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around. one unifying theme:Individually Guided Education.,
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ABSTRACT

Th present study investigated the, effect of two external condi-

tians on the learning, of sprinciples by children. The external

.

condAti
,

ns were instruction on the major concepts related in the

principle and the number of teaching examples (correct applications)

and t

.. I

presented with a statement of the principle.

[

Silbjects were 159 fifth-grade student of average ability and,

socioeconomic status. Two principles from e ch of two subject matters

ching nonexamples (incorrect applications) of the principle

(mathematics and language art ) served as the content of the learning

task. One principle fronueach subject matter was. designated as ''easy

'and one as "difficult" on the basis of -p ev us research:

iThe principles were presented in printed, self- instructional

lesson booklets. Several versions of the booklets were prepared in

which the instructional variables of interest were sylltdoatically

varied. Variations in the type of lessons read by the subjects con-

,---,_,
(I

.

gtiti ted the experimental conditions. Mastery of the principles was

determined by tests designed to assess subjects' knowledge of.and

abillity, to apply the principles.

I In general a ratichally selected set of examples and nonexamples

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

Concluced that for easy principles providing one example was equally

/effective as-a rationally selected set when instruction on concepts
I /

/related in the principle" was also provided. Main effects for instrUc-

/ tion. on concepts related in the principles were not fotind.to be

'Significant;,the.conditions associated with this unanticipated result

were discussed.

10
ix
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'Chapter I

. INTRODUCTION

Canceptual learning and development has become a topic of-
.

increasing interest to both psyChologists and educators in recent years.

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

9
of theoretical viewpoints and empirical investijations currently exists.

Additionally, several practical applications of existing knowledge to

the classroom teaching situation have been prqposed (Klausmeier &

Feldman, 1974cKlausmeier, Ghatala, & Frayer, 1974; Markle & Tiemann,

1963, 1972; Tennyson, Woolley,'& Merrill, 1972),.

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

deals with the acquisition of discrete, isolated concepts. _While many
.

concepts may indeed be learned in isolation, particularly during the
V

early.years of_life, mostl concepts taught in schools and acquired by

adults are learned within.the.context of generalized subject matter

areas which consist of sets of related concepts, How related concepts, .

-

or more accurately the relationships betwen of among co ncepts, are

learned and can most effectively be taught is thus a topic of some

importande.

Two general types of relatiopships between or among concepta,have

been described in, the literature. Iheji;st is that found in taxonomic'

conceptual systems involving supraordinate And aubordinate'classep. The

V

(ft
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second includes any statement of relationship between two or pore con-

.

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

. . ,

composite idea. Statements expressing composite i- deas are commonly
. ) .

called such things as principles, rulesG'axiomd s4 s 1, pr..la _e-present

study deals with how relationships of this 'second type ate learned.
4.

The research reported in this dissertation°is part of an ongoing

. ,

research project focusing on concept learning being carried out at the
. .'':

Wisconsin Research and Development Center for Cognifive Learning. The
.......

- .

project is designed to increase.knowledge about stimulds variables and

Ic

cognitive operations related to concept, attainment both in the laboia-

.tory d in the classroom. One ofd the major results pf this research

prog m is the Model of Concept Learning and Development "(CLD).which

has been presented in detail by 1.0KlausMeier, Ghatala, and Frayer -(4).
\

The CLDpodel was conceived of as a framewo rk upon which,to bgse further

'research and instructional design,..and es such it has served'as a guide
r

and impetus for a, variety of empirical investigations including the

present study.
.

In the CLD,model concept learning is treated as a complex fords of *-

. .

learning that can be subdivided into four hierArchical levels. these -

levels represent levels in attainment of the same concept and cgn be

distinguished from each other on t>11,164s of the cognitive
.

operations
,. ..

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

.

tions' of`learning related to the specified leVels and ,the possible uses
,

.fr°

and extensions of attained concepts are also described in the model,

'The four levels of concept attainment specified in Xhe gm) 1141.

. '
.

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

represents knowledge a a particular concept at a higher.level4of



,

inClusivenees

inferred. -when

encountered pr

'

3

arid.a1i4ractness. Attainment. at the concrete level is

a
the. .1d4raer .cognizes an object that he or she has

eviousi .tainment at the identity level is inferred

- when the learner recognizes tha'.previousfy encountered object even

When'.Seen from another perspective or sensed!.in a different modality.

-- Attainment at the clasiifichtory level is inferred when the_learner is
....3'.. ? . 1 .. .2 .:, -A ''..: ; ) ",`, '

: .

2 -.10:- ... . ./.1, 1
4 . ,

, able ,to identify at,leAst twodgfereat;exAmpleS of a concept as. _. -

-

a
belonging to the -aide set OrCiies, even though he or she may not be

,

.

able to name the attribute(s) common to them. Finally, attainment 'et

the formal level is lnietred when the learner can name the concept and

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

examples, and describe the basis of the classification in terms of the

0

defining Is-a-tributes. ,

AZod "
cOnceptar'tained only at-the concrete or identity levels may be

-

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

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

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

either subordinate-supraordinate or principle relationships, and also

to solve sophisticated.problems.

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

V
relatiodships. Specifically?. the study focuses upon two instructional ,

-variables that are hypothesized to affect principle learning. .The,first

is instructipn on each of the, maln concepts that are related in the

principle. ...(That

teaching follows

this is potentially a impornt variable in principle

- -

directly front the bLD modeliand.also frOm the work of

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

the.nMber of teaching examples (correct applications) and teach).ng

. 13:
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,nonexamples <incorrect applications) that are prederl:tedwith a 'state-
. .. .

' -
ment of the principle. Previous research (Gagne and Wiggand, 1968) has

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

statement of the principle, and one example. However, there is sot* in-'

cation that a single example is insufficient When "complex" or "difficuli"
s,

principles are being learned (Anderson; 1973). In ihe present study the

use of "rational set" of examples and nonexamples (Markle and Tiemann,

190) was extended from concept teaching to the teaching of principles.

, -

It was expected that the presentation of a rationally selected ,set ofw
. .

teaching examples and nonexamples of a .principle would result in sigilifid--

4- cantly greater mastery of difficult principles than would result from the

presentation of a single example.

j

. Method .

, .....,-/
'-'4,-----:_' .-.:-..-

,

_

- ,. Subjects were 159 fifth-grade students who studied a seried,of two
- - .

.
. ,

,./
.

',

printed-lenPans....S9veral versions of the lessons were prepared!in-wkich-
. .

.

, ,-'
.

, ...
4 the instructional variables of interest were sYstematicali4 Varied,

. . . ,. . . f.1 ..- ' ' " . \, . .' °.,. 1
r'

7.

1:

ationa in the type of lecSchis-presentad to the subjects constituted tbe'''''.

( 1 ',

. ,

-, .

( J.
experimental cbnditions

I

` -..,-....

,, %, , .
. ... t,

Two principles,kroeach Of 76 subject tatter's 161afnematics and e

,

.., .

V "
i : ! : .. r.
i . t ). , '

language arts) served as the,,o ntenc,Of the,leaning task. One prkinciple?. ! ::','
.

. . .. ::;,"!%! ..-..:, , , I ,' . i,- : i ,. ,t1 '-, , s

..
it from each subject mat ter was selected to be, either Iea:sir" Or i'diffiti.cUlt!'1, ',' / ''', . ' / ', / 'd'.. . . : .:..- . 1., ,.. ., '

1 : 4
1. i'l 1....1

. I : : : i7. -, ' / y F le '

.., ....

on the basid-ofprevious readlie://: :;

i I

, : / 11' ::.' !.' ' .'

,..
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, q
T.--

.. . I. i

. . .. : :

. .
.

s , .: t: :
. . .

,

. ` .: ,

11
Two

'`e
Two, covariance appropriate post hoc comparisopS-

'''

:

1

; /
,..,,z4..' were used topanalyze*the data. The covariate(was a reading achievement

, . 4.

/ i
score drawn from a standardized test. One analysis of.covariance was

.

, i cal-ried'out "On the total Scores on the knowredge items while the other
, ,- ..,,.

..., .....,

. . ,

A f.,7., ,;analysis of covariance was carried out on.the total'sCores on the
is

1'

, 1

. -..

,-,,',7,::2 application items.
,,-T- '.

, . .. ... .

4 ft ft J
i ',. !.

%.. PurpOte And Hypotheses Of the Study
--,

The purpOSe of the present stitdywai to investigate the effects, of

. ,

_several instructional' cOnditions on principle learning. The follOwing :

- /..,

,

. (1) Easy princiides,Would,be, mastered More fully thenidlt4cuIt /-/- / ,;' .

... l'." . . ,

.
/

' /...

'

. / /%. '

.

, ,
.specific results were 'hypq,thesized:

- principidg.

\

,(2) Subjects instrncied on the separate concepts contained in the
-....

.-

,
,

,,. . .. .

-
.

,.. A, .- . -
,

. : principles-wOuld-perform significatttly better than_subjects
,.... -

e

... :not receiving snch instruction. .- ...

,-

' (3) Subjects given a/statement of the principle and either a
.

rationally selected set of examples,And nOnexampleS or one

example would perform significantly Iletter,than control sub-
,

Jetts who did-not receive a statement; Of the principle or any
4

-\- it a ive instances.
. ,..

, \
-.. \., .

...A
.

.\
1A) (a)sFbr a diffical.-t,prinCISle-a rationally selected set of

. . - . ,

examples and nOnexamles,would he more facilitative than one

,

--'-..2 _example regardless\ bt Whether subjects had.receiVed instruc-
.--.

.

tion on the concepts or

\ j
,(b) For a simple principle a rationally selected set of

xamprei and nonexamples would be equally effectiVe ) as-one

example:if subjeCts had received instruction on the concepts



r.,

6

`S

contained in-the principle: However, iff4pUjectL hid not
_ . . 1

received instruction on the target concepts, a rationally.:
- . . t ,

';'selected set would be more facilitative than>oneexaolle.,
.-.

( ..

Significance of the Study

(

Gagne has stated that principles "are probably the major organizing

A

.4

and quite possibly the `primary one, in intellectual'functioning"
r

. :
. _

(1970, p. 190-191)1 Yex very little is known about how these important
,

fa tort are learned, Knowledge of the effect of the instructional vari-

, ., ..

abIIes.etUdied in this experiment thus could have important implications

fon the theory of principle learning.

The present study also has potential significance for teachers and

;other curriculum developers concerned with the external conditions of

principle learning in classroom settings. The results
eta

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

instructional variables on principle learning tould form the basis for a

se of guidelines for effective teaching of principles. Such a set of,

gu delines could be a valuable advance in the theorykof instructional

d sign. e

e
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Chapter II

REVIEW OF RELATED LITERATURE

The Nature of Principles

'A principle is a relationship among two or more concepts. Typically

principles define a more comprehensive concept; express.a composite

idea, or explain a procedure. A broad range of phenomena from many dis-

ciplines may be described in ;this way: rules that, pertain to language,

matheiqatical statements, scientific principles, and so on.

The external representation of a principle is a verbal statement.
O

However, the principle is not the'verbal statement; it is the "idea"

expressed in the statement. A learned rule is whattGagne (1970) calls an

"internal state" of the individual, "an inferred capability that enables

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

of perfdrmances" (p...94. The learner may even acquire a particular

principle without beixig able to verbalize a statement of it. Gagne's

example clarifles_' these issues:
; 4 ;

The individual responds to a clas's of stimulus' situations (2 +

_3, 3 + 4, 7 t; 5, and so on) with a class of performances (3 +
2, 4 + 3, 5 + 7, and. so on) that are' predictably relaied to the
stimuli of a.relition 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 theclass:of
numbers b is independent of the order in which a and bare com-
bined." It may be noted that we as external observersmay-
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 pont.we are not concerned with
that question. What.is observed-is that the individual responds

17.
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.regularly toa large class of specific situations; in other

words, he apples a rule [pp. 191-192].

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

meaning of that principle g enerally accepted by his or her society.

y
'Thus, principles ftInction both as mental constructs.of individuals and

as publicly defined entities (Klausmeier, Ghatais,.& Frayer, 1974).

It is, of course, the publicly defined meaning of afrinciple that is

taught in the,classr9om and presented in reference texts.

Klausmeig and Goodwin (in piess) have identified Six'imensions
19-

along which all principles vary. The authors consider theSe to be the

defining attributes of the term ,principle. These. dimensions 'are:

learnability, the ease with which a principle can be learned; usability,

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

understanding new phenomena; validity, the extent to which experts

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

principle subsumes other (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 concepts contained in the-principle.

Once an individual hasslearned a principle he or she begins' to

exhibit principle- governed behavior. That is, in Gagne's(1974) words,

the individual begins to respond to entire classes of stimuli with

classes of responses. or:example, the individual wio has learned the

rule of "independence of order" will be able to apply that rule to any

combination of numbers i 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

understanding and relatin new phenomena, predicting consequences, and

c)
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solving principle-related questions (Klausmeier, Ghatala, & Frayer,

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

Thus,"if dne has the concepts of desert, irrigation, and alfalfa and

if one also understands various relationships among nutrients, water,

and alfalfa, one can predict that alfalfa will grow in a desert region

when water and certain nutrients are supplied under proper coiditions"

(Klausmeier, Ghatala., &.Fraler, p. 169)n Obviously, the more usable

and powerful a principle is to an individual the more valuable it 4

as a cognitive tool.

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

cepts. While principles are generally represented by verbal statements,

it is the,idea expressed by the relationship and not the verbal state-
.

ment which actually constitutes the principle. Principles, vary among

each other along six dimensions. These dimensionnt'e

usability, validity, generality, power, and structure. After a

piinciple has been learned' the 'individual is able to apply the principle

to novel situations and also to use the principle as a cognitive tool

for reasoning and understanding.

Classifying Principles

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

Phenomena irom disciplines as disparate,as religion and sports are

,

called principles. This diversity makes a meaningful classification of

principles across subject matters difficult to derive. Only two

,classification schemes have been proposed, both 'of which are based in a
. -

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

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

.Gagne (1970). .
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Klitusmeier, dhatala', and Frayer suggdst that principles'Can be

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

express. Four classes or 'typeb of principles are defined in this way

by the'authors. These types are causal, 2robabilistic, correlational,

and axiomatic. The first three imply specifi6 relationships.. Cot:sal

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

in an "if-then" fOrm. (Probabilistic principles, express the probability

of a particular event occurring and permit actuarial prediction:

e-t

Correlational principles express the likelihood of die joint occur-

rence of two or more evehts. The fourth classification, axiomatic,
,

does. not imply a particular relationship. Aximistic principles are

10
defined simply as principles that are stated as *givens" in the form

of generally acc4ted axioms. The specific relationship expressed by

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

probabilistic, or correlational.0
Klausteier, et al., include a variety of examples to illustrate

their' classification schema; A few of these examples follow:

Causal: Tuberculosis is caused by the organism myobacterium

tuberculosis.

Probabilistic: The probability of getting a head on any one

toss of a coin is .50, given that the coin isair.

Correlational: Sample correlations between two sets of scores
lon 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: ANouns car:1)e 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 9f

a verb.

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

fall into the axiomatic classification. Bernard (1974).4as identified

20
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s veral subclasSes of the category which lend suppqrt to this idea.

These,subclasses are what he calls fundamentals, laws, rdles, theorems,

and axioms.

Fundamentals are principles which are essential to the basic

structure of a Uiscipline or philosophy. Such statements as mechani-,,

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

equal" woulkbe classified as fundamentals. t.tws are either scientific

laws stating relationships among physical phenomena such as "enthalpy

it the internal energy of a system plus the product of the pressure.and

volume, of the system," or gocietaf laws which dictate conduct. Rules

are primarily principles related to language arts, for exmipleprules

of punctuation. However, the term also can be applied., to informal,

personal statements of behavioral eXpectation sucil as "wash [your] hands

before t#Ig to t table." The terms theorems axioms refer pri-
.

warily to mathematica1 statements, although axioms also can be used in

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

example, "nothing is as dead as yekerday's newspaper."

Gagne's (1970) classification system is less sophisticated than

that developed by Klausmeier; Ghatala, and Frayer (1974), but in some
4

ways It is a More useful' framewolfkwithin.which to' consider how

r

4 principles can be taught most effectively. However, the two are not if
De

r

.

'et

e,
mutually exclusive, and Gagne's sbhema can be seen easily,as a fUrtil

J.. . ,
.

.
. /

wsy.of clas ifying each of the four,types of principles-KlausmeiWet
..;

,

, .

J-

J.

al: descri e. I
i

Gagne distinguishes betpen what he calls "simple" and " complex"

principles (rules in Gagne's terminology). The\distinctiOn is in part

5 A

:simply a structural one. the more complex a principle the Treater the
;
s
: A
5

/
.":
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number-of co is 'of *which it is composed. The structurally simplest

pvinciples relate on 'y two concepts in an "if A: then'B form." The more

c .,

complex principles may even relate two or more simpler rules in adclition

to'a large number of concepts.
.

Complexity ins also defined by Gagne in 'terms ot
a
abstractness.

Comple4 rules involve subtle discriminations and abstract concepts (pre -
.

sumably concepts for which there are few readily perceptible instancesdn

tbe'environment). Simple rules do not involve subtle discrimintiofis and

relit4.concepts that are not considered abstract: The simplest rules,

according to Gagne, are the ones which the young child learns.

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

the dual combination of formal structure ande.abstractness to the determi-

nation of complexity are the following:

Simple- rule: Round things roll.

;Complex rule: Metamorphosis occurs when the larva of an insect

turns'into a pupa. F
While the\number of concepts (Or simpler rules).of which a

rinciple is composed is an objective and easily applied measure of com-

plexityabstractness is not. The degree of abstraCtneds' f a rule or

. =

concept must depenft upon the particular society one focuIse on, a

particular individual's

of subjective judgment..

experiences within that society:,O.
a good deal

sWhile a lawyer might consid04-the term4enthalpy"
- 4

highly absoraci and difficult to understand, a physica

= not. Without an operational way of defining abstrace o

chemist would

complex Gagne's

schaila becomes less, useful than it potentially could be.

/ Stratthry. A great variety of statements-are caIled pqnciples.., Two

4, -generaL schemes have been proposed for classifying t atements.

T40 first, suggested by Klausmeier, Ghatalal, and FreAr

I

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

F rrtypes of relationships are mentioned: causal, probabilisti,

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

fies pri ciples in terms of complexity. Themore complex a principle

the greater the number of concepts it relates and the more abstract

those concepts are.

00.

The Learning'of Prinapies

Being able to recite the statement of a principle does not limply

that the principle has been learned. The statement of a principle can

be rotely inemoriied witdbut the principle itself being attained.

Rather, learning of a principle implies that the idea expressed by the

principle has been meaningfully understood and that it Can be applied

or demonstrated.
4.

Ausubel (1963, 1968) and Ausubel and Robinson (1969) have described

internal mechanisms and prerequisite condition's that underlie the mean-

.

ingful learning of. principles, or "Propositions" in their terminology.

The major prerequisite condition is that the proposition must be relatable

to existing facts,,concepts, propositions, theories, and raw.perceptual

data in.what Ausubel Robinson call the learners' existing "cognitive

4

structure." If e new material is relatable inithis way, and the learner

is motivated to do 'so, the proposition will become meaningfully

incorpordted into his or her cognitive structure and Whence learned.

There are three general types of relationships that Can hold

between newly acquired propositions and the learner's cognitive structure

according o Ausubel and Robinson.- The first kind of relationship is a

/

subordinat one. This is the most common relationship existing between
t,

new material and established ideas. 'Wien a subordinate relationship is

ti
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formed, the new proposition becomes subsumed under existing and more

inclusive idead in cognitive structure. Thereill;are in turn two kinds of

subsumption, defined byrthe type of material being incorporated. In
.4

derivative subsumption the new proposition is merely an illustration of

an already establishbd, more inclusive proposition, or can be derived

from an existing proposition. In correlative subsumption, however, the

new'material elaborates? eitends,*modifies, or qualifies previously

learned iddas. For example, if an individual has tearned.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 be modified and extended.

The second type of relationship that can hold between new material

and the learner's cognitive structure is a supraordinate one. The new

material wh)ch is' incorporated stands in a more inclusive relationship

to existing ideas and, once learned, subsumes those ideas. The supra-

ordinate proposition may be developed inductively frOm existing sub-

ordinate material or it may be simply presented to the learner. This

latter approach, Ausubel and Robinson point out, is the method typically

used by teachers and textbook writers. General and inclusive material

is presented first followed by more partioaar and subordinate ideas.

The third and final type of relationship, combinatorial, results

when a new proposition bears neither a subordinate nor a supraordinate

relationship to existing cognitive ,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.
4

Ausubel cites as examples literary metaphors and scientific modelsl. He

1
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suggests, for instance, that to explain.t6,derivafibn of the period of

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

And Newtonian mechanics that the pendulum can be considered structurally

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 Perimeof a pendUlum.

Gagnd (1970), like Ansubel'and Robinson, also argups that principles

9 . .
1 ,

must be relatableto previously learned, material if they are to be

meaningfully attained.' However, he makes his point sOmewhat fore

precisely by stating that It is 4e concepts related. by the principle

whichmusi have been learned previously for the principle itself.to be

meaningfully incorporated.

The idea that learning subordinape,A2,ncepts is an essential pre-

requisite to,principle attainment follows directly from Gagne's

description of what he feels are the eight basic types of learning.

These are signal learn", stimulus-response learning, chaining, verbal

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

learning, and problem, solving (Gagne, 1970) .

According to G'agne the eight types of learning are distinguishable

from each other in terms of the conditions necessary for their

occurrence, and each one involves a different internal capability on the

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

porlding learning types, are hierarchical and cumulative. With one

exception (signal learning is not a prerequisite for stimulus-response

learning), each capability. is::a prerequisite for the next higher-order

capability. Thus, concept learning becomes a prerequisite for rule

learning, which is in turn a'prerequisite of problem'solving.
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The model of concept learning and development (CLD) pr4oSed by

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

concepts must be learned before any statement of relationship among those

concepts can'be understood and used. Moreover, in a cross - sectional

study (Klausmeier, Sipple, & Allen, 1974a,b) designed to validate the.

model direct support for this central iltea was demonstrated.

Briefly to reiterate (see Introduction),, the core of the CLD molpl
4

..70

:11.

..consists of four successively` higher levelsrat which concepts may be
4

attained. Each successive level represents knowledge abOUt concepts at

a higher degree of inclusiveness and abstractness. The levels are

concrete, identity, classificatory,,and formal.

The cross - sectional study carried out to supply external vgl city '.

for the model involved about 800 students from four grade levels

garten, third, sixth, and ninth grade). Stu ents pattiftating in the

study were drawn- from the-Public school population'of two suburban

Wisconsin communities and theywere judged to be typical of oitdents.from

similar cpmmunities.thrOughout the state. Principles were ise e
.

three substantive areas and they were in general axiomatic. U

rom

tending.

of the major or key concept in each principle as .well as knowledge of the

°
a

principle itself were tested. A typical principle, Tilith maj conaept
. /

,

underlined, is the following: All equilateral triangles ale sinij,lar in

shape.
0:

Based .on the results of the research the authorssboweid that note
. ,.

until the major cont contained in a principl was attained at the

IT, ,

classificatory 101411 were even small proportions o&Atudents ableto

. .

answer questions correctly Vhat tested their knowledge of and ability to

apply the, principle. Tvio conclusions can be drawn from this findings
I

O

/--
.4

0
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Firie; at least the major concept (orconcepts) cifsa principle must be
,

.
.

..

familiar to the learner' if the principle is to be .meaningfully learned.
f A

Second, the,key concept(s) mist have been attainedat least at the
..

ciassificat&fy level and preferablyat the formal.
.

.

.

.

'In-addition to sta-ting that the concepts related in a principle
,

.- must be known to ,the learner, Gagne' (1970) has arsa_specified*several

17.

conditions within the learning situation which must be met for principle

learning to take place.- The first type of condition Gagne calls an

k
internal condition of the learner. Conditions related to the learning

situAion he refers to as external conditions. External cqnditions are

essentially instructional variables.

The external conditions which Gagne sees as important in principle

learning, presented in sequential order, are the following:

(1) The generalnature of the desired terminal performance in mast

cases whould'be stated. This serves a dual purpose. It insures

that the learner will know when he Or she hasfinished learning,

and it provides the learner with a means of obtainihg immediate

reinforcement for the desired terminal act. The principle itself

is not stated; only the kind of performance that wig l demonstrate

its attainment. For example, an instructor teaching the principle

"round things roll" might begin instruction by saying, "I wantyOu

to answer the question, 'What kinds of things roll ?',"

(2) The learner should be encouraged to recall relevant concepts

*4* related. in the principle.

(3) Verbal cues.for'the ncip1A-as a whole are given, which,

depending on length,fmay be an exact verbalization of the principle.

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

into simpler parts and prespnt each part separately.

at.
,
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(4) The learner is asked to demons ig'a -tei ii"stir,frattre -'.0 orcarete

'instances of the principle and is 0.NA100pir-Opr*dte feedbdk and .1

-Li-4
r .;:7., i

reinforcement. ;:,.. li / 1. 4 '1

.: .

./ e 1 1 t.

(5) (Optional) The learner is alOkeCpo ,state the prixncige. This i %.

:
. . , .

. : . ., ,
,

, - -

condition is included only so- trat:the-learner will be able to dis-
/

cuss the principle using complete and accurate temgologY at some-',::
;

. %

later date. Gagne makes clear that ,it is nop:art essential part

principle learning itself. ,

The importance' of providing, with a:siateMent of the principle,

labeled examples (correct applications) Ana possibly noneiamples (mis-

applications) for to -learner to Siudy_is not discussed_ by Gagne.
;61

However, he; does suggest that when the- concepts related infi's principle

have
, -

been(th4Ougay`learned the principle itself can be attained from

its statement alone and otv'a single occasion. Gagne (1970) points out

that t; adults, (and'Airesumably many older children) the

t io ns' 1514Achle. learn

the pria--:Ike* i ei4

-16..."V
have been well= rOd,1Gdghe argues, "one

-.`!"." !

1-
who has the iatellOoll to AT;i6.0

verbal statemem tteifV1
;

external condi-.-

are -often reduced to pri -nted statements of
, -

oOks If the concepts related in

Summary.

can learn

principle

may suppose that the adult

the new rule entirely from the

1970, p.. ,197).

i;ciple ti!.4aid to ,be learned when the idea enteseed

.-.

by the principle is meaningAll.k.inderstood ocan.be applIed or demn-
- ./ .

Internal and/Or extgW csindtions of pri#iple le4ning bavestrated.

been described by Ausubel and Robinson"

Klausmeier, Ghatala, and Prayer

which is supported. by empirical

. , --
.10 ..

.
.

(iforg), Gagne. (1970),i i and
:r.

': - . .

. ,

(1974). The major internal condition,.
. .

evidenCe, :is that.the concepts that 2

I t

'94

are related in the principl must be attained (at lease at the clAssif' 4

l'

/
A



19.

. .. .. ......4,-............, a' \ -
. .-
....,, (.

..

cato y level) before the principle can be meaningfully incorporated.
--P-- ' ,. I

\
. ., .

txter 1 conditions refer to the learning-situation and are essentially

instrtctional variables. If the majcSr internal condition has been ful-
.

,

filled, Gagnd suggests, the necesary external conditions reduce to a

statement of the principle.

Developmental Considerations
I

Very young children have difficulty updertanding relational

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

"darkei,"_and "middle-Sized" are taken to be names for objects

Sharing common properties instead of'relations between objects. A
N

young child'taught which of two gray objects is the darker may continue
. . 7..

.

.... .

,

4:4; to select that object as. the darker one even when placed next to a

-. ,

'' black object because....tHe*ljective "'darker" is taken to be the name of
-..:-. -...

t : .. g&FObj-e-c_t-7-.and- ntit..a. cfesciption of the relative saturation of a hue.
41 ..,..-..f.:,......_,,, .- ,_

.

,

P4get:t1928) his attributed the young child's difficulty with the
- - ........

''.- .

,

df relatiops to cognitive egocentricity. Young children are

-unable to envision multiple perspectives or points of view and hence

misconstrue relattops between concepts as absoln'te classes.
4.

According to 4avell (1970), children develop a mast ry of the
NN

4,
fundamental propertleg of relations during the elementary school Oars,

although their ability to grasp complicated relationships involving

sophisticated reasoning may not develop until adolescence. Support for

this contention comes from the research described by Klausmeier, Sipple,P

and Allen (1974a,b) discussed 'earlier. The authors report that the

number and proportion of studenti successfully able to deal with

questions designed to assess cognition of principles increased
-, _,-. . .. -. -- .

11)".'". ."-- \----"" 'op / ipositive y with age. By the ninth grade the majority of children were
1

e

Y.

ij
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able toanswer principle-related questions correctly.

It is important to point out, howeyer,'that the research reported

by Klausmeier,tipple, and Allen involved no specific instruction. The

principles tested for were not first taught to the-students as part of

theoresearch. Rather, the students were asked questions which could be

answered correctly only if the principle upon which they were based was

known. Thus, this research should not be interpreted 'to mean that

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

*Summary. Very young children,have difficulty understanding

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

fundamental properties of relations during the elementary school years.

Research Related to PrincipleLearning and Teaching

There has been very little research reported dealing-Airectly with

principle learning_or teaching. As Andersoh (1973)_has-recently pointed

-I
out, "this is a topic about which pitifully little is known" (p. 26):

c, In this section the work which has been undertaken in the area will be

di-atussed.

(A series of three studies carried out,by Gagne and
\

associates has

focused on the effectiveness of practice examples that demonstrate

'applicati6n of a principle. Gagne, Mayor, Carstens, and Paradise (1962)

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

jests. Subjects were 136 seventh-grade students who worked through a

leagping pro-gram on the addition 6f integers. The program was broken

dowir-into--6 number of ;"subordinate knowledges" that were the principles
-

upon which the-final task, integer addition, wasthased. After each sub-
.

. ordinate knowledge was mastered;, subjects were given eitherone or two

practice problems to which _they. were tb apply the principle (low

. %,
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.

(7- -tepition condition) or four or five times as many practice problems
-

,(high repitiori'donditin).

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 performanCe.

,
Overall, there was no main effect fornumber of practice problems

provided. When the high repetiti9ii Condition was coupled with a guid-
,

..,,,_ -,.,

ce_treatment in which subjects received 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 condition. Howl-

ever, treatment programs varied in length, high repetition-high guidance

being the longest while low repetition-low guidance was the shortest.

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 the number of practice problems and amount of guidance

given.- -Indeed,,: the authors concluded` that the overall effect of these

variatIles was weak.,

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

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

students. The,lerning task was a set of programmed self-iristructional

booklets on non-metric geometry: Again, 'the task was divided into a

series of subordinate knowledges for which problem examples were pro-

vided,/ Many of the subordinate knowledges were principles. -Variety

b

in the ptactice problems constituted the experimental treatment. As

in,the earlier research, practice on these problems was provided only
,

after initial attainment of the subordlriate:ji6ks.

Three levels of variety were used, defined as follows; E1

31
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practice examples minimally different from those used to induce initial

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

mediate difference from teaching examples (intermediate variety); and

E3 - tome El and E2 examples plug some that were of maximal difference

from teaching examples (maximal vairety). The difference between

practice examples and teaching examples was defined in terms of the

context'in which the principle was to,be applied. The number of -.

examples was held constant across treatments and ranged from three to

twelve depending upon the specific subordinate know/edge illustrated.

No differences among treatment groups were found on.a test of sub-

ordinate knowledges (or on attest of final task performance) administered

after completion of the learning program. MbreoVer subjects in the

maximal 'variety condition performed no better than control subjects who

had received either no practice example2 or irrelevant practice examples. 7'
7

Gagng et al. explained these resulti by suggesting that the nature of

the material was so simple that additional practice examples were not

needed after initial mastery.

An interesting follow-up to the Gagng et al. (19651 research was.

teported by Gagne 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 results were

that while there were no differences among means for'retention of sub-

:,

ordinate skills due to variety (di. mmMber) of. practice examples, there

was a differgnce for retention, of the complex task: The minimal variety

group had 'agignificantly lower mean score on. the Comp1ex task retention

test thanlil other groups, lower even than subject6 pioVidedwith.no.

practice examples.



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

practice problems affected immediate learning of a complex task. _

skills were rules for carrying out graphical, linear addition. Sixth-
.C.,9

.grade subjects read self-instructional programs which presented 20
I

heterogeneous subskill practice problems, 20 homogeneous sub ill

problems, or 20,rrelevant problems. After completing these problems

subjects then worked 26 problems dealing with the complex task:

Problem heterogeneity was defined as variation in problem context and

type o correct answer. Heterogeneity was achieved by varying the

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

correct answers.

Subjects,who ha4,been given heterogeneous subtask practice prob-

lems were able to solve significantly more complex task problems tha

either of the other groups. Subjectsln 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 simliarto those reported by Gagng and TraUb 1.ias
.

undertaken by Gibson (1970). SubjeCts partiapating in this research, :

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

t

dealing with decimal numbers. The:unit was-divided into thrie. sub-
.

skills (principles related to decimal numbers) which were ta4ht.to

the subjects by their*classroom teachers "in the usual manner,." After

initial instruction on each subskill a proficiency test was adOiniS-
.

tered. Subjects linable to pass tbe proficiency test were given addi-

tional instruction until they.could do so. Upon passing tbe .prOficiency
. ,

test subjects were given practice examples (applications).af the

'principles to work on.

3d



24

Practice examples of the principles varied in variety and number.

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

wording among the examples which involved application of the sub-

'ordinate principlcm 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

not. Subjects were given either 0 or 25 practice problems.

Five experimental treatments were defined by the number and type

of practice examples gived. 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

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

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

,novel situations. No differences tutce found among treatment'groups on any

of the assessment tasks.

The results of the series of studies reported above are disappointing.

Apparently, th number and the variety of practice examples of a principle

do not affect the 1 arnfng of that principle, although these variables may

facilitate learning f a supraordinate principle. Perhaps the critical

4

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

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 introduction of

a principle have a significant effect upon learning.

Two studies that focused on instructional variables associated with

initIpl principle learning-teaching situation have been reported by

3(1-



to .0. Gagne and-Wiegand (1968). and Anderson (1973). Gagne and Wiegand's

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, 4

drawn4shape) and an "action" (such as underling the shape). During

.prelearning the individual elements of the principle were taught. Each

IF

thingor shape was associated with a name (a nonsense syllable) and

subjects learned the association between shape and name by studying

fouf labeled examples of the shape which varied along irrelevant dimen-

sions. Actions were taught by requiring subjects to do whatever the

action was.

Subjects learned the principles themselves tom a printed, self-

instructional booklet. Each page presented a. different principle, and

,
subjects studied three, five, seven, or nine principles depending upon

condition. At the top of each page a previously learned shape was

first presented,and identified, e.g., this is a nob. Following that

the,statement of the principle was given, such as, a nob has a circle

,afound it: The principle was then illustrated, and subjects were

instructed to draw the principle themselves. Subjects studied the

principles at a rate of approximately one every 15 seconds.

In Gagne and Wiegand's experimental procedure can be seen each of

the conditions of principle learning that Gagne has ppstulated to be

essential. Subjects were taught the concepts (elements) related in the

principle, encouraged to recall those concepts, given a statement of the
.

principle, and then required to4demonstrate the principle. The authors

report that this procedure was highly-successful. Subjects learning up

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

3 z)
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. prinoiplesAW.th 100% accuracy on tests'of immediate retention.

t is important toToint out, however, that in terms of both
/ .

number of suhconcepts and abstractness the.princiPles Gagne and Wiegand

-taught must be classified as very simple. They were' composed of only

-,,
'two concepts and ko'r both of those concepts there were readily

percepbiblA examples. 'If the principles had been more difficult or

complex, it-seems -unlikely that they could have been grasped in a

single 15-second'trial and by the use of a single teaching example.

Support for the idea that Iifficult or complex principles cannot

' he taught by simply presenting the principle and one example of it

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

materials, Anderson attempted to teach the principle "intermittent re-
.

inforcement causes resistance to extinction" to high school students.

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

sidered Telatively abstract in terms of. the naivete of the subject

population. .

Subje4s' read a three-page passage dealing With the principle. The

first two pages introduced the component concepts. The third page

explained reinforcement, the principle itself, and presented. one exampld.

he third page for'e control group contained additional material on

,,classicaI con itioning. After reading the passage, all groups took a

test that req fired them to apply the principle toisituations that were

,identical, s ilar, or dissimilar to the text example.

Anders n reported that the treatment group performed significantly

better thanitlie control on.the posttest, and also that performance was

best `on to t itdis that were identical to text examples. Yet even when

test items were identical, less than 60% of the treatment subjects were

able to a swer them, correctly.
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Indications of the type of additional instruction needed to teach

diyelcult or complex principles comes from a body of recent literature

dealing withthe teaching of defined concepts (Feldman, 1972; Feldman
4

P

&-Klausmeier, 1974; Klausmeier & Feldman, 1974; Markle &-Tiemann, 1969:

Meill & Tennyson, 1971; Markle & Tiemann, 1969, 1972; Swanson, 1972;

Tennyson, 1973; Tennyson, Woolley,-& Merrill,' 1972). Defined concepts

relate two or more simpler concepts in their definition. Because of

this they can be considered in a formal sense a type of principle

(Gagn6, 1970). It is reasonable to presume, therefore, that variables

which are effective in teaching defined concepts would be effective

likewise in teaching principles.

As reported by Klausmeier and Feldman (1974.), the instructional

:variables found to be most important in teaching defined concepts are

/ the following:

1) a rational set ,of examples and nonexamples of the concept;

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

appropriate for the age level,and abilities of the learner;

and

3) cues or emphasizers, such as arrows or attention directing

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

relevant attributes of the concept.

Of the above variables, possibly the most `important in terms of '

instructional design is the idea of a rational set of examples and non-
.

examples. Originally conceived by Markle and Tiemann (1 ), a

rational set conspts of enough concept examples to vary each major

irrelevant attribute of the concept across,the set, and enough non-
,

.examples so that a nonexample which lacks each relevant attribute

31

e



28

(while possessing as many of the other relevant attributes as possible)

;Ps presented: Thus the number of instances in a rational .set if
4,

//specific to,the particular concept' being to t and determined by the

number oft relevant and.irrelevantattr utes associated with that con-

cept. Irrelevant attributes are as ihOse properties which may
5

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

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 equi7

lateral triangle is presented-in Figure_l. The examples vary in size,

spatial orientation, and whether they are solid or line drawings. The

nonexamples are constructed so that each of the relevant attributes pf

the concept (closed figure, simple figure, three straight sides, sides

of equal length) is systematically excluded.

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

refined the idea of a rational sets somewhat by pointing out the

usefulness of matching teaching (labeled) examples and nonexamples

whenever possible on irrelevant attributes. This serves to focus the

learner's attention on the relevant_ attributes of the concept as they

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

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

it is impossible to match each *example with a corresponding nonexample,

However, across the set examples and nonexamples can e used that

share irrelevant attributes.

oe`

3 o
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Examples

29

4

Nonexamples 44,

4

Figure 1. :Rational set of example and nonexamples
for the concept equilateral triangle.

3 6 AL.



30

P.

Klauameier, Ghaula, and Frayer(1974) have pointed out.thatlaa an

organiiational first step in, constructing a rational set and seleatidg
a

an apDropriate,definition-it ienelpful to carry out a "concept

analysis." Such an analysis consists basically of listing relevant and

major irrelevant - attributes of the concept and specifying A concept

definition in terms of the relevant. attributes. On the basis,of the

list of relevant and irrelevant attributes it is a relatively straWit
6.11,

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

Additionally, the definition stated in the analysis can be mOdifiedas

necessary to fit the characterist of the learner population.'

Depending upon the needs of the instructor, the concept analysis itself""r .

can be expanded to include suCh elements as a list of principle's or

problem solving situations that involve use of the concept: _

Tennyson and Tennyson (1974) have reported two ekperimentsin which . . '

'0,1p .v
e,

several of the instructional variables shown to facilitate the learning. '''

of defined concepts were extended to a principle learning situation.
.

Subjects were high school sophomores who studied two transformational

syntax rules: "extraposition" and "it deletion." Both rules could be
, 0

applied to the samemtentence and the beha'ioral Objective was that the.

subjects wpuld be able to apply either rule correctly when'asked. ,The

. 4
two principles were taught simultaneously.

The first expC'lmentfocused on the display variables of matching

and divergence. Matching was analogous .to .a matched concept learning

.
situation in which an example and a nonexample of,a concept are paired

ft -

on irrelevant attributes and prese4ed together. In this-study, .

examples (applications) of each rule were-paired an rrelevant. attributes'

an presented simultaneously: The example of one

40

erVed'as-the non
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example of the other and vice versa. Divergence referred to the type

31

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

in which the irrelevant attributes of a rtyle were varied across

P

examples, similar to the way irrelevant attributes are varied across

examples in a rational set. On a tdst requiring subjects to appXy 'each

rule to ten nongrammatical sentences it was foundthat subjects who

studied matched and divergent rule examples performed significantly
4

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

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

In the second experiment Tennyson and .Tennyson, investigated the

variables of analytical explantion and simultaneous presentation.

Analytical explanation was analogous to emphasis from the'concept

learning literature: examples of the rules were presented with brief

explanations. The simultaneous presentation_condition was identical to

the matched divergent condition of the first experiment. Examples of

each rule were divergent and were-p, iresented either in pairs (simul-

taneous presentation) or independently (first one rule was introduced

a
with examples and then the second rule was presented with examples).

;e
44

The authors reported that groups receiving a simultaneous presentation

performed significantly better on a dependent measure than groups that

At
received an independent presentation,.and that groups provided with

analytical explanations performed significantly better than groups not

provided with such explanations. Across the two experiments subjects

, 4
pdrformed best when given simultaneous presentation of examples (matched

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

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

41
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While the results of Tennyson and Tennysorf's researth is important j
I

nth
,

i .r t
,

in that.the authors have demonstrated the applicability, of certain con-

'a4.., ,,. i .r 2 ..! -.....

cept learning instructional variables to principle learnirwitsiituatiOns, _
.. . -. r'. . - --, --

!, ,: ,j --

thethe results ark not easily generalized. As T,enn-yggn an porift,
, . k f ' I

r out, a simultaneous presentation condition neqessitate-13-'41dt the
- '

principles have similar effectiVe stimuli and similar irrelevant attr4-

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

relatively rare.

Summary. Very little research dealing With principle leaning sand
2

teachicg has been undertaken. Nevertheless, it has been demonstrated
.

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

initial ning.do not affect attainment of the principle, and

(2) "simple' principles can be learned from a statement of the principle

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

are familiar to the students. Indications of the type of additional in-

struction needed to lear4 "complex N-inciples 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-

ditions.

The Present Research

The present research was designed to investigate the effect of two
i:, e ,

\ instructional variables on the learning of easy (or simple) and diff i-

\ ... .

It,: Vt' -,_ \ 1.\
-

-..: . i s,trate the principle. The i'dea of a "rational set" of concept
?

.

' V
.\` .eampli.. es and 'nonexamples was extended to principles, and referred to as

.. ,

g\.\\-a: 1raVi: Rally selected" set. -. Based on the results of Gagne and Wiegand

1'
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(1970) Ind Andetson (1973), it was expected that the effectivendss of a

particular instructional strategy would be dependent upon whether an

easy ora difficult principlewere being studied.

The following specific results were hypothesized:

(1) Easy principles would be mastefld 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.

(3) Subjects receiving a 'staement of the principle and either a

rationally selected set of examples and nonexamples or one example

would perform significantly'better than control subjects who did

not receive a statement of, the principle or any illustrative

instances.

(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 instruction on the con-

cepts or not.

(b) For a simple principle a rationally'selected set of ,

instances mould be equally effctive as one example if subjects

had received instruction on the concepts contained in the

principle. If subjects had tot received instruction on the

target concepts,a rationally selected set would be more

facilitative than one example.

/
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Sub ects

Chapter III

METHOD

Subjects were 159fifip:-grade students, 81*females and 78 males,

.

from a suburban community; in south-central Wisconsin. They were of

,,-

average ability and socioeconomic status. Reading achievement scores

on the MetropolitanAc evement Test (Test F) which was administered

. .

durin the:fall oP th= schoo year were obtained fair each child to be

.,,,,-
*

used.7.as a covariate-in analyzing the results of thestUdy. The

average achievethent score was 78, which_ corresponded to a grade _

equivalency of 5.60, Subjects were randomly assigned within sex groups

To an experimental condition.

Lea9 rning Task

Selection of Principles. An "easy" principle and a "difficult"

-principle from,two:,curriculum areas were used in the learning task.

The curil:cpluth.areas were mathematics anklanguage arts. Thus, four
1.

different- principles were taught.
. .

The four principles used in the learning task were selected from

thOsie which,KlausMeier, Sipple,,and Alien (1974a,b) had employed in
4..,

the r cross-sectional study of concept, attainment. 'In that research

the 'bathe sub4ec,s were asked to answer questions based,on several

,principles' from three separate curriculum areas, two of which were

4 435
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mathematics and langdage arts. The'percentage of subjects correctly

able to answer principle related questions within.,c, particular
. ,

I/.

discipline varied from principle to,principle'ind also from grade to
,

r- - ,-). _.,.
.. ,

. .,..

grade. Thus, it was possible tdorderthe principles within a subject
. .. 4

..
4 . i . / .

.

matter and within a grade level according:to thefOrcentage of subjects ,
J

.
,

,7-:,:- --
correctly able to answer qdestions relayed to:;them.

, .. ------

For the present research, the sain:cIples that generated questions

. ,..

which the highest percentage of .subjects,cbuld answer were opera-
..

. .
. .

4

tionally defined as "easy," whilethose that generated questibns Which ,

..

the lowest percentage of subjects could answer were operationally

- _

defined as "difficult," ,Based on results Klausmeier et al. obtained
/

from the sixth-grade population, the easiest and-most difficult ..,

easiestprinciple from language arts, and the easiest and most difficult

1 -

principle from mathematics, were used in the present research. These _

-

principles, along with the peecentages of subjects (from the Klausmeier

et al. research) correctly able to answer(questions about them, are ,.....-;
- ,

._ / ..
....

..

presented in Table 1. ---.
.

. / v.

0
Principles used in the present research were selected. in the above.

manner because, this allowed 'the categories' "easy" and "difficult" to be T.

defined operationally in terms Of empirical results rather than on .the

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

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,

abili , and socioeconomic status justified the use in the present

research of results obtained by Klausmeier et al.

c.

1
Actually, the converse of the easiest mathematics principle was used
in the present study. Questions related to the converse were identi-
fied by only 1% fewer subjects (54% vs. 53%). As the converse was
stated in .a form more easily explainable-by short, printed lessons,
it was designated the "easy" p. rintipie.

ti



ft>

(
"1. , ' -

Table 1.

Percentage of,SiXth-Grade Students Correctly .Able
to AnSwer principle-Related Questions for
"EasY" and "Difficult" Principles fiom

Mathematics and Language Artsl

Mathematics - "Easy" Principle

Statement:of Principle: If the threw-angles of a ,triangle are

,

< J
equal in number of degrees, the sides.-
of the triangle are equal in length..

1

-Percentage: 53%

Mathematics - "Difficult" Principle

Statement of Principle: All equilateral-triangles are simij.ar
f in shape.

Percentage: 1:16%

Language Art,s'=-11-EaSy" Principle
_ -;

:...?.--.. -7 . .

1

Statement of Principle: A singular noun names one person, plactr,"--- .
J

1

...

;'-'- *--"-- or thing. A plural noun names more than
\ -- one person, place, or thing.

±..

-`'

Percentage: '38%

i

Larnguage Arts - "Difficult" Principle

Statement-of Principle: A proper noun is capitalized. A'commom
noun is not capitalized.

Percentage: 10%

:Me principles used in the present.study and presentedim Table 1
were-stated in tha....2se way th-at,ilausmeier, et al.,stated them
with two minor exceptions. a) The difficult mathRrIlic:41e did
not include the words "in shape" in the Klausmeier reseiichl_These
words were added so that the sense of the word "similar" would--
'correspond to the mathematical definition of similar presented in . 0

the Subconcept-Training lesson. b) Klausmeier et al. included
within the language arts dilficuLt principle a brief deseriptiOn -

of what a common and proper noun were. In the present res--eardr'--._

definitions of these words were presented in the Subconcept-Training--,
lesson.
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It should be noted that the percentage of.sixtn-gradg,students

.correctly able to answer principle related questions in the Klausmeier
. 0.

et al. study does not range from 100% to 0e.. The rangeris much less

broad, and negatively skewed. This demonstrates that, the majority of
. .

subjects were unfamiliar with these principles. Due to the similarity

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

subjects in the present research were unfamiliar with the principles

as weli:

Treatment Lessons. Two printed, sequential lessons were con-

structed' to teach each principle. The first lesson (Subconcept-

Training) presented the major concepts related in the principle and was

designed to teach these concepts to the formal level using the

procedures outlined by Klausmeier and Feldman (1974). This consisted

of defining each concept at a level appropriate for fifth-grade

students (the definiition was set off in a box at the op of the page),

illustrating each concept with's labeled rational set of examples and

nonexamples, and emphasizing the relevant attributes of each concept by

explaining why the examples were examples and the nonexamples not

examples%

The concepts were not presentein the same ordef as they occurred

in the Prindeple'relating them. Rather, they were presented in a

random sequence unless the sense of a particular concept dictated that

certain other concepts precede or follow it.

At the end of each Subconbept-Training lesson.a page of review

questions dealing with the concepts was presented. These questions

were straightforward and designed to, be easily answered.-: They were

considered' a review of the material and mot.a test. Subjects were
0
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encopraged 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,

shape.

Language Arts - eay ptinciple: Singular, noun, plural.

Language Arts - difficult principle: Noun (proper and common),

capitalized.

In order to prepare the Subconcept - Training lesSons the concepts

themselves were first analyzed. The defining attributks and irrelevant

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

defining attributes was constructed, and a rational set of examples and
A

nonexamplesyas selected according to procedures outlined by Markle and

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

the concept analyses: Elementary 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

Aqernatival Dictionary-(1971).. The fifth-grade texts and children's

-

dictiona*we;e used not only to provide relevant Content but also o

indicate the level bf technicality and completeness that was appro ate

'-for fifth-grade students studying these concepts. At times the defini-

tion of a patticular concept was taken directly from one of these texts.
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At other times the definition was constructed from information presented

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

At no time were the principles relating the concepts presented in

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 sh-ape presented in the leison for the difficult mathematics

principle was first introduced in a general sense and then associated

with the word similar so that the mathematical meaning of "similar"

figures could be explained.

.The four-Subconcept-Training lessons were the same length in terms

of number of pages (12 pages) regardless of the priaciple upOn which

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

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

be as similar as pdssible to the subjects. As some lessons presented'

more concepts than others, the amount of material presented on each page

could not be equated across lessons. The four lessons are presented in

Appendix B.

The second of the two sequential teaching lessons (Principle-
. 0

Training) presented the principle itself. The principle was introduced

in a box'at the.top of the and was followed by either' a

rationally selecOa s-etTof.-..examples and nonexamples-cit`W'Orie example.

At the end of the instructional material the subjects werg directed in

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

1.
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too ,

rder to construct the Principle-Training lessons theour-

s were, first analyzed in a manner similar to the way in which

re analyzed. The principle was stated, and from the statement

elevant and irrelevant " attribtes" was constructed.

Relevant "attribUtes7:we taken to be those aspects of the principle

which we prefent in every correct demonstration, or example, of the

principle. For instance, in the principle "all equilateral triangleg

are similar inlshape," the concept equilateral triangle is a relevant

attribute. Irrelevant "attributes" were taken to,be those aspects of

the principle which either varied from example to example or did not

have'to be present in every example. For instance, the number of

equilateral triangles used to illustrate "all equilateral triangles are

similar -in shape," or the size of the triangles, were considered irrele-

vant attributes.

rationally selected set of examples and nonexamples was.developed for

each principle. ,Enough examples were specified so, that all of the major

irrelevant. attributes of thePrinciple were thoroughly varied. Enough

nonexamples were specified so that each of the relevant attributes of

the principle could be gystematically excluded. Examples and_nonexamplas

- had'imirar irreleyant attribUtes.

The final element of the analysis of each principle consisted of
6

A

.
the gpecificatidn of several problem solving situations involving the

principle. The analyses for each of the four principles alt.presented

in 'Appendix. C.

'All Principle-Training lessons that included a rationally selected

set of examples an dnexamples were five pages long. In those lessons

that included only.one example three pages of placebo material were

5i)
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placebo, were found to be written at a fifth- to sixth-grade level. This

level was consideed appropriaxe for the subject population.

In addition, to insure that all subjects had at least some.
\ .

familiarity with any potentially difficult words in lessons, a"list

42

addedso that all subjects would read treatment lessons of equal length.

To compentate for any possible effects due to the order in which the

placebo material was presented in relation to the priucip

(principle and example followed by placebo material or v ce ver ), half

of these booklets for each principle were prepared with he cebo

e and example

material coming first and half with the placebo material coming last.

The examples, usedlin the booklets which contained ¢nly one illustra-

tion of a principle were taken from the rationally sel cted sets. To

eliminate any effects due to the particular example chosen, several

versions of these lessons were-constructed for each principle and each

version included a different example:

The Principle-Training lessons are presented in Appendix D. Only

the four lessons which contain a rationally selectdd p tt Of examples and

nonexamples,are included.

Readability of Experimental Lessons ,.

(--,
Readability or difficulty of the experimental lessons was Ltermined

using the Dale-Chall formula for predicting readability (Dale & Chall,

1948). All lessons, Subconcept-Training, Principle raining, and

of these words was compiled and included at the beginning of the Subcon-

cept-Training lessons and corresponding placebo, lessOns. This list
/

r
,-

covered ?1 experimental lessons and included wordsridentified as

"unfamiliar" on the basis of the Dale-Chall readability calculations and

on the basi of the pilot.study. These words were reviewed with the.

5 ..i.
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!subjects before any lessons were &ad..

Placebo Lessons

Two printed placebo, les

to the two types of treatme
ft

Training).' The first plac

the definition of the concept

the concept Roman numerals.

4PDependent Measures'''.

43

s were prepared that were equal in length.

lessons (Subconcept-Training and Principle-

lesson dealt with subconcepts included in

ree. The second placebo lesson dealt with

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 testaore included as Appendix E.

4e
'Each of the four tests was sixteen items long and contained

two ty,ies of questions: knowledge

Knowledge questions were items whic

questions and application questions.

ired subjects to recognize both

a statement of the_principle and correct applications or examples of the

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

recognize or recall specific elements presented in the lessons. Appli-

4

cation questions were items which required subjects to actually apply

the principle'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.

IThe principle related items from Klausmeier, 'Sipple, and Allen

.

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

were included as part of the sixteen items oh each dependent measure.

They too were classified in the manner described above as either knowledge

52
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or application items. At le:Ise`one of each type.was based on each

principle.

The four tests were presented in printed booklets similar

4

form to the lesson booklets. Instructions for completing the tests

were included at the beginning of the booklets and were identical for

all principles. Within the instructions were several sample items;lone

corresponding in form to each of the different types of question

formats used on the tests (true -false type items and two multiple-choice

forms). The sample items were included so that subjects would know what

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

Treatment Program

. .

For each of the four principles taught, `six treatment programs, or .

experimental conditions, were defined. Every subject was randomly

assigned to b9th a treatment program and to a principle. Thus, each

subject read materials dealing with only one principle and took the

if dependent measure on that principle alone.

The six treatment programs, which'were identical across principles,

were as follow's:
A.,

ST-RS. Subjects in this treatment read a Subconcept-Training

lesson and a PrinciplezTraining lesson. The Principle-Training lesson

presented a rationally selected set of examples and nonexamples.
4

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

and a Principle-Training lesson. The Principle-Training lesson presented

one example.

ST-0. Subjects in this treatment read a Subconcept-Training lesson

and a placebo lesson. This condition was included to determine whether

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

5

.10
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s
..

.
.

(or instances of it) could accurately deduce the principle fromits

subconcepts.
ti.

.

0 -RS. Subjects in this treatment read a placebo lesson and .

, .

Principle- Training lesson. The Principle Training lesson presented,a-

rationally selected set of examples and Aonexamples and was identical
.

: .to the Principle-Training lesson use in treatment ST -:RS.

0-1. Subjects in this treatment read a placebo lessoh .;:nd%a

Principle-Training lesson. The Principle-Training lesson presented one

example and was identical to the Pri,ncple-Training lesson used in

treatment ST-1.

or 0-0. Subjects in this treatment mead two pla

served as conts61 subjects.

Procedure

bo lesso s. They

Prior toexperimentation
4
half of the lesson booklets four each

treatment program were designated fOr boys and half for girl$,to insure

1 :

that an equal number of each sex were.included in each treatment.

7

Within sex grouping the treatment materials were then put in a.i-tndom
P

order.

perimenrers (the ho and a co-worker) working as a team,

conducted the study. One experimenter (the author) gave directions,
0-
02, 1.

distributed materiels, and answered queStinns. The second dgperiMenter

distributed materials and answered questionvonly. In the mgjoritybf

.cases testing was done in the classroom with the classroom Leacher
-Pc

present.- However, in two instances in whicH fifth- and sixth-gratt

students were ,taught together as one unit, the fifth graders were taken

to a designated testing area so as not to dis b their fellOWs.

:l Z

e.
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. At the start of the teaching-testing session both experimenters
'-

.

. ......

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

explained. Subjects 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 prepackaged in large

'brown envelopes to insure that the proper sequence of lessons aeditest

was received. One experimenter passed out the materials designated

for boys and the other experimenter passed out the materials designated
441W

for girls. As the treatment materials were randomized within sex

group, subjects were thus randomly assigned to an experimental condi--

tion. 41.1

Subjects were initially told.to remove only the two lesson

booklets from their envelopes. Both lesson and test booklets were

color coded to help subjects determine Which booklet they were to be

working on at ariS, particular time.

The'actual expetimentation began with a review of the word list

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

It was explained to the subjects that thdse were difficult words which

they might find in the lessons they were going to read. The experi-

menter reviewed the list by first pronouncing each word and then

asking the subjects to pronounce the word together. Each word on the

list was covered in this manner. This procedure was designed to insure

that subjects could at least pronounce all potentially troublesome words.

After reviewing' the word listr subjects were told to turn the page

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

st booklet they were told to immediately go on to the second.

I

Subjects were allowedto turp back and reread passage's which were un-
.

*

.
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clear to them within the booklet they verefreading; they were not

/
allowed to turn back to the first booklet once they had begun to read

s./

the second. All subjects were_iiven-spifkicient time to read both

,booklets. Most subjects finished reading in about 25 minutes. Sub-
',

jects who completd their leSsone.=before all others were finished
.

were told to sit qwletly airtheir desks and wait.'

/
After all/tubjects had finished reading both lessons, the lessons..

were collected and subjects were instructed to remove the dependent

measure'from their envelopes. The experiminter read the instructions

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

their own booklets. The experimenter also reviewed the three sample

items which were included as part of the instructions. Subjects were

then directed to begin work independently on the rest of the booklet.

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

2 . -

dependent meaSure.

During-the entire experimental session the experimenters answered

questions dealing only with the pronunciation of words and the clarifi-

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

.

and' one hour. All subjects appeared to be EIghly attentive throughout

the experimental session and seemed to work through their materials

con'scientiously. The Instructions to the students are included in:

Appendix F.

Pilot Study

The treatment materials, 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.

.
. )



48

6

The pilot study was also undertaken to yield estimate of the time

required to administer the materials. Subjects were 1 students from

the same Wisconsin community in which the major expeimentation was

carried out.

Ambiguities and other difficulties with'the materials, procedure,

and instructions were noted and used as a basis for revisions. (Due to

I ;

the large number of treatment conditions piloted- "several cases

only one subject receiveda.partidular treatment, no, eaningfur

:/

statistical analysis of the,, subjects' response6 on the various tests

could be done. However, in general subjects,receiving instruction

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

correct) although there did not seem to be afileffeci for instruction

on subconcepts (71% correct for training, 75% correct for no training).

Subjects completed the materials in Approximately 50 minutes. No

differencds in time spent reading 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 achievement score , was also included in

the design. The five factors and the levels within each factor were

as follows:

a) training on subconcepts: training or -no training

b) type of principle: easy or difficult

c) mode of principle presentation: principle statement with

rationally selected set of instances, principle statement

with one example, or no principle statement and no illus

trative instances

d) subject matter: language arts or mathematics



'



4
I.

Chapter IV

RESULTS

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 separately by analysis pf '

covariance. Analyses were 'carried out using the General Linear

Hypothesis (GLH) computer program (Kuhn, 1971). The covariate in .both

cases was subject's reading achievement score on the Metropolitan

Achievement Test. This score was selected as a covariate to reduce

variability due to differences in reading ability.

It was presumed that some dependency between knowledge and appli-

cation items would exist. Logically:it is unreasonable to expect that

a subject would be able to apply a prinCiple correctly without being

able to recogni4e a correct application of that principle (although

Gagne (1970) says that a learner may be able to apply a principle with-

out being able to accurately state the pr'inciple). Therefore, it was

expected that scores an application items would depend upon scoreon

knowledge items. However, posdible relationships between knowledge

and application items were not of concern in the present study and

consequently the two dependent measures were analyzed separately. The

interested reader is referred to Appendix,G wHich presents an analysis

of covariance using difference scores (knowledge - application) as the

data.



The significance level per test adopted in the -present experiment

was .05. Results related ?to the specific hypotheses of the-experiment

tested at this _level, as well as significant results for effects aboa

which predictions were not made; will be reported separately for

--

knowledge and application items. The specific hypotheses tested were

the following:

1) Easy principles would be mastered more fully than difficult

principles. .6,1 yet..
2) Subjects instructed on the separate concepts contained in the

principles would_perform significantly better than subjects

not receiving such instruction.

OF

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

rationally selected set of examples and nonexamples or one

example would perform significantly better than control sub-

jects who did not receive A.-statement of the principle or any

illustrative instances. -

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 instrudtion'on the

concepts or not.

(b) For a simple principle airationally selected set of

instances would be equally effective as.one example if sub-
..

jects had received instruction on the concepts contained in

the principle. If subjects had not received instruction on

the target concepts, a rationally selected set would be more

facilitative than one example.



a.

Knowledge Items

Adjusted means (adjusted for the effect of the covariate),

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.

53

Results of the analysis of covariance are presented in Table 4.

eiNone of the main effects were significant at the specified .05 level.

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 (ja
.

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

6.

The interaction of

by training on concepts
A A 1.

not significant. Means

-interest in the experiment was type o
A
f principle

by mode of presentation. The interaction was
0 . 4

forethis interaction are given in Table 7.

Two interactions for which Apecifie predictions had not been made,

subject matter by type of principle and sex by type of principle by mode.,

te presentation, were found to be significant. Means for the subject

matterby type of principle interaction are presented in Table 8. It is

clear from the means that the difference between easy and difficult

principles for language arts (.024) was much less than the difference

between easy and difficult principles for mathematics,(.779). Addi-

tionally; while the difference was in the predicted direction for

,mathematics (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, however, this reversal of pre-
-.

""
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Table 4.

Univariate Analy0.s of Covariance for Total Test
Scores on KnowledgeItems

Souree. df MS

Sex
Subject Matter
Type (easy-difficult)
Training
Mode of Presentation
Sex x#Subject Matter
_Sex x Type
Sex x Training
Sexx Mode of Presentation
Subject Matter x Type
Subject Matter x Training
Subject Matter x Mode
Type x Training
Type x Mode

° Training x Mode
Sex x Subject Matter x Type

.' Sex x Subject Matter x Training

. Sex x Subject Matter x Mode
"Sex x Type x Training
Sex x Type x Mode
Sex x Training x Mode
Subject'Matter x Type x Training
Subject Matter x Type x Mode
Subject Matter x Training x Mode
Type xl Training x Mode
Regression due to higher order

interactions
Error

1 0.006 0.0039
1 2.477 1.6335

1 5.631 3.7134

ti

1 0.647 0.42 4

2 3.591 2.3 81
1, 2.901 1.9 31
1 1.663 1.0967
1 4.399 2.9009

2 0.436 0.2875
1 6.829 4.5034
1 0.719 0.4743
2 0:350 0.2309
1 1.426 0.9404

2 3.052 2.0127

2 ..276 0.8415
1 .548 0.3614
1 0.295 0.1945
2 2.934 1.9348
1 1.064 0.7017
2 5.777 3.8097
2 0.486 0.3205
1 0.515 0.3396
2 , 2.4L2 1.5906
4,-' 4.329' 2.8550
12 .0-916 0.6040

., 11 1.991 1.3130
.. 110 1.5164

** < .05

*p< .10

**

O



Table 5.

Adjusted Means, Adjusted Variances, and Cell Sizes
for KnoWledge Items '

Main Effects for Sex and Subject Matter

Main Effect for Sex

57

Males' Females

6.668 6.616
(1.704) (1.739)
n=78 n=81

Main Effect ior Subject Matter

Language Arts Mathematics

6.762 6.523
(1.702) (1.714)
n=79 n=80

few

, 6 5
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Table 6.

Adjusted Means, Adjusted Variances, an Cell Sizes

'f or Knowledge Items 4,
Main Effects for Type of Principle, Training,

and Mode of Presentation

Main Effect for Type of Principle

Easy Difficult

6.832
(1.110)

n=79

6.454
(2.256)

n=80

Main Effect for Training

Training No Training

6.736 6.544

(1.487) (1.948)

n=81 ,gP n=78

Main Effect for Mode of Presentation

Set Ofie Example Placebo

a
6.820 6.7358 6.342

(t.396) (1.906) (1.802)

n=57 n=52 n=50



59

Table 7.

It
Adjusted Means, Adjusted Variances, and Cell Sizes

for Type of Principle by Training
by Mode of Presentation Interaction.

Knowledge Items

0

Mode of Presentation ./

,Set ' One &sample Placebo

Training '6:787

(1.193)

,

6.744
(0.858)

6.947
(1.035)

jr-15 n=14 n=12
Easy

Principle
= 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) (1.445)

n=14 - n=14 n=12
Difficult
Principle

NO 6.413' 6.870 5.515 .

Training (1.596) (2.168) (3.175)

n=15 n=12 n=13

r

IM1

67
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Table 8:

Adjusted Means, Adjusted Variancespoand Oell,Sizes for
Subject Matter by Type of Principle Inteeadtidn**

Knowledge Itjms

4

2

, Stibject Matter

Language Arts- Mathematics

I fir

Easy Principle

Difficult Prindiple-

set

6.750 6.911

(1.595) -(0,652)

n=39 n=40

6:774 6.134 '

(1.'850) .549)

n=40 n=40

0

Co.

o

** P < .05

IP

4

4

4

o .

Ay

4

11, ft

0 ,

4

"
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dicted directiori'cannot be considered meaningful.

61

Tablec9 presents the meat s for dhe sex by type of principle by

mode of presentation interaction. Inspection of the means reveals that

the interaction was due impart to the fact that for females performance

was higher on the easy principles than'on the difficult principles while

for maleS performance generally was higher on the difficult principles

than on the easy principles. Differences in the ordering of condition

means within rows resulted in the three-way interaction.

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

as a residual sum of squares. These higher order interactions were'con-

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

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

found to be nonsignificant.

Application Items

Tables 10 and 11 present the adjlasted,means, adjusted variances,

and cell sizes for apPlication'iteMs... Raw score means with variances

and cell sizes are given in Appendix

The analysis of covatiance results are presented in.Table 12.

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

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

-5

effects are presented in Tables 13 and 14.

Inspectionofthemeansfortleffect of subject matter (Table 13)

reveals that performance was higher for mathematics principles than for

language arts principles. This finc4ng is consistent with the statistics

4

for these principles calculated fro the data reported by Klausmeier,

Sipple, and Allen (1974d,b). In that research higher percentages of
A
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Table 9.

Adjusted Means, Adjusted Variances? and Cell Sizes
for Se c by Type of Principle

by Mode of Pre4ntaeion Interaction**

Knowledge Items

r

I

. Mode of Presentation

Set One Example Placebo .

Easy
Principle /

7.155
(0.857)

7.022
i (0.806)

6.509.
(0.977)

n=15 n=13 n=12

Female
Difficult 6.227 6.617 6.107

Principle (1.332) (1.742)
.

(1.730)

n=14 n=14 . 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) (1.394)

n=15 n=12 n=12

** 2. < .05

f

it)
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Table 12.

Univariate Analysis of Covariance for Test
Scores on AppliCation Items

* *

* *

* *

* *

Source 4.* MS F

Sex
Subject.Matter
Type (easy-difficult)
Training
Mode of Presentation
Sex x Subject Matter
Sex x Type
Sex x Training
Sex x Mode of Presentation
Subject Matter x Type

1

1

1

1

2

1

1

1

. 2

1

1.035 0.2901
17.430 4.8860
1.009 0.2828
0.355 0.0995

13.990 3.9217
0.658 0.1844
21.320 5.9765
21.990 6.1643
4.751 1.3318
1.002 0.2809

Subject Matter x Training 1 0.81Z/Q)2291
Subject Matter x Mode 2' 1.829 0:5127
Type .x Training 1 1.821 0.5105
Type x Mode 2 0.446 0.1252's Training x-Mode- 2 3.129 0.8771
Sex x Subject-Matter Type 1 13.360 3.7451
Sex x Subject Matter Training 1 7.037 1.8173,

SeX x Subject Matter x Mode 2 10.790 3.0247 *

Sex x_Type x Training 1 8.492 2.3805
Sex x' Type x Mode 2 14.080 3A470 * *

Sexx Training x Mode 2 6.682 1.8731
Subject Matter x Type x Training 1 1.725 0.4836
Subject Matter x Type x Mode 2 0.017 0.0047
Subject Matter x Training x Mode 2 0.199 0.0557
Type x Training x Mode 2 9.749 2.7329 *

Regression due to higher order
interactions 11 6.918 **

Error 110
.1.9393

3.5673

* *P< .05

*P< .10

73
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Table 13.

Adjusted Means, Adjusted Variances, and CelI.Sizes
for Application Items

Main Effects for Sex and Subject Matter

Main Effect for Sex

Males Females

5.254 5.361

(4.069) - (4.363)

n=78 n=81

ft- Madn Effect for Subject Matter **

. --

Language Arts Mathematics

4.982.

(4.775)

n=79 !

4

5.631

(3.464)
n=80

** 2. <

a

'
4-

-



Table 14.

Adjusted MeAns, Adjusted Variances, And Cell Sizes
for Application Items

Main. Effects'for Type of Principle, Training, ,

and Mode of Presentation

Main Effect, for Type of, Principle

67

Easy' Difficult

5.256
(5.095)

n=79

5.361
(3.354),
n=80

Main Effect for Training

Train No Training

5.302
(4.678)

n=81

5,315
(3.747)

n=78

Main Effects for Mode of Presentation **

',Set One Example Placebo

. 5.760
(3.534)
n=57

5.345 4756
(4.141) (4.626)

n=52 n=50

.05
..

Iv

r
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children were able to answer mathematics principles than were able to

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

principle and a rationally selected set of instances performed better
4

than subjects receiving only a statemen of the principle and one

example, who in turn performed better than control subjects. However;

pairwise comparisons among the means using a Scheffe procedure appro-

priate for analysis of covariance

MS (cj)2 i2

nj (cov)

SSE(cov)

that only the group receiving a

S =
(k-1)(Fa,v v

2
)

E

suggested by,Scheffe (1959), revealeS

rationally selected set with the principle performed significantly

better than control subjects who did not receive a statement of the

principle or any illustrative .instnces (S = .9064, x1 - ;i3'= 1.004).

The difference between the group receiving a statement of the principle

and one example and the control group approached significance (S =

.4345 for z < .10, x2 - R3 = ''589).

Means for the main effecfs,of training on concepts and type of
, 4

principle (Table 14) were not in the predicted direction. However,

these differences were not significant.

The interaction of interest, type of principle by training on

concepts by mode of presentation, was marginally significant (actually,

< .07). Means for this interaction are presented in Tab1e;:15, .

Because this interaction. was of central importance in the study, three

0*
comparisons among the means were carried out to test the specific

-a

hypotheses of interest. The first comparison compared the effect of
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Table 15.

Adjusted Means, Adjusted Variances, and Cell Sizes
for Type of Principle by Training

by Mode of Presentation InteraCtion*

Application Items

Mode of Presentation',

Set One Example Placebo
*

Easy
Principle

Training

No
Train1ing

1

4

5.237
(4.113)

n=15

6.354,
(4.213)

2

.

5

.

5.758
(5.290)

n=14

4.587

(5.071) .

3 4.351
(6.051)
n=12

6
5.089

(5.283)
n=13. n=12 a=13

Training 6.100
8

5.313 9 4.861

(3.552) (3.477) (5.902)
n=14 a=14 n=12

Difficult
Principle

No
10

5.453 11
-*
5.656

12
4.698

Training (2.278) ' (2.817) , (2.352)

n=15 n=12 n=13

$

< .10

0
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0

providing a rationally selected set with the effect of providing one

example for difficult principles collapsed across training (Hypothesis'

4a, T
1

= (x
7 1

+ x'
0
) - (x

8
+ x ). The comp4rison was not significant

(t-= 45747)-
r

The second comparison compared the- effect of providing a ration-
.

ally .selected set with the effect of ptev'iding one example for easy

principles when instruction on'concepts was gi'n (Hypothesis 4b, Y#2 =

- x2) . This comparison was also not s nificant (t =.-.7396).

The final comparison contrasted the effect of providing a ration- .

. .

ally selected set with the effect of,providing one example for easy.

principles when instruction on concepts was given (Hypothesis 4b
(T

3

x
4

- x
5
)

'

This comparison was significant (t = 2.3317, 11.., .05).

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

I p

difference for easy principles, but only when no training on concepts

. was given as had been predicted.

Three other interactions of minor importance were found to be

a

significant. They were sex by training on subconCepts, sex by type of.

principle, and sex by type of principle by mode of presentation.

Means for the sex by training inperaction are presented in Table

16. Inspection of the means reveals that the interaction'was caused

primarily by .the fact that females perfiirmed better without training

thln they did with training, while males performed better with training

than they did without. The difference between the meansfor training.

and no training for females (.612) and the difference between the means

for train in g and no traininvfor males (.613) were almost identical.
r'

r""
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Table 16.

Adjusted Means, Adjusted Variances, and Cell Sizes
for Sex by Tr.aining Interaction**

Application Items

Male Female

5.552 .5.059

Training (4.-327) (5.d14)

'n=40 n=14
)

4.939 5.671

No Training (3.709) (3.612)

. n=38. n=40

** 2. < .05,
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4

Means for the sex by type of principle interactioh are given in

Table 17. It is clear from the means that the interaction was due to

the fact that females performed better on the easy principled than on

the diffi ult principles while males performed better on the difficult

principles than olli,the easy principles. This trend is apparent again

-- .

in the sex
.

by type of principle by mode of presentation interaction

(Table 18). The three-way interaptiop appears to have been caused by

differences in the ordering of the means within rows. In all cases

except male-easy the ordering is set > one example > placebo. In the

case of male-easy it is placebo > i'set > one exapple.

As with the kdowledge items, effects due to,all higher order

interactions were pooled and tested 0 a residual sum of squares to

remove their effect from the error vard.ance. The regression due to

I

the 4-way and 5-way interactions was found to be significant. However,

as the higher order interactions were considered uninterpretable the

cause of the significance was not investigated.

Relationship of the Covariate to the Dependent Measures

Regression analyses for knowledge and application items reveAled

Jr
that the effect of the covariate on the dependent variables was signif-

icant in both cases (knowledge items: F 2_
1,110

17.800, < .01;

application items: F1,110 9.449, p_< .01). Thgfefore, a significant

amount of variance on the dependent measures was removed by covariate

adjustment. The correlation between the covariate and each of the two

dependent measures was: knowledge items .44; application items .33.

Apparently, the higher the subject's score on reading achievement the

better the subject's performance on' both dependent measures.

so 0

7
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T. Table 17.

Adjusted Means, Adjusted Variances, and Cell Sizes
for Sex by Type of Principle Interaction**

Application Items

Sek

Male Female

4.811 5.689

Easy Principle (4.969) (4.958)

n=39 n=40

5.696 5.041

Difficult Principle (2.874) (3.679)

n =39 n=41

* *p< .05

1-

4
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Table 18.

Adjusted Means, Adjusted Variances, acid Cell Sizea
for Sex by Type of Principle

,

byWMode of Presentation Interaction**

Application Items

1

Mode. of Presentation

Set, One Example P1 cebo

Easy 6.582 5.916 4.32

Principle (1.417) (2.234)1

n=15 n=13 nal2 45,

_Female .
.

1..

Difficult 5.039 4.7?(S '
Principle (1.849) (1.851). (2'.159)

t n=14, .4=14 n=13

Easy 4.801 t-- A.520 5.113

Principle (2.356) (2.252) (2.219)

n=13 n=lj, n=13

Male
Difficult 6.183

, '.
).97 5 4.809

Principle (1.493) (1.559) (1.842)

n=15 n=12 g=12
$.

. . ,.- .

** P < .05

a

to

.0

4

a.

o ORS

0

41

I/

fce

4.

:I.
'a
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Psychometric Characteristics of Tests

Hoyt internal consistency reliability estimates (H6jt, 1941) were
ts_

computed for each type of item (knowledge and applicatTbn) on.the four

tests using the FORTAP Test Analysis. Package (Baker, 1969). These

reliabilities and the sample sizes upon which they are based are pre-

sented in Table 19.

The reliability estimates are lower than is desirable. Brown

.(1970) has listed several factors that can contribute to low,reli-

abilities: range of individual differences, test difficultly, and

length of test. Of these, certainly one of the'principal factors con-
e

tributing to low reliabilities in the present study is the teat length.

Each reliability estimate is based upon only eight items. Highreli-

Oilities (.85 and over) generally require tests of at Iost 40 items.

Ah Inspection of subjects' performance on individual items revealed

that qn additional factor contributing to the low reliabilities was 11,

/I
test difficulty. Severat-t,i-the items failed to discriminate properly .

among. subjects. These items apparently wefe so easy that almost all

subjects answered then correctly. Indeed,, for the dependent measure

with the lowest reliability (mathematics - easy - knowledge) half of

the ;items were-answe d correctly by all subjects. Nevertheless, even
40

relatively low relia lity estimates%cat) permit accurate conclusions

concerning group means because reliabilities are based on individuals'

performance which is in general more variable than that of group per-

formance.

'1

WI/

.04
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9

Table 19.

Hoyt Internal Reliability Estimates for Dependent Measures

Dependent Measures Hoyt Reliability Sample Size

Language Arts Easy

Knowledge
Application

Lapguage Arts - Difficult

.65

.78

39

39

Knowledge .67 40

Application .51 40

Mathematics - Easy

Knowledge .23 40

Application .49 40

Mathematic"- Difficult

Knowledge .59 40 '

Application .39 .40

4

Mean Reliability for Easy Principles

.Knowledge .44 a. 79

('N.,2 Application .64 79

Mean Rel ability for Difficult. 4

'Prig ciples

Knowledge .63 80

Application .45 80,

1

4



Chapter V

DISCUSSION AND CONCLUSIONS

This study was designed to investigate the effect of two instruc-

tional variables on the learning of principles. These variables were

instruction on the concepts related in the.principle, and number and

Iff

type of instances used to illustrate the principle. It was predicted,
,

based on previous results, that the effect of these variables would

vary as a'function of the particular combinatiy. ofthe variables

prgsented and the difficulty of the principle being learped. Principles

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.
. .

I ...
--s, ....-..7,-

Knowledge Items
...";" . .

-..; ._,---:.
% -. ... .

. .
.

. .-;

Results obtained On' knowledge items designed to test subjects' '

..
rt

ability to recognize,the statement Of a principle and instances of its

.- ,

correct ,Application were generalltt clf4ppointing. There was no:sig-
,

,

niticant effeck for instruction on,concefts or ,for. number and type of
c

. . ,

- .

instances used to illuSttate the 'principle. Indeed, even subjects

presented with the statement of a principle and,a rationally selected

set of examples and nonexamples performectyno better Athan control sub-
---

jects, The prediCted interaction between type of principle, training,
it

and mode of'presentation'vas also cfmnsignifiant..'

4

9 3

77
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Two interactions based on knowledge item means were found to be

significant. However, these interactions were not of central interest'

and specific hypotheses about them had not been formulated. The first

as a subject matter by type of principle interaction. It was concluded

on ,the basis of this Interaction that after instruction the distinction

between easy 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

interpretation of this three-way interaction is difficult to for late.

It was apparent that females tended to do better on easy principl s than

on difficult principles while males tended to do better on diffi It
o

principles than on easy ptinciples. However, the two-way interaction

betWeen type of principle and sex was not significant so this interpre-,

tm t Ph cannot be considered entirely justifiable.

0

The lack of significance on knowledge item seems to have been flue

m;eiling_effect% The mean score across all conditions was 6642

(83.0%Y, and as mentioned above, there was no significant difference

between treatment and control groups. Perhaps a longer test of more

than eight items or a test of more difficult -items would have Proved 'a

more discriminable'dependent measure. HoWever, because of the high per-

4
formance of control subjects the preferred explanation seems to be that

subjects had some knowledge of the princiRieSiTrior to experimentation.

Application Items

v
Results on application items in'general supported the predictions

-q,

=

-. .

f the study. 'There* was a main effect for mode of presentation with.

.

all means in the predicted.directian. Post-hoc comparisons, however,
s

AO.
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revealed that only the group giver a statement of the principle and a

rationally selected .set differed significantly from the control.

.

Apparently; if the difficultz-o/f,a principle, is not known or` not con-

sidered to be releVant,-a,rationally selcted set of .instances should

be presented when 'te(aching a principle.
°

The interaction of interest between type of principle, training,

and mode of.prSsenta.tJ.ori. was found to be marginally significant for

application items. An exdMinationbi the means-for which'specific

hypotheses had beed Made revealed that for easy principles providing a

rationally' Selected set of instances was digniflpantly more effective.

than one example when subjects received instruction on concepts, but
0

made no difference when SUbjecf.s.did not receive such instruction.

This finding was in-line witli'Efie predicted results. However, no

.

differences were found betweep, a rationally selected set andOne example
,- . -

for difficult principles

An rtant difference in teaching strategy is "suggested by the

significant main effeCt for mode of presentation and the training by

type by mode of presentation intera'ction. This is that withOut instruc -.

tion on the concepts related in a-principle a rationally selected set
, , .

should always be provided; however, with instruction on concepts one,

example alone may be equally effective if the principle to to learned

is quit easy or-simple,

Three other inieractionsforwhich specific hypotheses here not.

°made were also found to b6 significant. All three included sex as ao

factor. The first was a sex by trainkog interaction. It was caused by

the'fact that females perfo4med better without training -on concepts

.4

r
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than they did with training while males performed hettdr with training

thanwithout. Possibly females had more difficulty remembering and

integrating the material presented in the Subconcept-Training lessonr-

than-males did. The importance of the sex by training interaction and'

the factors contributing to the finding are questions to be answered by

. further research.

.

The remaining two interactions were sex by type of principle and.

sex by type of principle by mode of presentation. , In general, the same
.

conclusion can be drawn from these interaatiOns as was drawn°from the

significant sex by type by mode of presentation interaction for knowledge

.

items. Females seemed to better ort,easY printiples than on difficult .

principles while the reverse was trdefor males.' Again, the importance

of this finding is a question for further research.

,
.

General Considerations Al
. -11.-5

The difference between'results on knowledge items'aadapplidation
.

12)

items can 4 explained in at ast two ways. According to Gagng (1970),/
--I

knowledge items as defined her do not serve as tests of attained

principles; only questions = requiring the application of priAciples are

a ,'

true tests of learning. Perhaps it is unrealistic to :expect instruc-
. ,

. .

% . ,, , -.

tional conditions designed to facilitate the application of principles

.
4w '... ',...

%,\

to also facilitate sdbje4st, ability to tecOgnizepyillcipke statements
.

and correct applications. it may be that- ,different rocesses are

. 4 ,.
.

actually involved which requird different kinds of itruational condi- ".
.

' --.,. .

'--tione.

A second explanation-relates c),"the,gefterall high level of
47, .

'performance on knowledge.items. -:As.indicate'd abo e a ceiling effect'"
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could have obliterated any real differenog's between treatments. It is

important to note, however', that even though subjects performed uni-
a

formly on knoyledge items the experimental treatments did result in

differences on applichtion items. It can be concluded from -this that

even when students hhvg.same prior knowledgeof the principles to be

taught inStructionaI-variables can affect their ability to apply the

principles. VP

A surprising finding was, the lack of significant .main effects for

tinstruction on subconcepts. This contradicts the ideas of Gagne (1970),

Ausubel and Robinson (1969), and Klausmeier% Ghatala, andayer (1974).

Possibly subjects were alre.ddy familiar with the concepts, or the

deliberate absence of integrhtion between Subconcept-Training and

Principle-Training lessons rendered the inform vion presented on the

concepts difficult to utilize. Another explanation is suggested by the
.

significant sex by training .interaction on application items.. It may be

that males im general would profit more than females from'prior instruc-

tion'on concepts related in a princge.

One of the minor questions of the study which deserves some dis-

cussion concerns the two types of control groups employed. One control

read Subconcept-Training lessons and then placebp material While the

other control read only placebo material. It was suggested tbat

possibly the control group reading Subconcept-Training lessons would

arrive at the principle inductively and peFform.better on the dependent

measures than the othet control'group. This does not appear to have

occurred.. Although'' there was no significant interaction for training

by mode of presenttation inspection of the control grdup means reveals

.
that. the two groups performed .similarly on knowledge and application

f
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items (knowAdge: control 1 - mean = 6.602, control 2 mean = 6.102;

application: control 1 - mean = 4.606, control 2.- mean = 4.894).
1

A final consideration concerns the way in which"difficult" and

"easy" principles were defined... Results from hot* knowledge items. and

application its lead to the conclusion that the easier pringillAs

- for females were not the easier principles for males. How this relates

to the finding of.a training by type by mode of presentation inter-

action is unclear. The more important point, however, is that the
F

terms "easy" and "difficult" should be operationally defined in terms

of the particular group for which.instruction is intended. In this way'

a.

student knowledge as well as any sex differences could be noted, pre-

cisely for the designated opUlation.° It would be a relatively easy.

A

task fora researcher or teacher to pretest a subsample of e target

population on the principles of intereSt_tb-gain this information.

Suggestions for Further Research

Additional research to clarify the nature and importance of the

significant interactions involving sex has already been suggested. The

5

more-important area for further researchsThoweyer, is the area of

central concern A die present study: the effeeC ofthe kind and the

amount of instruction_ provided on princi p le 'learning. Further research

c5;4 focus on such questiois es whether the effeCtiveness of a ration-

ally selected set of examples and nonexamPles is due to the varietof

the instances or simply to the number of instances, and whether instruc-

tion nn concepts related ii a principle'that is designed inteOefte
,

(-

the concepts witWOne another as they are taught .(pessibliby teaching

the principle and the concepts simultaneously) would be more facilitative

than the type of ijikruction provided in the present study.
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Conclusions

The following major conclusions can be drawn from the results of

the present study:

1. In general, providing a rationally selected set of exampl4

and nonekamples of a principle is more facilitative than pro-

viding one example.

2. For very simple or easy principles a rationally selected set.

of examples and nonexamples is equally as effective as one

example if preinitruction on concepts is given, but isisig-
-

nificantly more effective than one example if no preinstruc-

...

Lion .is given.

3. Even when students are able to identify the statement and

correot applications of a principle instruction involving

training on subconcepts and examples of correct and.,incorrect

appliedtions of'the principle can facilitate the students'

abilitiv.to apply the principle.

41e

V

T.

n

A
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ABSTRACT

The present study investigated the effect of two external Condid

tiona on the learning of principles by children. The external
=

.

,conditions were instruction on the major,concepts related in the

4, principle and the number of teaching examples (correct applications)

and teaching ndnexamples (incorrect applications) of the principle

presented with a statement&of 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

task. One principle fromieach subject matter was designated as- "easy`

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 prepared
.

In

which the instructional variables of interest wefe systematically -

varied. Variations in the type of lessons read by the iutjeets con-

. .

-Istituted the experimental condition's. Mastery of the principles was

determined by, tests 'designed to assess subjects' knowledge of and

ability to 'apply the principles..

In general a rationally selected set of.examples and nonexamples-

was found' to be more facilitative than One example, although it was

concluded thaffor easy principles providing one exaple*was equally,

I

effective aka rationally selected set when instruction on concepts

related in. the principle was also provided. Main effects for instruc-.

tion on concepts related in the principles were ndt found to be

significant;. the conditions associated with this unanticipated result

were discussed.

- .
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Noun

Definition: A word that is the name.of a person, place; or thing.

Relevant attributes: 1. word

2r functions as thp name of
(person, place, or thing

Irrelevnt attribute's: I. 'number of syllablps in word

2.' initial lett6i of ,word"

(S. 'whether capitalized or not)

,Rational Set:
A

4'

Examples,:

Tom,

beauty

India

2. Nonexam les:,

tall

barked

immediately

0

4

thing

z
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.1' 'CIT. Capitalize
.:7 . .i.,'"rt ,. , . 1 a

.
....

-- , . ' '' r . . '

ti

tt

,Def in i tJ on : Wora,t1h4t'
1

means tO write the first letter of a word in
capital letters.

. .. -. '
; _Relevant attiibiltes: . 1. word

93

2. means to write the first letter of a word
in capital letters

:

IALeWilt ettributlg:; L. .the. type of *wokd that is capitalized

- length, part of speech)

rposition 3.n -.a, sentence of the ,capitalized

Word .

Examples:

Before

Him

SilefitlY

NOnexamples:

belOw

4 slowly

I

C1

109.
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:Definition: Noun that names a.particular person, place, or thing.:,
, :
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t.. . ,-

41 ,. -5- :

,

t 4-

55
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- /
,

-Common Noun

Dginition:..Noqn that names more thari.onp person, place, or thing

:relevant att(ributes:, la noun

2. names more than one Berso, .plac'e, or thing ,

,

'irrelevant attributes: irrelevant attributes associated with noun

Rctional set:

/7

5."

1. Examples:

Nonexamples:

e" e

,

111

money

state /

doctor

4

CI

/

/ //-

Presidefit Nikon

Baraboo

Fritos
r

40rift%ly:

a

5.7

4
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Plural
1

. .

:,.

.

Definition: A word that is used to show that onlykone of something is
(

meant. . .

°
A

Relevant attributes: 1. word

2. indicates that more than one of something

is, meant

Irrelevant attributes: 1. what the plural thing (noun) is (i.e.,

person,'place, hing)

2. irrelevant attribu associated with noun

how the plural form is formed

Rational set: 1. Examples:

a

2. Nonexamples:

cats schools

boxes houses

bottles mic

girl

mother

A
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Singular

Definition: 'A word that is used to show that only one of somethibg is

meant..,

Relevant attiibutes: 1..worde,'

2. indicates that.onlr one of sthing is .

meant

Irrelevant attributes: 1. what the singular thing (noun) is (i.e.,
person, place, thing)

2. irrelevant attributes Appciated with noun

Rational set: 1. Examples:

'girl school

box house

bottle . mouse

2.. Nonexamples:

horses



1

0

Q

e

98

. Angle
N *-

-
$.

De inition: The shape Made by two straight lines meeting in a point.

elevant attributes: 1. shape
.

. 2. made by two lines;

3. lines must be straight

4. lines must' meet

Irrelevant attribiutesa 1. size of angle

Rational Set:

2. lengthof lines

3. whether part of(a closalfigure

4. spatial orientation

1. Examples

e

2. Noriexamnles

t.



0

Side

'Definition: Any of the outside lines of a figure.

Relevant attributes: 1:

2:

Irreleyant attributes: 1.

2.

'3.

Aational Set: 4.

outside lines of a figure

(any).

number of sides

type of figure

size of lines (figure)

orientacion

1. Examples:

6

I

2. Nonexample

lid

4

A

99
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Triangle

Definition: A figure with three straight sides. It also has three

angles.
1

Relevant attributes:

Irrelevant attributesf

Rational Set:

I)

1. figure

2. three sides

3. straight sides

4. three angles'

1. size . '

2. spatidl orientation

1. Examples:

2, Vonexam¢les

s

v



Equilateral?

Definition:, A word that means having all sides equal.

Aqui'means eqUial

iatev1.1 means side
.

Relevant attributes: 1.

2.

Irreievant attributes:

2.

3,

Rational ,Set:

.a word

means sides are same length

size of figure '

spatial Orientation

number of sides

)

1. Examples:

2: Nonexamples

117
1
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r

Similar

Definition: A word,that means figures have the same shape although

they may differ in other ways (i.e., size, orientation).

Reldvant attributes: 1. word 14

2. means figures have' s? shape

3. figures.may differ in (Aher ;airs

(distinguishes similar from identical)

Irrelevant attributes:', 1. size of the figures

2. orientation:of the'figures

Rational Set: .

4.,

L.

. . r

-Examples:

4

sr,
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Not\examples

6-

I

ti

103
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a
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Date

Teacher
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WORD LIST

e .
1. capitalize

2. perennial I 4

4. proper

la
5. singular

6. similar

7, common

8. equilateral I

9. plural-

10.- degrees

11. particular

12. angle

107

.

2 2
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This lesson is about three words. You maydlrea 'know something about

these words, or they may be newto you. Your job is to read thi information

about each word carefully and to try to learn its

These are the three words you will read about'in,this lessoptc

-

1.) PLURAL

2.) SINGULAR

3.) NOUN

N

4



It tells you what plural means.

Plo4p1 is a word that, ,is used to show
.

that more than one, of 'something is TOnt.

,
. ; . _

For examprii'dfd asked you to *ite-r.thA plural for of the word cat,'
, ., , -.--,,

., .

you would write th-e_wptd cats. The Work cats means more than one cat.

-.,-.-, - ..- /AY
. ' 1.-'

. / . /
Here is another example. If I asked you; to Wiritethe.tilural form of the

06---:- . _

4- ,, :-

word box, (you
,

woulfi'write the word_boxes. You would know .when I said plural,

.--,---- ,...- --
I meant thae 3;1:W:should write the word that means more than one box.

109

,

:

i 1

the box below.

,

1 ' Ei

1 1
t

..; 7

--",.-

""..., ..:,...0.-.1.;,-,-":
...! ,,-.; - ..-;,!..e ,-',"' :',/,';',,;',

s-"" --,-" --.` "./ C----..-' -"-=---;<. --. 4-"/... 'f; ...":, ',"....y" & . ,,- -I

1 1 k,,,,(:,:. l :

st
.

' 1

\ 1,. E. :41'11

ir IF
.

t Ri

t

4 '4
14.q,

. ;

J

r -

194,

Ea

r

/

t

a.

'-`

,."-
.

\

st-"
- 7.

& '

\%

atoiatl
J'
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.110

He're are some other plural forms of; words. Eash one shows that more

than one of something is meant:

,

bottlei

schools..

houses

mice

t

\

S.

19u

RI
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Now, to help you really understand what plural means, read this page.
,

Suppose I asked you to write ,the plural form of the word mothers. ,Would

you be Able to do it? Not The word mothers is already plural. It already

means more than one mother.

N

Now suppose Isai'd that the plural form of the word girl is 4gIrl.
4

Would

this be true? No! Plural means that more than one is meant. The plural form

of girt is -girls.



Carefully read-the information in 'the box below. It tells you what

singular means.

Singular is .a-,:word.that is used to
.

.show that only one-be 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.

t

So if Iasked you to write the singular form bf the wordmAirls, you would

write girl. And if I asked for the singular form of the word4boxes, you would

write box.

1

p
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1 .

Here are the singular forms of the words on page, 3.'f.gach one shows.
,

that only one of something is.meant;

bottle'

school:

house

mouse

113
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Now, suppose I asked you to write the_singular:form of the word horses and

4110
you wrote the word horses. Would you be aglt? No, yoU would be wrong.

Singular means that only one of something ismeant. The singular form of the

word horses is the word horse.
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NOUN

Now you are going to learn what' the ,word noun means. Read the' information

in the box below

A noun is a,word that is the name of a

person, place, or thing.

The important thing to remember °about a noun is that is names something.

So any name is a noun.

'11

130

A
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yZ .

4'

_ . Look carefully at the nouns below. Each one is the name of something.

TOM , BEAUTY' INDIA

TOM is the name of a person.

BEAUTY is the name of a thing.,

INDIA is the name of a place.

.131

2
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4

ow.lOOk at these words. They are not nouns. Do you know why?

TALL BARKED' IMMEDIATELY

These,words,are not nouns because they do not name a person, place

:

or thing.

,

a

,

48,

6

4.

/
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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 find out

what it is.

1. Draw a circle around all the plural forms of words below.

geese jungles toe

'2. Draw a circle around all the singular forms of words below.

fathers home truck

3. Draw a circle around the nouns below.

countries

PEANUT RUN UNTIL NAIL

I

13o



I I c

Here are the right answers.
N..

a

t

119

,

l., Draw a circle around all plural forks of words below.
. . . .

'.
---,,,

toe

2. Drew a circle around all the singular forms of words below.

fathers

Draw a circle around the nouns below.

i )

RUN UNTIL

A

. .

v.!.1344.

countries
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WORD LIST

1. capitalize 4

'2. perennial:

3. triangle,

4. proper,

5. singular

6. similar

7. common

8. equilateral

9. plural

to

10. degrees

11. particular

12. angle

1

4

$

,

0

41

' 'V °

0 00

1
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4

O

o

ti

122

This lesson ieabout two words. You may already know something about

.these words, or they may be new to you., Your job is to read the inforWation

about each word carefully and to .try to learn it.

4
1

These are the two words you will read about in this lesion:

I

t

1.) NOUN

2.) CAPITALIZED

13'

D



NOUN

;
n ; 4

,

,

Let's begin with the word noun. Read the information in the box below.

It tells you exactly what the word noun means.

;"

r
.123

1,
,

rf

A noun is a word that is the name

of a person, place, or thing.
O

The imp -ant thingto remembef about a noun is that it names something.

So any name is a noun.

5'

136
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.1

Look carefully at these words. They.are all nouns. Each

one is the name of something.

TOM BEAUTY INDIA

TOM is'the name of a person.

BEAUTY is the name of a thing.

INDIA is the name of a place,



. .

Now look at these words. They are not nouns. Do you know why?

S

TALL /BARKED IMMEDIATELY

.

125

These words are.ript hbuis because they do not name a person, place,

or thing.
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There are

common nouns.
, 4

A

thing.

noun is

For example,

two kinds of nouns. There are proper nouns and

a proper noun if it names one

/=;,-'2

patticular person, place, or

your name is a prop'et:noun. It names

there are

you. Here are some

other prbper nouns. They are underlined in the sentences below.
-

names a particular person, place 6i-thing.

My dog,RAGS is happy.

(RAGS is the name for a particular dog.)

I live in PARIS.

(PARIS is the name of a particular place.)

/
Come-here,,JANE.

(JANE is .the name of a particular

141

I

Each one

person.)

1
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'It

A

A noun is a common noun if it can be.used to name more than one

person, place, or thing. For example, the word DOG can be used to name any

dog. It is a common.noun.

Here are some other common nouns. They are underlined in the sentences

below.

'

A

4

A CITY can be dangerous.

.

I am a GIRL.

I will climb the HILL.

14-8
0



. Here are some other

---

MONEY

common nouns. Read each one carefully.
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CAPITALIZE

Now read about the word capitalize in the boxbelow.

4

Capitalize'meqns,to write tile first letter

of a word in capital letters.

4 Look at the word's belOw. Each one is capitalized.

Before

f

Him

Silently

The first letter of each of these words is a capital letter. So these words

are capitalized.



1°

5

131

Now looi at thes- words. The first letter - f-each of these words is not

a capital letter.'

0

0

. .

es words are not°capitalized.

0
below

her

slowly

146
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Now test yourself and see what you have learned. Answer the t stions below.

Ifyou are not sure of an answer, you may turn back to find out w it is.

1. Draw, circle around the nouns below.

PEANUT RUN UNTIL NAIL

2. Draw a circle around the proper nouns below.

TEACHER MISSISSIPPI CATS CAROL

. Draw a circle around the capitalized words..

subjec New Freedom wall Airplane

14



Here are the right answers.

17 Draw a circle around the nouns below.

RUN UNTIL

2. Draw a circle around the proper nouns below.

TEACHER CATS

3. Draw a circle around the capitalized words.

wall Airplanesubject

148

133
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1. capitalize

2. perennial

3. triangle

4., proper

5. singular

6. sImpar

7. common

8. equilateral

9. plutal

10. degrees

11. particular

12. angle

Ar*

°

:8

,o

...

R

',I

135

A.'
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*

This lesson is about three words. You may ali.eady

...F

know something about these words, or they may be new to you.

Your job idlto read the information about each word care-

fully and to try,to learn it.

These are the three words you will read about in this

lesson.

a

1.) ANGLE

2.) SIDE

3.) TRIANGLE

151.

/

4
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ANGLE

-- //
,.....".

137

Let'S J:4gli=i with the word angle. ReSd the information

//
in the bcX'below.

,

If tells you exacely what the word angler

mean":

/
/

An angle is the shape made by

two straight lines meeting in a point.

Now look at the figures below. They show four different

angles..

L-

el--;44

k

The 'arrows are pointing

at the angles.
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4

Now look at these two figures. bey are not angles..,

Do you see why? Read on and find out.

/
f

I
I

Thisii.s not an angle because .the

1.3.114 do not-meet in.a point.

lets

T* is not an angle because the lines

are not straight.
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139

Now look at these figures. You can see that their

sides meet in a pbint to make angles. The arrows are pointing

athe angles. Eachlfigure has a different number of angles.

This figure has three angles.

4 .

This figure has four angles.

This figure has six angles.

154
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*

if

Not all angles are the same size.

0

Some angles are big, like this one.

Some angles are small, like this one
t ,,...----;%-.

The size of an angle is measured in degrees. Big angles

are many degrees. Small angles are only a few deg.tpes.,' Look

at these examples. _,..../

The angle the arrow is pointing

at is 120 degrees. For 120

degrees we can' Write 120°.

.. .

The angle the arrow is winting

so, at is 10 degrees. For 10 degrees

we can write 10°.

1 5 0
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4. SIDE_-

-.s

i

sg

s .

141

The next word you are going to learn about is side.

You probably think you know what side means. But here we want

you to learn a special meaning for the word side. We want you

to learn what the tide of a figure li-.-7:S.ci read 6e:aefinition
-.

in the box below.

.......+SZSILs......3..................,....

Side - any: of the- outside dines of a figUre. 4.

II

...- .

To help you understand what the information in the

box means, look at these figures. The arrows point to their

sides.

..----' ,
-----, Aim.

4-

150
i

. I

It
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,.

Now look at this figure. The arrow is not painting

to a side. It is pointing to a line inside the figure.

Remember, only the outside line's of a figure are its side .el

The arrow is not pointing to a side.

-t

1 5



Sometimes the sides of a figure are the same length.

For example, look at the figures below.

143

The sides of these figures are all

the same length. You may measure

the sides yourself to be sure.

Sometimes the sides of figures are not the same length.

Look at these figures.

150

The sides of these figures are hot

all the same length. Measure

yourself to be sure.
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O

sr,

TRIANGLE

- Now you are going to learn about the word triangle.

Read the definition in the box below. It tells'you,what a

triangle, is.

A triangle is a figure with three straight sides.
.

.

It also hasthree angles.

)
0,7

Now look,at these.examples of triangles.-

4

These triangles are different sizes.

,And they,are all pointed in different

diredtions. But they are all triangles.

They all have three straight sides

and three angles.

c7&
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No to help you really under'svtaA what a triangle is,

look at these figures. They,are not triangles.

0

3

This figure is not a triangle be-

cause it has more than three straight

sides and more than three angles. It

has four straight sides and four angles.,

Now lo ,4-:t -this figure. It As not

a triangle-either. Can you see why?

It hai only two straight sides and

one angle.

'Go
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,

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.

%._

r

1. How many angles does this figure have?

/ \

2. This angle Is degrees.
ti

7

3. How many sides does this figure have?

4. Draw a circle around the triangles below.

.

16i

1

v

v

4. l

f



Here are the right answers.

1. How many angles does this figure have? 2

2. This angle is 70 degrees.

/10

3. Hou many sides does this figure have? 3

4. Draw a circle around the trianglArbelow.

a

147
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-1. 'capitalize

2. perennial

3. triangle

.

4. proper

5.1ingular

6. sfuilar

7. common

8. equilateral

9. plural

10. degrees

11. particular ,

12..angle

WORD UST.
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This lesson is about 'tour words. You may already know something about
1

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.

These are the four words you will read about in this lesson:

**-

1.) SHAPE

2.) SIMILAR

3.) TRIANGLE

4.) EQUILATERAL

0

16 o
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SHAPE
I

1

Let's begin ith the word shape. Read the information
...

in the box below. It tells you exactly what the word shape

means. r

;

Shape' - the way a thing looks

because of its outline.

1.

Now look at the figures Below.

The shape of this fig re is- a butterfly because it looks.

like a butterfly.

.

. .

The shape' of,this fi lire, is long and thin because it looks
, .

long and thin.

c

151

.
,

Thd shape of this figure is round,
,

(or a'circle) brcauSe
'

. '_\'

it looks round.

166

4
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p

1

Remember, it is the
X

outline of a figure that decides
.

..

what shape it is. For example, look at the figure below.
,e.

I -

'1.

J

This figure has several shapes inside it. But the4hape

f

of the,;whole.figure is a-square. Remember, only the outline of

a figure decides what shape it Is

(



153

-SIMILAR

Now read about th&word similar pot- the bbk below.

If things ,ate similat, it means that

they have the same shape. But they

may be different in other ways.

4'
For example, similar figures have the sine shape. But they do not

havealp 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 similar means, look at the

examples below.

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.,

Next look at these figures:

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

similar.
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These figures are similar.
.

Now to help

are not similar.

,Sometimes when two thinks look exactly

alike, like the two figures on the left,

they are also called similar.

pu really understand, look at.these figures. They

h one ,is a different shape.

Next look at these figures. They are not similar either. Each one is

a different shape.

Remember, if things are similar, it means that they have the same shape.

16-.)
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TRIANGLE

Now you are gOing to learn about the word triangle.

Read the definition in the b6x below. It tells you what a

triangle is.

1

A triangle is a figure with three straight sides.

It also has three angles.

Now look at these examples of triangles.

t

These triangles are different sizes.

Arid they are all pointed in different
k

directions. But they are all triangles.

They all have:three straight sides
.

and thre'e angles.
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4

)

Now to help you really understand what a triangle is,

look at'tbese figures. They are not triangles.

e

This figure is not a triangle be

cause it has,more than three straight

sides and more than three angles. It

has four straight sides and four angles.

7i

Now look at this figure. is not

a trianglvither. Can you see why?

It has only two straight sides and

one angle.



EQUILATERAL

Now you are going to learn what the word,

equilateral means. Read the information in the

box below.

Equilateral means having all sides equal.

equi means equal

lateral means side

Ci

Look at these figures. They are all

equilateral because their sides are all the same

length. You may measure the ides yourself

^ to check if you like.

157
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0

A..

Now look at this figures It is not,

equilateral. Its,sides are different lengths.

Measure and $ee for'yourself.



Let's put the word's equilateral And

triangle together. We get equilateral triangle.

Do you-know.what an equilateral; triangle is? .It is
F

4 triangle with three equal sides. Look at the

figures below.

0

4

159

These are all. equilateral triangles.
.

The sides of each triangle are the

same length.

Now look at this triangle. It is not

equilateral. Its sides are not the

same length.
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4

learned. Answer'the questions below. If you are not

Now Best yourself.and see what you have

sure 'of an answer, you may turn back to find what it is.

1.
The shape of this figure'is a

$

2. Draw a cycle around the two figures below that are

similar.

3. Draw a circle around the equilateral triangles below.

1 7
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Here are the right answers.

eb.

161

The shape of this figure is a

star.

2. Drew a circle around the two figures -below that are similar.

.1

3. Draw a circle around, the equilateral triangle below.

170 ''4`lt

0
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p.

Language Arts Easy PrinOple

Statement of principle: A singular noun names ode person, placed on
. thing. A plural noun ,names more than e

person, place, or thing.

Subconcepts:-a . 1.

( 2.

3.

4.

Relevant 'attributes: 1.

b) naes one person, place, ont
'2.

Irrelevant attcribug1i 1.

2.

?
.

.

3.

4.
tt ,

121

noun S. parson,,place,
singular ing .

names 6. P,
one 7. more.t an one

,

a) singular noun., --"'"
. -

a) plu'al noun
ing

b) names more,than one pe n, place'
or thing T.

irrelevant attriutes of noun .

whether person, place, or thineis named -
and irrelevant 4ttributes.associatedftrich
each of those

,

how plural aitnoun is formed
ho W many person's, places, or things are

.

lived by plural noun .44 .

Ratiorially selected set of examples and honexampleg:

1) Examples

'a fan

11.0

.

Washington, D.C.. is a city in the.United States

'
4 '

,Washington, D.C.,'Madison, and New Yonk,are

cities in the,United States.-



p

f

Ifl

ones woman

2) Nonexampkes

three women

1 ' one mice

1

git

1Arf
4k"

Rhine River .

Mississippi Rivet

File River

three river

5

CIO
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Problem solving situations:

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

frolit'of the cOrrect.answer.

a. children, friend, table

h. ball, mice, pencil
c. day, shoe, geese
d. glass,'coat, committee
e. I don't know.

2) Look at the list of words below. some of them are
plural nouns. Some7of them are singular nouns.
Draw a circle around all of the plural nouns.

class

calves 410

men

bed

1.



a

4
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Language Arts - Difficult Principle

Statement of principle: A proper noun is capitalized. A common noun
is not capitalized.

Subconcepts: 1. noun
2. proper noun
3. capitalized

. 4. common noun
:1

167

Relevalit attributeS: 1. a) proper noun
b) capitalized .

2. a) common noun
b) not capitalized

l

--1

Irrelevant attributes: 1. irrelevant attributes of noun

2. whethbr person, 0ace, or thing is named
and irrelevant attributes associated with

each of.those
pbsition of noun in sehtence

4.. whether.noun is. singular or plural

a

Rationally selected set of examples and ropekamples:

1) Examples: That Airl:is named Kathy:
The largest states are Alaska and Texas14'
The smallest planet, Mars, looks red.

. 2) Nonexamples: I have three DogL
I Ave in-madison, the state capitol.

Problem solving situations:

. 1) In which group of words should el.-reiMbta be cap±filzed?
Circle.the ietter;in front of tihe1:00.rect answer.

a. monkey, dog,-nevada
b. mo/her, father, hope
c. africa, lakry,miltaaukee

fire, war,. peace

I don't know.

2) Look 'at the list of.,consense words beloO. Pretend that
they are nouns. ,Sorgare common nouns. Some are proper
nouns. Draw a circle around all of the common noun's.

dax

Tas

Boz
4
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1

Mathematics - Easy Principle

Statement of principle:

Subconcepts:

Relevant attributers:

Irrelevant 'attributes:

If the three angles of a triangle are equal
in number of 4egrees, the sides of the tri-
angle are equal in length.

1. angles (three)
2. triangle
3. equal angles
4. number of degrees (of an angle)
5. sides
6. ,equal length sides

1. three equal angles
2. three sides of equal length

1. irrelevant
triangle-

2: the way the sides of the angle
mined

3. the way the length of the sires is

measured

attributes of equi4teral

s is deter-

Rationally selected set of examples and nonexamplea;

1) Examples

angle 'a = ante b = angle, c

2) Nonexamples

A

.,

*I*
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Problem solving situations:

/

1 inch ,

°

I

Angles, X, Y, and Z have exactly the same

,number of degrees. Suppose that side

is 2 inches long: How long is side x?

Cii-clo'tile letter in front of the correct

answer.

a. 1 inch

b. 2 inches'

c. ,3 inches

169

d% Itis impossible to tell without measuring.

e. I don't know.

4 -

4

-- Look at the triangle on the left. HOw

long is side y?1.

Circte the letter in frbnt of the correct -

answer.

a. 1 inch

'b. 2 inches

c, it is impossible to tell without

measuring.

d. I don't know.

4
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Mathematics -.Difficult Principle

Statement of principle: All equilateral triangles are similar, in shape.'

Subdoncepts: 1. all

2. triangles

3. equilateral triangles

4. similgr in shape

Relevant attributes: 1. (ill) equilateral triangles

2. similar in shape

%os,
,z;

Irrelevantattributes: 1. irrelevant attributes of equilateral

triangles

2. spatial orientation of similar equilateral

triangles.'

3. sizespfsimilar.equilateral triangles.

4'. number:Of similar equilateral triangles in

an array

Rationally selected set of examplesand nonexamples:

1) Examples

a

a

)

4

O



2) Nonexabliples

.4

Pioblem solving situations:

1)

Look carefully at these figures. Are they similar in shape?

Circle the letter in frdilt <it'd-to correct answer.

4

_

a. It is impossible to tell without measuring.

ti

b. No, only _some of them are 'similar in shape:

c. Yes, they are all simithr ip shape.

d. No, they are all different.sides.
4

,e. L don't know.

ff
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2)

I

o

A

2 inches

(

.d-

One side this equilateral

triangle is 2 inches long.

Suppose that theroWas a second

tri4angle that was s nilar to this

one. How long would one side of

the similar triangle be?

Circle the letter in .front of

the correct answer.

a. .1 inch

b. 2 inches

.c. 3 inche

d. It is impossible to tell

without measuring

e. IM'on't.know.

1 ';
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Nowlyou are going to learn an important fact about nouns. Here it is':

a

A :Angular noun names one percale, place,

or thing. A plural noun names more than

one person, place, or thi g.

4
Read the fact in the box once more. Now

a fan

2.

k at the figures below.

two, fans

The word fan is a singular noun. The word fans is, a plUral noun.

It names only one thing, the 4 It names more than one thing. It

drawing above. names*both bf the drawings abov

4

0.
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Now look at these examples.

Washington, D.C. is a city in the United States

.In the sentence Above the word city is a singular noun. It names only one

place, Washington, D.C.

Washingtod, D.C., Madison, and New York are

cities in the United States.

In this sentence,,pieword cities is a plural noun. It names three places,

Washington; D.C.,' Madison; and New York.

o.

s

1 I

$

47-' A

11.121111=,
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one woman

Aw
J!L

three women

Finally, kook at these figures.

Th,e word woman is a singular noun. It names, only one

thing, the figureon theieft.

4

0

The word women is a plural noun. It names more than

one thing. It names all three figures on the left.

4

S

AM

191: :

4

e
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Now to* help yeu,realiy-undbrstand,the fact on page 1 ('turn, back and read

it again if you can't 4;ember what it is), read the information be

a CZ:tz,

0dt

a

4

0

0

;1. I 71

Is this a mice?. No! is a mouse. ide is,a plural nowt.

It ghould not be used to n

t

It. (

a

on nimal .bove.

41t

I

4

4, 0a

,11,)
4-

Rhine Rivet.°
As

MisAssippi River
a '

.Nile River
I

.5,

V ;

-ire these things- together called a'river? No,; ,they are
',

/
.a

k 4
. .

rivets.` There are three of them. T y be namedsby a
.

plu a3,

Ri;ter Ls a singular noun.

°. f t

.7

Rivers is a plural noun,-

vr

o
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Go back and read, the fact in the box on p4ge 1 again. Then read this

le'sgon again carefully. Make sure cu understand what the faCt on page1

means.

S.

N.

t $,. es, Ne1,

e;7'''
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Now you are going fo learn an important fact about nouns: Here it is:

A proper noun is capitalized.

A comm

*s.

181

7 ..K

noun,is not capitalized.

Read the fact in the box once Now look at the sentence blow.

It contains'one proper noun and one common noun. The proper noun is

capitalized. It is the word Kathy. The common noun is not capitalized.

It is the word girl.

That girl is named Kathy.
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a

Next look carefully at this sentence.

4

se

The largest sta es are Alaska and Texas.

This, sentence contains two proper-nouns and one common noun.

Theiproper nouns are capitalized. They are the words Alaska

and Texas./- The common noun'is not capitalized. It is the

word

r

e

4,--

190

7,

f



Finally, loop at this sentence. It has one proper noun

and one caution noun. The proper noun is the word Mars,

and it is capitalized. The common noun is the word planet, and

it is not capitalized.

.The smallest planet, Mars, .looks red.

183
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Now to really help you
understaild the. fact on page 1 (turn

hack and read it again"if you can't remember what it is)V iook at

these 'sentences.

'

4
I have 'hree Dogs.

Ipp

Can you see what is wrong with this sentence? The common noun is

Capitalized. It is the word.4ogs. It should not be capitalized.

I live in madison, the state capitOl.

Can you see what is wrong with this sentence? The proper noun

is not capitalized. It is the word Madison. It should be capitalized.

190

At
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'Go back,and read the fact in, the box on page 1 again. Then

read this lesson again carefully. Make sure you understand what

the fact on page 1 means.

4'

I

0

ti
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NoWyou,are going to learn an important fact about triangles.

Mere it is(

If the three angles of, a triangle are
.

equal in number of degrees, the

g; sides of the triangle.are equal in

length.
t

Read the fact in the box once more. Now lodk at the triangle

belpw.

.

,

The angles of ti(fs triangle,labgled x, y, and z
4

are all
/

e qual in number of degrees.' So the sides of, the triangle are

equal in length. If.ydu like you_may measure the sides of Ow

triangle yourself to check that they are all the same length.

Yaa 4,

20 1

187
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OP
Nextlook'carefully at thig triangle. The angles of this

triangle are also equal. They are all 60°.

Because the angles of this triangle are equal. in number Of degrees,

the sides are equal in ldngth. Check if you like.

.4:
r

4

r), ;

A

7
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Finally, look at thi's triangle. . Its angles are also lequal

in number of degrees,.so its sides are equal in lepgthe--

:

I-

200'

angle a = angle b = angle c

ti

6

1

189
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Now to really help you understand the fact on page,1 (turn

tack and reed it again if you can't remember what it is), look at a

these two triangles.

k

\

Lb

All of the angles of 'this triangle

are different sizes. So the sides

of the triangle are not equal in

length. Measur4 see for your-

self.

Now look at this triangle. 'Angle a

is equaiAvlize to angle b.. But

angle d is not equal to angle a and

angle b. So the sides of the

triangle are not all equal in length.

Measure and see for yourself/.
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Go back and read the fact' in the box on page. 1 gAirt. Then

read this lesson again careful4-. Make sure Ybu t.inderstand what:

the fact on page:1 means.

11

-
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. A ;.

I

1

s
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Now you are Epping to learn/an, iMpoiiant ,*f act 'ab#Ut equiilae'ral.

1 .:1.1 i , , .
, .'

....
',.

fly,/ I j,

/ ; a 4

triangles. Here, it is:. ,

1

/

All equilate
,
triangles .are -ss*iler

7.in shape.. /
/

:

Read the act .in the box once more. Nqii'Zlock-at ,the. 'equilateral
- .,">;',/,

,triangles below.
a.

..
to i:..i. -.1It -is--,,y _, s e frat t e?,e\.eq

: r. I

.stiaPe. i ,;... ;.i ?. I ..

: 'e , ... I
.. , . ,

4. !
t

A

4
5

i, . =i, . f
. / 1.

i

\\,
ateral triangles are' similar in

,- \,',..3.,.. \

-.- \.\,. ,, .
rg- - '\,:\c,, \

1 .4.-2.. s".,...s.,
\ ..,
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4 N \

P.. .. 1,\ N.

S
'1..,

4

t t \
{-

-.3' 1:
AI 71,

r...,-i...= Iz -, .c, ,I.k, 1,

. , .

.',..,--...T .4 h s; 1

: ''{ 'Ls? -11-,4,` ' ' i./
;,/,'.', t ,i'ii", f ''',,' , tIt.

.4:- 1"'.7 '' ' i 1: I- , ti.i4.

...-!'".- ':' `-, - : ,- 1..,1 -
tl' '1%4' 4.).'

-;:1!;..,!' li
' f''.111. ;:!

4.-r.

..')t

..a.c: )4! ':1 :1
4 -:%411! .I.

t.

,

' 4,!. '
.

\

1



'194

Look carefully at these/eqUilateral/triangleail,They are also:.

/

/ .
/

'"
;,,/ . ".

I ,

similar to shape.-" / J4 N
,

'/ /7

/
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4 Next look at thes,e equilateral triangles..

These equilateral triangles are similar in shape too.

....
4

20 zj

A

111.-
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I

0

.;

NOW tohelp you 'really understand the'faCit on page 1 (turn

bActc -and d it, again if you on't -remember what it is), look at

'these figures. A

O
ti

The figure on the left is'an equilateral triangle . The figures

on the right are not equilateral ,triangles. It IS easy to see

that the figures on the right:'-and the equilateral triangle on the

left are not similar in shapL-

A

,

..C.

4,
Cr.

'

7

. .

.

2 3 u
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Co'back and read the fact in the box on page 1 again. Then

read this lesson again careful Make sure you understand what

the.fac on page 1 means.

6

211
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In this bdoklet you will'be asked to'answer.some questions.

2(11

Sometimes you will be asked to circlethe correct answer to a question.

Sometimes you.will be asked to circle a letter in front of the correct.

. 7

'answer. Here are some examples.

Example A

Look at the sentence below. If the sentdhceis correct;ecircle

the word YES_ If the.sentence is not correct, circle the wotd NO..

All boy6 are also girls.

The sentence is not correct so'.the ward NO is,'-circled.

Example B

'.'ES

).

How many minutes are there in one hour? . Circle the lefeer in front

of the correct answer. 'Z

a. 10 minutes

060,minutes

c. 9P minutes

d. 120 minutes

I- don' t know

The correct answer is 60 minutes's° the letter "b"

36

is circled.

L

O
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Eharnple C ."

. a

9

Look at the drawings below. Draw a circle a ound the ones

tat are pictures -of, living things,

GIS

The moose and`the bird Pare alive so they are circled.

24

2 1. .4.3)
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General Instructions:. Read each.question carefully. Then, choose

the best answer. Make sure you answer every question.' Do, not

skip questions. When you have finished one page,,go on to the next.

Do not turn back to pages you have finished. If you have any ques-

tions, raise your hand.

(

21b

Ltk

o

S

203
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Directionp: Look at,the sentences below. 'If th,sentence is correct,

circle the word YES. If the sentence is not correct, circle the

word NO.

1. The word friends is a plural noun. YEg NO

2. The word'triangle is'a plural noun.

3. The word mass is a plural noun.

YES NO

YES NO

4. The word oxen is a plural noun. YES NO

Ns.

1

ti

"'a



6. )he word ladies is'a plural noun.
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See the sentence below with the two' words ain4erlined .

"That school has many windows."

In the sentence above,,the word school

(Circle the lettervin front of the correct answer.)

namesnames one person, place, or thing

b. names many persopt, places, or things

c. names a particular action

d. names many pareicular 'actions
e

e. I don't know.

'0

"
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See the sentence below with the two words underlined.

"That school has many windows."

In the sentence above, the word windows

(Circle the letter in front of the correct answer.)

a. names a particular action

names many particular actions,

c. names one person-, place, or thing

d. names many persons, places, or things

e. I don't know.

220

207
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,, ..- In which ,grotrp, bf- words should: an s or an es be added to each wordi
,,..

r ,
__,

. -, ...-
I , .

to make it plural?1 '61.r-.1e the letter in front of.the correct answer.

.,' .
-. ,..,-;." a. busheNsi.: fly, enemies

./.:,,...

1 ;
- ....

: :, b. knife; _loaves*, xadios ...-
)

.",' .i , .;

-.--,
-,- c. boi,'1,00k, dre'sls

d. .monkys, pianos. shelf
1 4

-...,:

-1,-7 >,`e. I don't know.
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In which group of words should an s or an es be added to each word
---

`

.to thakeqt plural? Circle the letter in front of the correct answer.

a. children, friend, table

b. ball, mice, pencil

c. day, shoe, geese

d. glass, coat, committee-

e. I don't know.

ff
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Look at the list of words below. Some of them are plurals nouns.

Some of them are singular nouns. Draw a circle around all of the

plural nouns.

4

class'

,calves

men

bed

91 )



k

lifook at the list ofwords below. Some of them are plural nouns.

Some them are singular nouns. Draw a circle around All of the

plur41 nouns.

, teeth

gas /

chief

potatoeS,'

4



Complete the following sentence using One of theaniwers

"A plural noun names ." . ,

Circle the letter in front of the correct answer.

a. one persox\, place, or hing

b. more thah one person, lace, or thing

c. one action

. d: more than one action

e. I don't know.
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Complete the following sentence using one of the answers below.

<I

"A singular noun names

Circle the letter in front of the correct answer.

I

-I.

a. one person, place, or thing

b. more than one person, place, or thing

c. one action

d. more than one action
i

e. I don't know

t

0 '

t'
t
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In this booklet you will be asked to..answei some questions.

Sometimes you will be asked to cirde the correct answer. 63-a question.

Sometimes you will be asked to circle a letter ii front of the corrpct

answer. Here are some eAaruples.

Example A

Look at the sentence below. If the sentence is correct, circle

the word YES. If the sentence is notcorrect, circle the word NO.

o

All boys are also girls.
0

YES.

The sentence is not correct so the word NO is-circled.

Example B

How many minutes are there in one hour?, Circle the letter in front

of the correct answer.

a. 10 minutes

060 minutes

c. 90.minutes

d. 120_minutes

e. I don't know

-.1

The correct answer is 60 minutes so the lettet "b" is Circled.

22

5

0
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Example C

Look at the drawings below. Draw a circle around the ones

1-2)

that are pictures of livdng things.

The moose and the bird are alive so they are circled.

r



General Instructions: Read each question carefully. Then choose,

Make sure you answer every question. Do-not

When yoii have finished one page; go on to the next.

the best answer.

skip questions.

Do not turn back

tions, raise your

to pages you have finished. If you have any ques7

hand.

2 %

I

217
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.Directions: Look at the, sentences below. Each sentence contains two

nouns, a ycomraon noun and a proper noun. One of thanouns is capitalized.

If the correct noun is capitalized,'circle the word YES. If the correct

nounjs not capitalized, circle the word NO. lo help you, both nouns are

underlined.

1. His friends liked Tom very much. YES NO

2. The cardinals lost the Game. YES NO

$

3. My BOys visited disneyland. YES NO

4. Next Wednesdays'is my birthday. YES NO

ft

g31

4-*
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5. Up GA the Hill sat mary.

6. Al S must learn French.

t'

ra.

234

1 Sr

YES -744NO

NO
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.

See the sentence below with the two words underlined.

"The cars were driven to7Chicago."

In the/'entence above, the Word cars

(Circle the letter in front of the' correct answer.)

a. names a particular thing
;*%T.-,

-b. names many things

c. names a paiticular action

h

d. names many actions

e. I don't know.

-

2

Si
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See the sentence below with the two words underlined.

The cars were driven'to Chicago."

In the sentence above, the word Chicago

(Circle the letter in front of the correct answer.)

a. names a particular place

b. names many places

c. names a particular action

d. names many actions

e. 4116I don't know.

S.

2:34

r

221.
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Which grE4p of words should every word be capitalized?
-";

- Circle the letter in front of the correct answer.
t--

Nig

a. desks, churches, roads

b. noun, verb, tdiective

c. car, book, house

d. j;Shn, denver, lake erie
-

don't know.

23
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In which groupof words should every word bescapitalized?

Circle the fetter in front of the correct answer.

T a. monkey, dog, nevada-

'b. mother, father, hope

c. africa, larry, milwaukee

d. fire, war", peace

e. I don't know.

2

r

11.

t.

c
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Look at the list of nonesense words below. Pretend that they are nouns.

Some are common nouns. Some areproper nouns. Draw a circle around all

of the common nouns.

1

dax

Tas

Boz

guk

a

4

t
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, 4. ,"

Look at the list o.CtOmesense watde,,,below. Pretend that they are nouns.

4 c

-,,,Same are common nouns.. se* ate proper nouns. Draw a circle around all

the tommonnouns:,-

Win

tum

Poc

6
6

2

4
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Complete the- following sentence using one of the answers below.
' '.- -...,..... ,

. "A proper notthlii.'

Circl/e the letter in front ,of the correct answer.

41

a. a noun.that .mearwmore than one

b. not capitalized

c

d. the subiict of a sentence

e. I don't know.

23.)
a

.

4

.4



Complete the following sentence using one of the answers below.

"A common noun is

Circle the letter in front-of the correct answer.

4.

a. a noun that names more than one

b. not capitalized

c. capitalized

d. the subject of a sentence

0

I don't know.

24'

'I
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Ih this booklet you will be asked to answer some questions.

Sometimes yoq will be asked to circle the correct answer to a questioh.

Sometimes you will be asked to circle a letter in front of the correct.

answer. Here are some examples.

Example A

Look at the sentencebelow. If the sentence is corte, circle

O

.1

the word YES. If the sentence is not correct,-circle the word"NO.

All boys are also girls. 9 YES

The sentence-is not correct so the word NO is circled.-

Example B

How many minutes are there in one hour? Circle the letter in front.
4

of the correct' answer.

a. 10 minutes

(2)60 minutes

c. 90 mindtes

d. 120 minutes .

e. I don't know
y -

tT6i-h-ofrect answer is 60minutes so the lettgr is circled.

242

r

(t.

o.

t

t
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Example C

Look at the drawings below. Draw a circle around the ones

that are pictures of living things.'

;V'.1

A

The moose'and .the bird are alive.so they are circled.

6

24 k)
r

1
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General Instruttibns: Read each question carefully. Then choose

the best answer. Make sure you answer every queStion. Do not

skip questions. When you have fini6hed one page, go on to the next'.

Do not turn back to pages you have finished. you have any ques-
f

tions, raise your hand.

4

244
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4rr,
Directions: Look at the sentences and figures below. If the sentence

is correct, circle the word YES. lf the sentence is not correct,

/

circle the word NO !Jae only the irbrmation given. You y

not measure the figures.

1.

angle a = angle b

4.

;

angle a = angle b = ankle c

The sides of this triangle tare

equal in-length. YES ,NO

The sides of this triangle are

equal in length. YES NO

The sides of this triangle are

equal in length. YES NO

The sides of thii triangle are

equal 111 length. YES , NO



4

6.

r-41.

1

233

The sides of this triangle are

equal in length. , YES NO

sr

The sides of this tri ngle are

equal in rength. YES NO

0

4 24o
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46,

Angles X, Y, and Z have exactly the same

number,of degrees. Suppose that side

is 2 inches long. How long is side x?

Cirtle',the letter in front of the correct

9

answer.

a.' 1 inch

b. 2 inches

c. 3 inches

d. It is impossible to tell without measuring.

e. I don't -know.

tN

air Att

24 1

1
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Anglei; X, Y, and Z each have exEictly the

same number of degrees. Therefore, side x

is side x.

Circle the letter in front of the correct

answer.

//

ay. longer than

b. shorter tha

c. equal to

d. It is impo;sibli to tell without measuring.

e. I don't know

240
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ar.

The sides of this triangle are equal

in length. What size are angles b and

c?

Circle the letter in front of the correct

answer.

a.. Angle b is 60° but angle c is smaller.

b. Angle c is 60° but angle b is smaller.

! c. Angle b and angle c are both 60°.

\
It is impossible to tell.

_e. I don't know.



a

a

v2i7

sot

Look at the triangle on the left. How

long is side y?

Circle the letter

answer.

a.. 1 inch

b. 2 inches

q1......--

in fr nt o f the correct
ik

OP

c. it is impossible to.tel-1 without

measuring.

d. I don't know.
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Look at the figures belOw.. Some have three sided that are equal

in length. Some do not have three,sides that are d4aal dm length.

Draw a circle around all of the figures with three sides that ate equal

1 'in length. Use only the information given. You mays not measure.

1

angle a =.angle'b =



a

239.

c

Look at the figures below. Some have three 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 are

equal in length. Use only the information given. You may not measure.

angle a = angle b

- a.= angle b

L.

"angle a = angle c
angle b = angle d

angle a A-- angle b

angle b = angle c -

254-

it

S
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a.

....414ete the folloKing sentence using one Of the answers below.

"If , the sides of the triangle

are equal in length."

Circle the answer in front of the correct answer.,

4

a. the base of a triangle is equal to its height.

two angles of a triangle are equal 41 number of degrees.

c. the sum of the lengths of the sides of a triangle is

an even number.

d.t the three angles of a.trianglvare equal in number of degredb.

e. I don't know.
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Complete the following sentence using one of the answers below.

40
"If the angles of a triangle are equal in the numberof/degrees,

Circle the letter in front of the correct answer.

a. one side of the triangle is longer than the other two sides

b. one side of thetriangle_is shorter than the other two sides

c.- the sides of the triangle are not equal in length

d.0 pie sides of the triangle ars of equal length

e. I don't know.

0.

41,

254
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In this booklet you will be askeltto answer some questions.

,

Sometimes you will be asked to circle the correct answer to_a question.

Sometimes' you Kill-t.be'asked to circle a letter in front of the correct

answer. Here ,are some examples.
2

Example A

Look at the sentence below. If the sentence is correct, circle
\ '

the word YES. If the sentence is not correct, circle the word NO.

V
All boys are also girl. \ 'YES

The sentence is not correct so the-word NO is circled.

0

-,Example B ..

ocylany minutes are there in one hour? Circle the letter in front

of the correct answer.

a. 10 minutes

060 minutes

c. 90 minutes

d. 120 minutes

e, I don 't. know

The correct answer is 60 minutes so the letter'"h" is, circled.



Z44

Uample C

Look at the drawings below. DraNia circle around the ones

that are pictures of living things.

The moose and the bird are alive so they are circled.

2
')

rr

`:
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GeneKal Instructions: Read each question carefully. Then choose

245

the best angspr. Make sure you answer every question. Do not

skip,questions. When you have finished one page, go on to the next.

Do ot turn back to pfages you have finished. If you have any ques

tion, raise your hafid.

I
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I
lArections:' Look at the sentences and figures below. If the sentence

At

is correct, circle the word YES. If the sentence is not correct, .

'circle, the word NO. Use 'only the information given.

4

1.

2.

isnsoles
triangle

4.

t

equilateral
triangle .0,

equilateral
triangle

de

equilateral
triangle

equilateral
triaftgle

These equilateral triangles

are similar in shape. YES NO

.

These equilateral triangles

are similar in shape. YES

These equilateral triangles

are similar in shape.

scalene
triangle

25J

0

These equilateral triangles

YES NO

are similar in shape: YES NO

le

.

NI



5. All of the ,equilateral triangles below that are similar in

°shape are circled.

247

YES NO

6. All of the equilateral triangles below that are similar in

shape are circled.

tr,

26llQ

os

YES NO

.
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I
One side of this equilateral

triangle is 2 inches lopg.

Suppose that there was a second

triangle that was similar to this

one. How longwould one side of

the similar triangle be?

Circle the letter in front of

.the correct answer.

a, 1 inch

b. 2 inches

c. .3 inches

d. It is impossible to tell

without measuring

e. I don't know.

4:4

2 6

.
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Loolocarefully at these figures. Are they similar in shape?
; .

Circle the letter in front of the correct answer.

4

A -

249

a. It is impossible to tell. without measuring.

b. No, only some of them are similar in shape.

c. Yes, t-1,-57 are all similar in shape.

d. No, they are all different sizes.

e, I don't know.

0

S
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The figure below on the left is an equilateral triangle..

Suppose you could blow up the small figures on the right so/that, I

they were exactly the same size as the figure on the left. Which

figure on the right would then look exactly like the equilateial

triangle on the left?

Circle the correct answer.'

equilateral
triangle

(.3

1.

N
2.

a. figure''1

b.. figu0=2';*.-

figurer.5

d. figure 4

e. I don't know.

$

9r,

4.^

a



This is an equilateral triangle

Suppose that the triangle was

made larger by increasing the

length of each side by 1 inch.

1

The shape of tie new triangle

would be , the

drawing on the left.

251

4110$

Circle the letter in front of the

correct answer.

a. similar to

b. different from

c. ,almost the same as

d. I don't know.

264



Look at the figures below.' Draw a circle around the ones that are

similar in shape.

9

260
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Look at the figures below. Draw a circle around the ones that are

similar in shape.
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Which of the figures below are similar in shape?

theletter4in front of the correct answer.

a.

t. -

b.

quadrilaterals

triangles

ye

Circle

d.

polygons

e. I don't know.

26

equilateral
triangles

4

_re
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,

Complete the following sentence using one of the answer below. '--/---N

"All equilateral triangleS are

Circle the letterin front of the correct answers-

a. not identical

b. congruent

. c. similar in shape

d. the same

e. I don't know.

4

)

A

s

.z,

. ,

.

\
a

4

2 6 ''.5

14
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--Instruclions to Students

Hi.

My name is and this is . We are working

with some people at the University of Wisconsin in Madison who ar

interested in finding better ways to help children learn. Today you

will bt able to help us by reading two lessons and 'then answering some

queitions. Now, thefe is no reason to be.worriedabout what-you will

be doing; you are not going to be graded; the information Is just for

us. But please,do your best, and you will help *learn how to make

learning easier 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 difffer-

,

.ent kinds of lessons, It may even seem that yon are reading different

kind/
of lessons from everyone else., Bu don',t worry about 1..,t because

this is the way it''s supposed to be. ase don't open,your envelope
.

$
until I tell you to.

[Pass out envelopes.]

O.K. Open your envelopes and take out the bOoklets inside. Don't

,open your booklets until 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 pdt*it oh the floor until later.
a.

Now take the blue booklet and put it in fron of you. Push the

;--.green booklet to one side. Now fill in the cove of the blue booklet.

Write or prin4 yw name(first and last), the date, your teacher's

name, the school, and your grade. Then circle whether you are a girl

or a boy. I'll write the date and did name of your teacher and school

on the board. [Write date, teacher's.name, and school on board.] rf
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Now turn CO the first page where it says word list. These are

same of.the words which you may find in your lessons. -Because some of

them may be new to you,lriset's take just a minute to go over them. You

read aloU'O'Jlth me as I pronounce each word. [Read each word with

kids.] There may be otherwords in your booklets which look new to
4

you., If you don't know a word, raise your heti(' and we will help you.

Now you are just about ready to Begin, but before you'd°, please

listen carefully. Read each-page in the first booklet carefully. When

you finish with the booklet, push'it out of your way and put the green

booklet in front of you. Put your name on the green booklet and then

begin reading

both booklett

. Read it 'carefully too-. When you: have finished with
. .

1,
.

t them together and wait quietly'until everyone is

finished. O.K. Now turn the page and begin. And please try to do
4

your best.

[When everyone has finished, collect'lesson,bcsklets. Then say:]

O.K. Now take the white booklet from your 'envelope. Put the

envelope on the floor again. Put your name op the cover of the white

booklet. 'Now turn to' the first page and follow along while I read

aloud. .[Read first-page.] Now turn to the second page and follow

along again while I read aloud. [Read secoria page.]

"'You may work on this booklet fo as long as you wish. When you

finish one page, go right on to the next. When you finish the whole

booklet, work quietly on something else until everyone else is done.

0.K, Begin.

[When all students be finished, collect test booklets, thank

students; tell theia they may keep-the brown envelope.]

27 4
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Univariate Analysis of Covariance for Knowledge
Minus Application (K-A) Difference Scores

Source

Sex x K -A

Subject Matter x K-A
',Type (easy-difficult) x K -A

Training x KLA
Mode of Presentation x KTA
Sex x Subject Matter x K-A
Sex x Type x K-A
Sex x Training x K-A
Sex x Mode of. Presentation x

Subject Matter x Type x K -A
Subject Matter x Training x K-.LA

% Subject Matter x Mode x K -A
Type x Training x K-A
Type x Mode x K-A
Training'x Mode x K-A
Sex x Subject Ma ter x Type x K-A
Sex x 'Subject Mater x Training x
Sex x Subject Matter x Mode x K-A
Sex x Type x Training x K-A
Sax x Type x Mode x K -A
Sex x Training x Mode -A
Subject Matter x TyR -:eTraining x
Subject Matter x T*Pe x Mode x K-A
Subject Matter x Training x Mode x
Type x.Training x Mode,x K -A
Regression dOe td higher order

actions,-A 1

Error

1

1

1

1

2

1

1
1

2

1

1

2

1

2

2

1-

K-A 1

' 2

1

2

2

K-A 1
2

K-A 2
2

inter-
11

110

** P < .05

* P < .10

5

A paired t test carried ou

MS F

0.884 0.2637
33.050 9.8598 **

11.410 3.4039*
1.960 0.5847
3.592 1.0716
6.323 1.8863

11.070 3.3025*
6.716 2.0036
5.989 1.7867
2.600 0.7.756

3.070 0.9159
0.590 0.1760
0.024 0.0071
2.779 0.8291

' 7.611 2.2712
8.493 2.5337
10.220 3.0489*
12.020 3.5859**
0.012 0.0036

:1.974 0.5889
2.115 0.6310-
4.124 1.2303
2.348 0.7005
2.882 '0.8598

4.700 1.4021 1

4.382 1.3072

)'

3.352

on the-difference between knowledge

and application scores for each subj t revealed that the .two groups

of scores were,significantly different (t=8.4704, df=158, k.05).

0
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