . <, ~ . ~ 8
Here it is: N L . ) .
Al o . . ‘"". . N
. ‘ . . . : . . ' . »
N , ) ] — 6 , - -

|

) . . \ . ¢ ai
a ) Now’ you are going to learn an important fact about triangles, !
[y . . i

|

i

J If the three angles of a triangle are j

i

i

; . equal in number of degrees, the | o ’
\ o0 o sides of the triangle.are equal in .
’ . length. : ' . AU
. ¢ N J . i
- . .
) ' N v R . 4
s : - s . 3
. - Read the fact in the box once more. Now lodk at- the triangle o
. P * 4 * N T ! ' - 1‘
‘ below. ' “;
g M ’ e’ T . ? . . .'\
. - . ) |
N ' i ’ ' ¢ ' . ;
) The angles of t}((s triangle, “labeled x, Yy, and z are all
* . oL ‘ % |
B ‘equal in number of degrees.’ So the sides of the triangle are X |
. equal in length. If you like you may measure the sides of the - |
. triangle yourself to check that they are all the same length. ;
. ) z - . N , .
i ; |
. - |
e R Ao . i'
. vo. b ) ‘x |
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N L . - . - 1
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» Next ‘16ok *carefully at this triangle. The angles of this. . ‘
. + %{) ' A * . = .
‘ . ° . N M
- triangle are also equal. They are all 60°. .’ & ‘ ,
- .. " . . ,
. . ¢ . s,
L]
. N ) i
. { . Y i
! * . % o
~ . ° *
) . R . ‘ . . s
. ©
S Because the angles of this triangle are eqial.in number of degrees,
« . , , LY 4 . < - L . .
the sides are equal in léngth. C€heck if you like. !
. ' * . . [ -
. . A .
* . -
i N . .
. ) ) . : : - S
' - &
- ‘ A\a ‘
¢ [
; . i ' ) ' ) ) : ' . . <
R Y . * e . -
{ ' ' Ty .
. - . , ! . ” L - N
'\‘\ - ) L { o ’, '
\\\ . . :
\ - : .
. a » .
: ¢ s, N & ’
. , A ’
t . -
: - . N . . . - .
- ’ = N ¢ ' . -
o e d N ’ " . s - .. ‘ .
- . 'Y . ’ N ‘. . T . .
. . _
1 - -
. ) .
~ . ‘ . . N ‘
’ . " 7. - '
915 ,
A r v J s R o
O ' . - . S}
' ’ ' B
5

B - . I
. ,




ERIC

Aruitoxt provided by Eic:

1
. . L. 189
Py . 4
.'& , - ' . : - . " ‘-‘ N ‘ «
Finally, look at this triangle. . Its.angles are also equal :
. . AN —~ . .
in number of degrees, so its sides are equal in lepgth.—* .
/’l ° Y
. L R
« » i *
. ’ ' angle a = angle b = angle ¢
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1) r
4

-~ Now to really help you understand the fact on page 1l (turn

4

Backhand read it again if you can't remembér what it is), look at .

these two triangles.

J . N T v
N . ALT of the angles of ‘this triangle
are different sizes. So tgé sides ,
' 4 : '

of the triangle are not equal in
length. Heasurgsﬁgh see for your-

4 [

self. . © ,

Now look at .this trianéle. @nglelg

. ‘ .
is equal¢in$gize to angle b, Bu
. angle g_is not equal to angle a and
- angle b. So the sides of the
3

triangle are not all equal in length.

Measure and see for yourself

L . .
. l , B ¢
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Now to help you really understand the fact on page 1 (turn |
v‘back -and%‘d' it agaip if you can't wemember what it is), look at
“thesge figures. A ' T ' s
. M .
~ L.
R -
. The figure on the left is” an equilateral triangle . The figures
« s on the right are not equilateral triangles. It is easy to see
t that the figures on the right™and the equilateral triangle on the
left are not similar in shapé.- =« . . S
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Go 'Back‘andu read the fact in the box on page 1 again. Thep -
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. o . .. In this booklet you will"be asked to’ answer.some questions, ) : |
12 ’ ‘ . . .
’ . . "
Sometimes you wild be asked to circle‘the correct answer to a question., - :
. =, " . : |
v . \ . . ’ X R . B . . s .
‘ “Sometimes you.will be asked to circle a lettex in front of the correct 1
. ! i . \ . . . 4
- ! M hd + |
answer. Here are somg exarmples. .. . . .
‘ : ’ . - ) 1
® .“ ' v . * ‘ }
: . . 1 T ' |
. < 4 N v ? c‘ - j
) x R e T
‘ Example A ) % ) -
,EXamp € A .- : Co, . |
. © . i
. ¥ 4 . - . |
. Look at the sentence below., If the senténce-is correct, ‘circle .
i the word ¥ES. If the.sentence is not correct, circle the word NO. o
4 - . SR oo ~;
. /’ T All boys are also girls. - - .YES L
. . . ‘;: ) ’ 1 ’ -z ° R ;
. The sentence is not correct so'.the word NO is'circled. =~ : A ,j
. ¥ R foes . . )
. s - : ° ' - ‘
* ~N ' i 4 . ‘?s ‘ . " v "'( ’ . ‘
) - - 1 2" ..t , |
- * . TSI . , % N ‘ - |
. Example B o e o ‘ .
: . T s A . < b, - : |
) How many minutes are there in one hour? . Circle the letfer in front-.
e . ; - - . PR -7 '
5 y _— . . N . L .
.. =~ of the correct answer. . NN oL, BN .
4 \ ’ e . * ‘ . ;
: . t - . R
- . ‘ a. 10 minutes . L |
o ' 1 o . ) ' t : ;
: : ) 60, minutes - 2 . . S , i
R N * SR - : - . :
. . ’ - 4 ¢+ 90 minutes I S . ’ -
‘ : d . d. 120 minutes “ ) - }
R ‘ A . .- ’ “ |
. - e ' i j
- e :
. ew I don't know < o R
. The correct answer is 60 minutes so the letter "p'" is circled. . |
, . ; . : AP .‘
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* Look at the drawings below, Draw a circle a ound the ones

. tgxat are pictures -ofJ, living things,

£n
o
The moose and "the bird are alive so they are circled.
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‘General Instructions:. Read each question ‘carefully. Then chéose
. AR SO
‘ the best answer. Make sure you answer every question.’ Do, not
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skip questions. When you have finished one page, .go on to the next.
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Directions: Look at.the sentences below. "If th.e; sentence is correct,
\ R circle the word YES. - If the sentence is not correct, circle the
¢ word NO, .
A ( 5
1. The word friends is a plural noun. ) v YE8
[ . B .‘ © " o . ‘ ‘
. ' 2. The word triangle is'a plural noun. - " YES

3. The word mass is a plural noun. ¢ . YES
4. The word oxen is a plural noun. YES
¢ . . A . ¢ :

4 .-

-

NO

NO

.NO

NO
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5. The word side is a plural noun.

3

’

6.’)1‘he word ladies is"a plural noun.
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See the sentence below with the twé‘wordg Qggerlin%gk,

1%
» b4 N
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-

"That school has many windows." <.

f .

-
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¢ S N é

In the sentencc above, -the word schnol
(Circle the letter+in front‘of the correct answer,)

LA .
a. ‘names one person, place, or thing

. b. names many persops, places, or things
. . .
c. names a particular action ’. -
. d. -names many particular -actions
Y . e‘
LN ‘ | 1 o7 .
e. I don't know. )
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See the sentence below with the

"That school has many windows,"

'

[}

- .

-

.. In_the sentence above, the word windows

.a, names a particular action

b. names many particular actions .
. )

LY

€. names one person; place, or thing

d. names many persons, places, or things

-
e. I don't know,
- .
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two(words underlined.

(Circle the letter in front of the correct answer.,)
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; In which group of words should an s or an es be added to each word
! .to hake®t plural?” Circle the letter in front of the correct answer.
v h ] a. children, friend, table ‘ -

ball,- mice, pencil

+ * {‘ . N b N )
: : .. ¢. day, shoe, geese |,
-
- . ) .
d. glass, coat, committee »
e, I don't know.
i
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~ Look at the list of words below. Some of them are pluraffnouns.

S Some of them are singular notins. Draw a circle around all of the

plural’ nouns,

’ class’
1
,calves
men
LI 3
bed
3 ' . "‘
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yook at the list of-words below., Some of them are plural nouns.

[

Some Af them are singular nouns. Draw a circle arouynd all of the

{
plurdl nouns.
l' //
/ P '
/ / R 4
teeth / . *
& N //, . ..
/
s gas --
chief
- . 1
potatoes -’ .
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Complete the following sentence using onc of t

’,

"A plural noun names . . .
’ .o

Circle the letter in f;ont of the correct answer.
a. one persoq, place, or Yhing

b. more thah one person, place, of thing

¢, one action . .
“ .
. ds more than one action
e. I don't know.
13
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e Complete the following sentence using one of. the answers below.
"A singular noun names M
. Circle the letter in front of the correct answer.
R a. one person, place, or thing ,
5 . [
. b. more than one person, place, or thing ,
* ’ - 4 ’
. c. one action ’ "
5
. ~ P '
d. ‘more than one action
A : .
e. Idon't know ° :
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In this booklet you will be asked to answer some questions, |

‘e N s .’0 s 1

; . Sometimes you will be asked to circle the correct answer to™a question., ° i

' 0 T

~ . . !

. * . . 1

Sometimes you will be asked to circle a letter ip front of the corxget .

o * E

. . . . ,
answer, Here are some eaamples. ' IR . ey 3

. ' . N v |

! ) 35 j

“ ‘ ) . ;

. . . G . . . . j
Example A - . < ey C

' ' }

™ & - Q . 4!

Look at the sentence below. If the sentence is correct, circle |

2 ‘ ) N ‘ ~ q —-.—;

+ the word YES. If the sentence is not—correct, circle the word NO. -, 1;

. 3 s :

Lo : ' \ . -0 e .
. . s . |

. N All boys are also girls. . . YES. §

N ) ‘e . . . - : o h, s 3
. The sentence is not correct so the word NO is circled.< - s ;

- * ]

L8, :

. . O . i

= ‘ i v . .t ;

9 - . N . . ;
- Example B ‘ \‘\ ! . S
. 1 = ’ 4 . J

: ‘ T 3

How many minutes are there in one hour?, Circle the letter in front - i

of the correct answer. D . |

- M i . 1 ]

} x_ ., . ’ f'

a. 10 minutes . T s L e ‘

. ) 5 .- ° " \ s ¢ -i
) 60 minutes : . y

¢ H ° ~ A 1

. co A |

c. 90 minutes ‘ . |

) . . AN |

- -~ o~ . ;

d. 120.minutes * ¢ |

' - » 1 3

A b . B N 7 b ’ L :, {‘

. e. I don't know - ' <" oL

. . - ‘ . , ' o 3
D " ' . o . |

Thé correct answer is 60 minutes so the letteg "b"~is éircled. - . i
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. Example C . . ) e |
, . , /\ |
A ‘ook at the drawings below. Draw a circle around the ones }
- ] |
) - i
that are pictures of living things. |
|
i
|
- :
- .i
k
3
E
i
|
° A ‘
P I |
’ TN & ¢ '
y
. N 1
|
|
|
- i
“
4 |
‘ |
. ‘ |
: , |
L4 :' '::‘
: ot |
The moose and the bird are alive so they are circled. ;
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Directions: Look at the sentences below. Each sentence contains two
_—_&ﬁ - k]

nouns, a,common‘noun_and‘a proper noun. One of the nouns is capitalized.

*Jd o

. If the correct noun is capitalized,’ci}cle the word YES. If the correct

nbun;is not capitalized, circle the word NO. -To help you, both nouns are

: underlined. ' ’ . o C
1. His friends liked Tom very much. - : ) YES MO
—_— , T . .
2. The cardinals lost the Game. ' YES NO
3 ) ) - ~ §
' 3. My Boys visited disneyland. , : . YES NO
4. Next Wednesday®is my birthday. ‘ YES NO
: .. ,y ’ ) . l
2 :
s ’ hd al »
’ . ] ' .
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5. Up or the Hill sat mary.

. !

6. Al'i"‘z!%mg_s_ must® learn French)
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See the sentence below with the two wordS'underlined. . .

LN "Th

. ?

- - |’
e cars were driven to?Chlcago.

)
«

’
.

In th%/éentence above, the word cars

. -

1 -"\ . '
(Circle the letter in front of the correct answer.)

. . .
. a. names a particular thing )
. . :&:«i . / '
4 b. names many things - 5
. - . :
. c. ' names a particular action | .
.‘ .
* . d. names many actions ‘ '
. . -
e. I don't know. .
* . ™~
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e . ) TTNAL T ) .
W A i
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T ) Ve
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¥ i
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-
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+ - .
* ~ve
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// See the sentence below with the two

words underlined.

’ )
{ "The cars were driven'to Chicago."
N t *
) * \ . .
# N N ' .
. ' In the sentence above, the word Chicago .
. s ’ .
- (Circle the letter in front of the correct answer.)
- ) - 1 P ’
a. names a particular place
b. names many places . .
- . "
' . ..C. names a particular action .
g - . .
. d. name? many actions
- . . -
. S~ . €. I dqn ! t knOW .
- U S ™~ ~ - i -7
' . .\ . ¢ S e . B .
N RN ~ ;'\\» - .3 ’ \.~
-~ Y “s 7 V) [}
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=~ \\ 3 ) ’ 3‘.
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~ ".. :. , f Ne f L ‘I - ”r - )
. N Y o '( .1 . S
. o felfef TR which group of words should every word be capitalized? [
v AN A T3 P .
N P \/' o L
. - - Circle the letter in front of the correct answer. )
\ . A.: Pan i_:,.‘ " . - .
- ~ . v N -
-, a. desks, churches, roads .
b. noun, verb, @dfective -
. 0 1 -
. : c. car, book, house
N . 4. john, denver, lake erie
- ," i‘. \‘\ ) - o s
. . ¢/ e..1 don't know. o
L i .
\ e .
1 - e
i Y B ”
— .
A% ’
) i .
— - [
v
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In which group'of words should every word bescapitalized?

- .
: ’ . . - » i
Circle the letter in front of the correct answér. ﬁ
“ ~ ..
Y a. monkey, dog, nevada- . '
‘b, mother, father, hope ' s
- - . - )
¢, africa, larry, mllwaukee’
d. fire, war, peace .
. v ‘. .,",
. e. I don't Know. ’ : R
) !
, .
. ‘ ) A o |
- " , EY
— N TSR ) (.\ ,.
. o~ ' N
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\ - R
. ¢ )
; » ~ A
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Look at the list of nonesense words below. Pretend that they are nouns,

-« - - . 4
Some are common nouns. Some are proper nouns. Draw a circle around all
. of the common nouns. /
M T . . --'-., . - -
: , S
- E) .
Rt dax
° . R -
- . Tas ) _—
Boz . - o
guk ¢ R ‘ .
- » . - \
-~ ' [+ R
-3 - ‘e ' . . (
. [
. ¢ ) ~ . ’ N ’ . ® . -
L * ) LR by
. s < h.'_’ . ) ’ .“ ¥
¥ K DR 4
. A - vt e '
.;\.. . Niew
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4 -
- 4 . . - R
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Look at the list of nOnesense words below. Pretend that they are nouns. -
27l L N . -
P ,‘SOme are common nouns.. Som_ﬁe_ af‘e proper nouns. Draw a circle around all .
s R4 A h . - } -,
v Lol _ LT s .
', (/,g’, ~of the common” nouns.: ; ' .
e A Z "
P 7 ~ N 1 ¢ " _;
» s T ; R LA
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Complet’,ga_;;h'e_fol’lowi_ng sentence using one of the answers bé]}ow.

.

, .
]
a. a noun.that means morxe .than one
~ . (:-\ ‘ ) -
b. not capitalized ,
. * e = ) \
c.r-tapitalized...~" =" |
T - .
. me et .t . .: N i - .
d. the subjgct of a sentence :
it - . ce e
e. I don't know. o e )
e e TN
N - 4
/
« 3
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A
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CircYe the letter in front of the correct answer. :
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€omplete the following sentence uéing one of the answers below.

[ 7

"A common noun is S

Circle the letter in front- of the correct answer.

° Laaad © . - -
. o, a. a noun that names more than one
£ 3 . 3
) b. not capitalized . cTT T
) . , ’ . ' . ~ T . - R - e - -
¢. capitalized -
’ _d. the subject of a sentence : |
e. I don't know. . . . |
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In this booklet you will be asked to answer some questions. |
Sometimes you will be asked to circle the correct answer to a questiohn. - "
. Sometimes you will be asked to circle a letter in front of the correct,
- . - - R d §
- { answer. Here are some examples. . : © '
- . . . ’ ' ) / " f
| : ) 4 i ;
Example A . ~ T T ’ 1
L. — ) s ,_ e .
. Look at the sentence below., If the sentence is corfec&t, circle - .
~.: . .7 _ —_—
the word YES. If the sentence is not correct, -circle the word "NO.
. ¢ All boys are also girls. = . - YES )
. . ’ [ ’ * 1
. The sentence-is not correct so the word NO is circled.” - .
ot . ‘ . L 5 \ '. ’ - , i
Example B - o L e
How many minutes are there in one hour? Circle the letter in front.
. “ . M . \ j
of the correct answer. . . .- .
. ) ) - % ... ' |
- a. 10 migutes . o, 0 : . |
. : 60 minutes . G ) - :
oo v A S ’ . . %
c. 90 mindtes . s B
- d. 120 minutes . . L e ‘e . 4
: . . L . |
e i e. I-don't know - S - 0t :
. - ) n‘w:-:\ o . " . . e ‘ < . I \. ) . 1‘51
. .. ~/Th& ¢ofrect answer is 60 minutes so the letter "b'" is cdireled. . i
i“ “T -7 ," ~ - E . ¢ . 2. o i
A : . ;08 ' : s ) |
. . e
L . / . . . - . J;
£ - Al ’ 1
N ’ v e L - k) 13
. . :- r . - 1;
. . - ’ ¢ |
‘; * . - - (“ ‘ ‘ R %
co ‘ b 3 . - * v v- i
- - T //r/x/‘ f ) o §
4 ~ .
N - . 244 / i’ ¢ -jl
Q ‘ . ) ’ ) - 3
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Example C

Look at the drawings below. Draw a circle around the ones

that are pictures of living things.’

a H
%
2

&

AN

.
/
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General Instructibns: Read each quéstion carefully. Then choose

y

the best answer. Make sure you answer every question. Do not

. <

skip questions. When you have finished one page, gb on to the next.

Do not turn back to pages ybu have finigﬁed. If you have any ques-
. N f

tions, raise your hand.

P
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Directions: ‘Look at the sentences and figures below. If the sentence
X .
N is correct, circle the word YES. -1f the sentence is noti correct,
[ 3N ., . ' E:
circle the word NO. Use only the i rmation given. You‘i&éy
not measure the figures. PR :
. { . - ‘?::' : L
1. ‘ The sides of this triangle rare
" equal in-length. " YES .NO
- &\ ’
. The sides of this ‘trian‘gle are
equal in length. YES NO
Al
'y lf 1
- V—_“ T :\.E
The sides of this triangle are
equal in length. - YES NO
L - . ‘r~
b}
. ¢ =~
~ )
4, . é The sides of this triangle are -
o ) : equal it length. © YES , NO
/o) | N
angle a = a'rigle'l‘)_ = angle ¢ . ' .,

240 o ¥

- &




The sides of this triahgie are

equal in length. . YES® NO

‘
i - o

The sides of this triangle are

‘. equal in fengen. . YES NO .

’




Angles X, ¥, and Z have exactly the same
D number . of degrees. Sippose that side y ) J
|
is 2 inches long. How long is side x? .
, Ciréle the letter in front of the cprrect .
answer, .
.. . a. 1 inch
- - ' . » K -
, . b. 2 inches T
% ' - . ) 4 . » -
) ' , c. 3 inches ) -
. : ‘ . ) ]
; g d. It is impossible to tell without measuring.
“ i . e. I don't know. N .
. . o 2
. N .
. —
s ¢ ' 11
4 - . « >
¢ . ¢ - . :
AN - |
- K ) . /
o
. ) . ,‘3
! - o
- L ) -
3 . , -
" . , . T . . e 1
. . € .
. . . .
- ’ [ ')': *
ES » . - - LY
- . n
- S 24 e
. . . N » ) 'u .
o P - b s ‘
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]
Angles X, Y, and Z each have exactly the / by
- . . . /
. same number of degrees. Therefore, side X //f

is N side vy. oy
~ ‘X\, V4

-

Circle the letter in front of the corrgdf

<

A .
. answer. " L
. ,/ ’ ,

3 a, longer than ’
. ’/
4 . b. shorter tha I
c. ‘equal to N

d.. It is impoééiplé to tell without measuring.

’

-, ’

"e. Idon't kn6;;/ .
. e

§
K4
L]
L ]
»
A
.
.
.
S gt T Y
9
.
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.
.
N
\ \{ .
A
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4
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The sides of this triangle are equal .
. . y ..
in length. What size dre angles b and
ar .
L

g Circle'the 1ette§ in front of the correct

answer.
’ " a. Angle b is 60° but angle c is smaller.

! K b. Angle ¢ is 60° but angle b is smaller.

c. Angle b and angle ¢ axe both 60°.

-

. : R -~ d. It is impossible to tell.

. I don't know.
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Look at the triangle on the left. How §
p long is side y? -
Circle the letter in front of the correct
L\ .
answer. . F
\ " I
& ae 1 inch
A : - b. 2 inches
‘/ °' N . .
,:/ o .. ¢, It is impossible to.tell without
-~ - Tt . . 4
e [ A [N
- measuring. - .
] T o d. I don't know.
‘ v , P~
- \
//
. , . -7“
’ » y -~
< faned '
* 5 L
_ ‘ !
l' (
- “ e
4
*
- 25 ‘
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Lbok at the figures below.. Some have three sides that are equal
in length. Some do not have three sides that are é%ﬁal 4n length.

Draw a circle around all of the figures with three sides ‘that are equal
- S 3 :

»

L. "
el B R

1 'in length. Use only the information given. _You may, not measure.

LY
.
t
.
~
i"
3
B
~ «
. .’ .
. - 8
t St s -
: -
L2 b ~
. ’
{I 5 ¢
) .~
/ ¢ .k .
.
’
e, e 7 @ .
~ * . J"r
. . - .
e m \
. . LAl N
. el - SR N .
““‘"'L‘ L - N .
= e . B )
' aca a7
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’
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Y b
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_ Look at the figd;:és below. Some havee threé sides that are equal .

in length. Some do not have three‘ sides that are equal in length.
.Draw a circle around all of the figures with three sides that ~a1l':_e >
éc’fual in length. Use only the information given. You may not measure.

~

[
[V
=}
JQ
H
(1]

\ : angle a’= angle b
{- T . angle b = angle ¢ - .
. . ) P )
N (""“; ; \ K

& ]

i ]

-

L o —

Sk
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- .;dé@pieté the following sentence using one of the answers below.
"Iif . - , the sides of the triangle .
- C
L 3

are equal in length."

ind

Circle thé ansver in front of the correct answer..

‘ 9
a. the base of a triangle is equal to its height.

two angles of a triangle are equal dn number of degrees.

o .
’
- hﬂ
G

.‘.'_.'\4" . o .\.‘.’;_‘ .
¢. the sum of the lengths of the sides of a trianmgle is

. 7.'\\ M
an even number. ' . .

d.* the three angles of a‘:triangle are equal in number of dégréé%.

= i
& ' e. I don't know. .
’ Ld
j \ |
o
.
. . % )
: & . '
* .
‘
t
v .- ’
: -
LY . ! ‘ . 4_’. / - i .
:{ ' 2‘) ’,./ ,’//,;._--‘:':',7‘ .
. . o~ S o e
1 ; - S
© se—— t'- //‘/, /: -
" ,! /' ’ g b
4 // //
v
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Complete the following sentence using one.of the answers below. - :
Py "If the angles of a triangle are equal in the number, o% /é/egrees, M \

Circle the letter in front of the correct answer.

N

A Y
- - »* ‘
a. one gide of the triangle is longer than the other two sides |
b. one side of the triangle .is shorter than the other two sides .
c,- the sides of the triangle are not equal in léngth
- - / '
. .. d.g rhe sides of the triangle are of equal length ' S
e. I don't know. : <
{
~ |
. LY . i
EN . 1
. L M . 4
. _ i
~ b . ;
| |
1
. |
|
;
. N |
¢ 1
» - i
IS h . . ;
i~ -
: !
L |
- 1
|
2 i
i / - ' §
. ~ * }
k N ¢ /. . !
. z . B !
- L3 1
|
. M j
’ ¢ R 14 X Iy J‘
v . !
- \ ;
<. . 1
I . e N 7
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In this booklet you will be asked, to answer some questions.
N C i " . . - o
Sometimes you will be asked to cirele the correct answer to a question.
- Sometimes’ you wlill%‘be\ asked to circl\\e a letter in front of the correct
. . . B N
. e . ¥ VT . '\
ansyer. ~Here .are sgme examples. Ny . .
. : . i/} “ e
+ 7 ”
- . ! . [ i l . .
Exanple A" A ’
. - Lxamp_.e A ', ,
\ s Look at the sentence below. If t;»tie senténce is correct, circle
! ' ) .
t i B .
the word YES. If the sentence is not correct, circle the word NO.
~ i o
. All boys are also glrli. ’ " \ LYES
* ” ) ' _" " ) ' 4
- The sentence is not- correct so the word NO is circled.
T .
-
I/l v *
" Example B .
ow many minutes are there in one hour? Circle the letter in front
c0of the correct answver.
\:I‘ ) . . . N
.. ) a. 10 minutes
_" 60 minutes \ -
) ' c. 90 minutes
. < - " d. 120 minutes
. ' el I don*é\know o - .
- . “ ’ \\\ . -t
R The correct answer is 60 minutes so the letter "b" is circled.
. [} -
, . R . R '
s
T
- . 250 ' -
% \) ) -
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Exanpie C - ' '

Look at the drawings below. Draw a circle around

that are pictures of living things.

the ones

Co@
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General Instructions: Read each question carefully. Then choose

the best answmer. Make sufe you answer every question. Do not

skip .questions., When you have finished one page, go on to the next.

i

Do mot turn back to pages you have finished. If you have any ques-

tiong, raise your hatd. .
?.'
' ~
. \ -
i

5
\
s
"
Y
N
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.
.
<
-
\
>
.
5.
3
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%@Directions:' Look at the sentences and figures below. If the sentence .

) [
e

FES

- [
is correct, circle the word YES. If the sentence is not correct,

‘circle. the word NO. Use 'only the information given.

, : ;
These equilateral triangles

are similar in shape. YES NO

: 2. . o These equilateral triangles .
- q ; ; are similar in shape. ‘M .
<y

.w - ¢

These equilateral triangles
are similar in shape. YES NO
equilateral ' -

triangle °,

scalene . T a
isosoles triangle .' -
triangle ‘ ~— N . ~
4, These equilateral triangles i .
: are similar in shape.™ YES NO
equilateral . equilateral ' ' o
triangle , triangle _ -
\ | f\ -
i3 -

[MC equilateral

triamygle




b e

¥

-

<

"' 5. All ‘of the’equilateral triangles below that are similar in

‘shape are circled. : : YES

<

6. All of the equilateral triangles below that are similar iﬁ

shape are circ%ed. YES

-
,
| S\\
' . o
-
- 1
7
Ma
il .
AR
-
. [
.
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.
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2 inches

3

. R \ AN
. oL \;\‘\ - T
* <
One .side of this equilateral
triangle is 2 inches lopng. ’
- s

3

Suppose that there was a second
triangle that was similar to this

L N “ ‘

one. How loné'would one side of © ° -

the similar triangle be?

Circle the letter in front of

the correct answer. s -

a, 1 inch

’ e,

*>

2 inches .

-3 inches

It is imposéible to tell

without measuring

I don't know. . .

17
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o

. ¢
Look(carefully at these figures.

=
4

Circle the letter in front of the gorrect answer.

’
A

-

»
[

3
“

NEVAVA

<

>4
. ,
2,
b.
P C.
-
" . d.
€s
-4
, .
| o
- .
. 3
t
b
At
Y
€

A Y

249
&

v

Are they similar in shape?

a

$
It is impossible to tell without measuring. '
No, only some of them are similar in shape.
Yes, they are all similar in shape. )
No, they are all different sizes.
¥
I don't know.
0 .
*
.
‘ ¢
e .
% ¢ T .
. : ’ e O
Co 26
“ ~ - .




7

]
‘

The figure below on the left is an equilateral triangle.. - ' '.’

Suppose you could blow up the small figures on the right so/fhét\‘

= they were exactly the same size as the figure on the left. Which ) .
figure on the right would then look exactly like the equilateral '?
R ! Lot t
: triangle on the left? U LT
‘1 Circle the correct answer. = _ s ]
.} :
\ l.

. [:§ , 2, B.F\\\\\\ 4/./\X

. equilateral . . ﬁ‘ _ )
triangle

»)

B ’
D
x . . - LA

. . \ © a. figurel . ’ T
a’, - .
s * @

.
»

b, figure 2 :
AR o I

- ) . -, figure:3 ﬁ_i?ﬂ~ o ‘. i
" . cl‘: . . |-

b

A}
£ = ’ ', -‘_" - - v"
. o . d. figure 4 -~ 7 '
@ . ~ N . N 7 ’ o x’ o
e. 1 don't know. . -
. . ) \
Q) .
. .
. P . -
. < L .
. - N
: . I =
)
. . ) ‘
3
‘%
<+ -
- ~ N \\ o’ .
. ( \(\“
. -
. ‘ ‘zg") -~
/ - R
\ & e A . ~ .
, A
. - - ~ ~ ” Rl
‘\
e
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This is an equilateral triangle
Suppose tl;at the triangle was
made larger by incr;asing the

length of each side by 1 inch.

!
The shape of tre new triangle

would be ., the

w

drawing on the left. s
Circle the letter in front of the
correct answer.

;. similar to

b. different from

c. ,almost the same as

d. I don't know.
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o Look at the figures below.  Draw a circle around the ones that are

. similar in shape. /

~

' . : ..

T, L. T T T s

#
» , ;
£ . o
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s
° .
o 3 \ .
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. Look at the figures below. Draw a circle ardund the ones that are

similar in shape.

Aruitoxt provided by Eic:




Which of the figurés below are similar in shapeé
the letter jin front of the correct answer.
quadrilaterals
, b.

triangles

e VN

| .O
, .

. ,
. |
' i i ¢
-3 ] Bl

polygons

. . ’ ) equilateral
o ' ’ - ‘ triangles
I l
- . e. I don't know.
" - * ’
. 26 4

Circle
‘ L]
’ | 2
¥ * . =
|
' : >
’, . -
Adh - L 4 .
4 -
@
\ ~
N - .
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Complete the following sentence using one of the answers below,

’

"All equilateral triangles are

.
-

Circle ‘the letter- in front of the correct answer, ~

a., not identical

~
o

congruent

. c. similar in shape °
’ d. the same .«
: : L4

e. I don't know.
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o i
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. i“‘Instrucfions to Students

Hi. .

»

x

My name is and this is . We are working

with some people at the University of Wisconsin in Madison who éré VETT

interested in finding ﬂetter ways to help Childfen leatn. Today you
will be able t; help us by reading_t%o less;ns and then answering soi
questions. -Now, thete is no reason to be.worr;edlabout what you will
ﬁe doing; you aré no£ going to be graded; the information “is just for
us. But please .do your best, and you will help ug.learn how to make
learning ea-sier for other boys and girls.

"We are going to pass out these brown envelopes now. In the

envelopes are the lessons you will be reading. There are many differ—

_ent kinds of lessons, It may even seem that you are reading different

L 4 -

this is the way it's supposed to be. P

<

ase don't open,your envelope

/ ‘e v

kipﬁ% of lessons from everyone else.- B;:)don'x wbrry about it because

until I tell you to.
[Pass out envelopes.] *
0.K. Open your envelopes and'take out the booklets inside. Don't
open yoﬁr booklets unti£ I tell you to. Everyone should have a blue -

booklet, a green booklet, and a white booklet. Put the white booklet

‘back in the brown envelope and péﬁﬁit on the floor until later. - %3

L ad

Now take the blue booklet and put it in froz;\gf you. ~Push the

R .
green booklet to one §ide. Now fill in the cover of the blue booklet.

m—— [

Write or prin{ yQur name - (first and last), the date, your teacher's

name, the school, and ycdr grade. Then circle whether you are a girl
- , 7/

or a boy. I'll write the date and the name of your teacher and school

-

on the board. [Write date, teacher's name, and school on board.]

*

.8

»

.
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\\\( ' . Now turn to the first page where it says yggg_llgg.a\?hese are
: some of .the words which you may fin% in your Iéésons. -Because some of
g ;" , éhém may be new éo you,Jet's take just a‘mipute to go over them. You
' ‘read alod&\ﬁith me as I pronounce each word. [Read each word with
Q:A _ kids.] There may_be other-wor@é in your booklets whiéh 1ook~new to
~ ° . 4 :
\7 .you., If you dPn't.know a word, raise your hand Qnd we will help you.
C- . Nowﬂ§ou'are just about ready to gegiﬂ, fut before you'ao, piease
+ 1ist?n carefdlly. Read each page in the first booklet carefully. When
- . you fi&ish with the bookl;t; push ‘it sdt of your way and put the green

booklet in front of you. Put your name on the green booklet and then

%

.beéin’reading it. Read‘it'carégpllyhtOOn When.&ogfhave finishgd with
both bookle£§ ut them'together and ;ait qﬁietlj‘until éveryone is
"finished. O0.K. Now turn the Eagebfnd begiq. énd please try to do
your best. . . .- .

[When everyome has finighed, collecf*léssoé,hpgklets. Then say:]

0.K. Now take the w;iﬁe booklet from your -envelope. -Put the .
envélope on the floor(égain. Put‘yoﬁr name op the cover of the white
booklet. 'Now turn to the first page and follow éiong yhile I read

aloud. .[Read firéf:page.] Now turn to the second page amd follow

a aloﬁg again while I read aloud. [Read second page.]

“You may work on this bobkle; fik as long as yoh wish. When yo;
‘finigh one page, g0 riéht on to the ﬁé;t: When you finish the whole
boqkiét; work quietly on soﬁéthing else until everyone else is done.
0.K, Beé'in. ) ; / ) )

. [When all stu:él'er;t&\;; f:‘lr_i“iShed',. collect test»bvo?klets, thank

students; tell them they may keep—the~brown énvelope§.] .

:377£3 3
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APPENDIX G ]
ANALYSIS OF COVARIANCE ON KNOWLEDGE
MINUS-APPLICATION DIFFERENCE SCORES
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Univariate Analysis of Covariance for Knowledge
Minus Application (K-A) Difference Scores

o
|5

Source MS F
Sex x K-A ' 1 0.884 0.2637 R
Subject Matter x K-A 1 33.050 9.8598%% o
% Type (easy-difficult) x K-A 1 11.410 3.4039% |
‘ Training x K-A e 1 1.960 0.5847 |
Mode of Presentation x KsA 2 3.592 .1.0716 - .
Sex x Subject Matter x K-A 1 6.323 1.8863 ’;
Sex x Type x K-A 1 11.070 3.3025% - C
Sex x Training x K-A ) 1 6.716 2.0036 ° j
Sex x Mode of. Presentation x K-A 2 5.989 1.7867 |
! .Subject Matter x Type x K-A 1 2.600 0.7756 |
Subject Matter x Training x K2A 1, .3.070 ° 0.9159 ' |
. *  Subject Matter x Mode x K-A 2 0.590 ° . 0.1760 ;?
Lo j Type x Training x K-A 1 “—  0.024 © 0.0071 |
* - Type x Mpde x K-A 2 2,779 0.8291 %
Training'x Mode x K-A 2 7.613 - 2.2712 |
S - Sex x Subject Matter x Type x K-A 1- 8.493 2.5337 |
: Sex x Subject Matiter x Training x KrA 1 10.220 ¢ - 3.0489% |
Sex x Subject Matter x Mode x K-A * 2 12.020 3.5859%% |
Sex x Type x Training x K-A — 1 0.012 0.0036 i
Sex x Type x Mode x K-A ! <2 J1.974 0.5889 3
Sex X Training x Mode x, K<A . - ) . 2,115 0.6310 |
Subje¢t Matter x Type }FTrainmg x K-A 1 4,126  1.2303 |
Subject Matter x Type x Mode x K-A 2 2.348 " 0.7005
Subject Matter x Training X Mode x K-A 2 2,882 10.8598 1
Type x. Training x Mode x K-A 2 4.700 . 1 , 4021 ’
Regression dge td higher order inter- ~*% 1
actions. 4 | . 11 4.382 1.3072
Error o % 'y P . 110 }3.352 v
~ k% :

- ’ !
& o
S " o . Y i
* . o T ‘ .‘:;; | | i
'.‘:w.‘ ‘ b’ ‘ : |
) ; b —_— . ° T
ﬁ *%k P < .05 “J :: \ ‘ . . .

‘ »
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