~ o

ED 044 314
AUTHOR
TITLE
INSTITUTION
SPONS AGENCY
REPORT NO
BUREAU NO
PUB DATE
CONTRACT
NOTE

EDRS PRICE
DESCRIPTORS

ABSTRACT

DOCUMEKT RESUME
24 SE 010 405

Scott, Joseph A.

The Effects on Short- and Long~Term Retention and on
Transfer of Two Methods of Presenting Selected
Geometry Concepts.

Wisconsin Univ., Madison. Research and Development
Center for Cognitive Learning.

Office of Education (DHEW), Washington, D.C. Bureau
of Research.

TR-138

BR-5-0216

Jul 70

OEC-5-10-154

163p.

EDRS Price MF-$0.75 HC-$8.25

Concept Teaching, *Discovery Learning, Doctoral
Theses, *Elementary School Mathematics, *Geometric
Concepts, Grade 6, *Instruction, Learning,
Mathematical Concepts

The study was designed to investigate the effects on

immpediate acquisition, retention and transfer of two methods of
presenting selected geometry concepts to sixth grade students. The
effects of immediate acquisition and of transfer were reasured
inmediately after presenting the lessons. The effects of retention

were mhasured 1,

11, and 21 days after coampletion of the lessons. 1Two

experiments were run., The first experiment considered the
differential effects on short-and long-term retention of expository
versus discovery methcds of presenting the concepts. The second
experiment investigated differential effects on mmediate acquisition
and transfer, of expository versus discovery methods of presenting
the concepts. The results of these experiments showed that method of
presentation did not differen'ially affect either immediate
acquisition or transfer, but did differentially affect retention of
the material in favor of th students who received lessons in the

discovery mode.

(Author/FL)



EDQ 44314

THE EFFECTS ON SHORY- AND LONG-TERM KETENTION
AND ON TRANSFER OF TWO HETHODS OF PRESENTING
SELECTED GEOMETIRY CONCEPTS

from the P'roject on Situational Variables
and Efficicncy of Concept Learning

L G o5

Q
lC)ﬁ‘te of Edxcotion

U3 CEPARIMIND OF MIALIN. EDLCATRON & wHNM
OHKE OF LOUCATNON

1M1 DOCUMIRT MAS BLER MEPROOUCED LRACHT &% MHCLYED FRON IHL
PERSON OF CREANMIANGK ORGIMATING 11 PONTS OF WIW G OPMIONS
4 SEATER DO ROY RICISLAMIT REPRESEND OVFICEL OFFICL OF (OUCATION
Muron ok MXXY.

Center No.C~03 Contract OF $-10-154



Ladm

W .

EDO 44314

Technical Report No. 138

THE EFFECTS ON SHORT- AND LONG-TERM RETENTION
AND ON TRANSFER OF 1WO METHODS OF PRESENTING
SELECTED GEOMETRY CONCEPTS

Report from the Project on Situational Varlables
and Efficiency of Concept Learning

By Joseph A. Scott

Herbert J. Klausmeier, V. A. C. Henmon Professor of Educational Psycliology
Chairman of tue Examining Committce

Herbert J. Klausmeier and Robert E. Davidson, Principal Investigators

Wisconsin Research and Development
Center for Cognitive Learnfug
The Untversity of Wisconsin
Madison, Wiscounsin

July 1970

This Teehnaica! Repont ix o doctonad dissettation repotling teseatch sappontocd by the Wise onin
Rescatch and Development Center for Cognitive Learning, Since @ has Becn aopproved by o thn
wisity Examiming Committee, 11 has nol e reviewed by the Conter. s pubtisched by the
Ceater as a tecord of some of the Center’s aclivities and s a scivice o the student. The houmd
utiginal is in The University of Wisconsin Memorial Library.

Published by the Wisconsin Rescarch aod Development Ceatet for Cognitive Learning, supgwnted
W patt as a tesearch and development center by funds from the United Stites Offic e of Edutition,
Depattment of Health, Education, and Wellate. The opinions exgeessed henan do not aecessatily
reflect the pogition ot policy of the Office of Education and no official cadorsement by the ilice
of Education should be infereed.

Centet No. C-03 7 Conlract OF 5-10-154




NATIONAL EVALUATION COMMITTEE

Samuel Brownell

P ofessor o) Urban Educotion
Gradunte School

Yolé Univeruty

Launor F. Carter

Scrior Vue Pravdent on
fechrelogy und Development

System Developinent Corporotion

Froncis S, Chase
Peoferner

Decotmeny of Educotion
Universty of Chicogo

P s e e —— i - ——

Henry Chauncey
Prevident
€ducationol Testing Service

Martin Deutsch

Dwector, Inshitute ot
velofmenlal Studies

New Yorl edicol College

Jock Edling

Director, Teaching Peseorch
Div.yion

Oveaon Store System of Hicher
Education

Elizabeth Koontz

Woage ond Lobor S1ondords
Administration, U$,
Depariment of Lobor,
Washington

Roderick McPhee
Presirdent

Punchey SKhool, Honotu'y

G. Wesley Sowards
Director, Elementory Education
Fiorida ‘Store Univenity

Patrick Suppes
Professor

Depariment of Mothemalics
Stanfard Universily

*Benfon J, Underwood
Profesror
Deportment of Psytholoyy
Northwestern Universty

RESEARCH AND DEVELOPMENT CENTER POLICY REVIEW BOARD

Leonard Berkowitz
(ha.tman
Ocgurtnent of Piychole gy

Archie A Buchmiller

Ix puty Stale Supenntendrt
Doparkoent of Poblic Invticton

Robett E. Grinder

C hanman
Degrastomnt of Flacotionnl
Psycholosgy

EXECUTIVE COMMITTEE

gEdgor f. Borgalta
Brittinghom Profesyer of
Sot-olo oy

Anne E. Buchonon
Pro.ect Rcetinl st
3D Certer

Robin $. Chapman
Researth Agsetiote
R & D Center

Russe!ll J. Hosler
Professnr, Curricutum
and Instnxrion

Clauston Jenkins

Asuistant Direclot

Coertinating Comnuttcr for
Hiaater Lheotion

Herbert J. Klousmeler

Director, ® & D Lonten

Prolersot of Edueational
Piychology

B L

Robert E. Davidscn

Assstont Professor,
tduononal Prycho'egy

Frank H. Farley
Associote Profansor
Edutatione Ny(ke?pqy

FACULTY OF PRINCIPAL INVESTIGATORS

Vernon L. Allen
rotesser of Piythetopy

Ted Crojkowski
Asystonl Prafessor of Dt
axd It chor

Robert £, Davidson

Ay gt~ Pefersor of
thcor el Paythelegy

Gary A. Cavis
Agaciate Mofesser of
Eacanoral Frpcholepy

M. Vere DeVoult

FroXsser of Crmrubum ong
trt et on ANrRemet <yl

fFronk H. Far'ey
Asyetote Professor af tduotonat
Fupthology

Lester $, Golub
Leenvrer o Cortithm end
Instnct-on end i English

John G. Harvey

Asseciate Mroferser of
Martherates ond of Curravium
o~ Ingtnerion

Hetbert ). Nlausmeler

Decter, ® A D Center
Frefennor of Edeot onal
fvthology

Donald iange
Aaatont Polersor of (wrrievium
ond fastricton

MANAGEMENT COUNCIL

Merbert J. Klavsmelet
Ot RO Jenves
VAT Meon Fobooner of
fAca et Prachotoas

ll _.-_

R. Quilling
E MC ot Developmen Fagom

Aruitoxt provided by Eic:

thomos A Rombetg

Agsociyve Dhrackor

Stephen C, Kleene
Ocon, Collcge of
Lettens ond Science

Oonold J. McCorly

Oras
Mhool of friucoron

Ira Sharkunsky
Assocate Prolesior of Politicol
Scocice

Russell J. Hosler
Protessor of Curriculvm ond
Instrnction ond of Business

*Nerbat J. Klausmeler

Director, ® & D Lenter
Professe. of Educotionol
vehology

Jomes Moser

. ———— e e a

Asyatont Professor of Mothematxy

Edcolion, Visting &

Woyne Otto
Nofennor of Cutvitvhen ond
tratreren (Reodingl

Milton O, Pella
Profeser of Cutricvdum ond
Imtnction (Scance)

thomas A. Romberg

Assotiate Drrecror, R 8 D Certer

Protessor of Mothemoties ond of
Conricvhorn

ond Irs*ruttion

8. Robent Tabochnick
Chornon, Deportrent

of Curricvhom ond

Imgtrict-of

o —— s e m e —— e —— e o

Jomes Waltet
Oveexcior
Dbt on Frog-on

B. Robert Tabachnick
Chaitman, Deportment

of Currculum ond

Instruction

Henry €, Weinlick

Eaccutive Scerstory
Wisonun Elutation Assetuhon

M. Crowford Young

Assotiate Denn
The Gra-huote $Schuol

Wayne Otto

Protessor of Currulum ond
Instructivn (Reoding)

Robert G, Petzold

Asseciote Deon of the School
ol Edwotion

Protessor of Cutrvhum ond
Tastnction and of Muiie

Richard L. Venerky

Assstont Pretessor of Emghah
ond of Computer Stientey

Alan Voelker

Asyrvant Professor of Cwrrtidhorn
ond Intnction

Lorry Wilder

Arsiszomt Prefessor of Curtiovium
ond Instnatson

Peter Wellt

Asystont Professnr of E4 7 0t onnl

Prcho'ody

Don O, Woolpen

O:vno' o o Baneas

¢ COMMINIEE CRATRMAN

e e B me sme s me e e



STATEMENT OF FOCUS

The Wisconsip Rescarch ard Development Center for Cognitive
Learning focuses on contributing to a better understanding of
cognitive learning by children and youth and to the improvement
of related educational practices. The strategy for rescarch and
development is comprehensive. It includes basic rescarch Lo
generate new knowledge about the conditfons and processes of
learning and about the processes of instruction, and the subse-
quent development of research-besed instructional materials,
many of which are designed for use by teachers and others for
use by students. These materials are tested and refined in school
settings. Throughout *hese operatfions behavioral scientists,
curriculum experts, academic scholars, and school people interact,
fnsuring that the results of Center activities are based soundly
on knowledge of subject matter and cognitive lcarning and that
they are applied to the improvement of educational practices.

This Technical Report is from the Sftuational Varfables
and Efficiency of Concept Learning Project in Program L. General
objectives of the Program arc to generate new knowledge about
concept learning and cognitive skills, to synthesize existing
knowledge, and to develop cducational materials sugpested by the
prior activitiea. Contributing to these Program objectives, the
Concept Learning Project has the following five objectives: to
fdentify the conditions that facilitate concept learning in the
school setting and to describe their managementy to develop and
validate a schema for evaluvating the student's level of concept
understanding; to develop and validate a model of cognitive
processes in concept learning, to generate knowledge concerning the
semantic components of concept learning, and to identify conditions
associated with motivation for school learning and to describe
their menagement.
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ABSTRACT

This study was designed to investigate the effects on immediate
acquisition, retention and transfer of presenting selected geometry con-
cepts to sixth graders. Effects of immediate acquisition and of transfer
were measured immediately after presenting the lessons. Eifects of
retention were measured 1, 11, and 21 days after completion of the lessons.
Two experiments were run. The first experiment investigated the differen-
tial effects on short- and long-term retention of expository versus dis-
covery methods of presenting the concepts. The second experiment inventi-
gated differential effects on immediate acquisition and transfer, of
expository versus discovery methods of presenting the concepts.

Lessons were prepared using two presentation methods. Under the
expository method, the name of the concept was given followed by positive
and negative examples In which the relevant attribute was explicitly stated.
Under the discovery method, a series of examples were given first. Ss
were asked to describe the examples and to state how they werce alike and
how they were different. After all examples were presented, the name of
the concept and its relevant attributes were given.

The subjects, who were slxth-grade children, studied the prepared
lessons during a class period on four consccutive days (groups in the
transfer ~xperiment had lessons on five consecutive days). Ss were given
a test o0 rhe concepts presented, either immediately after completion
of the les.ons for the immediate acquisition and transfer groups, or 1,
11 or 21 days afterwards for the retention group. No S was tested more
than once.

The findings of the study were as follows:

1. Method of presentation differentially affected retention
of the material. Test scores of Ss who received lessons
in the expository mode decreased over time, while the
scores of Ss who received lessons in the discovery wmode
increased over time. This interaction between method of
presentation and retention interval was significant.

2., Method of presentation did not differentially affect
transfer.

3. Method of presentation did not differentially affect
immediate acquisition.

x1i
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Chapter T

FNTRODUCTION

Higstory of tiie Problem

Is it better to define a concept for a child and then [llustrate
with a sequence of exanples, or to allow the child himself to induce
or deduce the concept from a series of examples? Psycholoplsts have
exanined this question for several decades without reacliing a definitive
conclusion. Some psychologists (e.g, ,Ausubel, 1967) state thac it is
hoetter to tell the older c¢hild the principle first and then illustrate
witih cexarples. Others (e.p.,bruner, 1961) hold that there are more ad-
vanta; v to allowing the child to discover the concents and principles
hirself. The forrmulation of the question in the terms used aliove is of
recent origin, but the ancestry of the problem is tong, and its resolu-
tion has been sought by men of letters and science for over two thousand
years,

The "historyv' of this problem can be traced back, as can nrany
other problers in rodern psychologpy, to a similar controversy in the
uvritings of Plato. In The Republic, after he has told the parable of
tire cave, Socrates concludes, "but then, if T am right, certain
professor: of ceducation must he wrong when they say that they can
put knowledee into the soul which was not there before, like sipht into

hlind eves'" (Plato, 1963). SLoerates was arpuing for the oxistonee ol

POOR ORIGINAL COPY. BEST
AVAILABLE AT TIME FILMED
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innate ideas as opposed to knowledge put into the soul, which was
apparently being advocated by the "certain professors of education."
These professors, it would appear from history's perspective, were

to carry the day, however. Instruction via Jlecture and admonition
appears to have been unopposed in ancient Rome, and throug'.out the
Middle Ages. But the issue was revived with the publication of Emile.
Rousseau stated it this way:

Direct the attention of your pupil to the phenomena
of nature, and you will soon awaken his curiosity;
but to kecep that curiosity alive you must be in no
haste to satisfy it. Put questions to him adapted
to nis capacity, and leave him to resolve them.

Let him take nothing on trust from nhis preceptor,
but on his own comprehension and conviction: he
should not learn, but invent the sciences 1italics
mine}, (Boyd, 1956)

Herbert Spencer was more vehement still:

Nearly every subject dealt with is arranged in
abnormal order: definirions, and rules, and
principles being put first, instead of being
disclosed, as they a:e in the order of nature,
through the study of cases. And then pervading

the whole, is the vicious system of rcte learning,
a system of sacrificing the spirit to the letter.
See the resulcs. What with perceptions unnaturally
dulled by ecarly thwarting, and a coerced attention
to books--~what with the mental confusion produced
by teaching subjects befort they can be understood,
and in each of them giving generalizations before
the facts of which these are generalizations--

what with making the pupil a mere passive recipient
of other's ideas, and not in the least leading him
to be an active inquirer or self-instructor--

and what with taxing the faculties to excess;

there are very few minds that become as efficient as
they might be. (Spencer, 1860, pp.47-48)

In the first half of this century the controversy raged again
between traditional and progressive education as characterized by

Dewey (1938). He stated that "the history of educational theory is
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marked by opposition betveen the idea that education is development
from within and that it is formation from without.' He portrays the
comtroversy between traditional and progressive education as an
example of the debate in action.

To iwmposition from above is opposcd expresslion and

cultivation of Individualityv; to external discipline

is opposed free activity; to learning from text and

teachers, learning through cxpericnce; to acquisition

of {solated skills and techniques by drill, (s opposed

acquisition of them as means of attaining ends wvhich

wake direct vital appeal; . . . etc. (L. 19)
But even to the present time, the issue does not appear to be cither
resolved or dead.

It is well to note that discovery is being advocated by all of
the foregoing because it is the more '"natural', or more "proper"
way of learninpg and not because it might produce better retention, or
because it might be more efficient. Such contentions are not,
therefore, operationally definable nor empirically testable, and the
results of the studies reported in the remainder of this disscertation
cannot be introduced as support for one position or the other. Later
researchiers h~ve tended fo concentrate their attention on such factors
as retention, where empirical research can be brought to bear on

the question.

Inconclusiveness of the Debate and llesearch

Psychologists toq have joined in the debate and introduced
ompifical laboratory-type research towards its resolution. Chapter 3
reviews a series of experinents, starting in 1932 and continuing to
the present, which have addressed themselves to this problem. This

rescarch is penerally reported under the rubrice of discovery learning.



The most complete discussion of this literature and the controversy that

surrounds It is best reported in Leaining by Discovery: A Critical

sppraisal (Shulman & Keislar, 1966). Despite this history of interest,
debate, and research, tilere is little evidence of a definitive nature
which can be broupght to bear on the question posed at the beginning of

this disscrtation.  Summarizing the (indings ol the Conlerence of

Learning by Discavery, Lloyd MHorriscett (1966) concluded that "rescarch ¥

on the topic of discovery . o . is reltatively fnpoverishoed . .
first in the range of variables that have been considered o 0 ond
second in the subject matters that have been studied" (p, 179). Wittrock
(1966) prefaced his review of the research with the warning that the
current state of research on discovery is very disappointing and pre-
cludes any important conclusions about teaching and learning' (p. 45).
He states that research in the field suffers from problems with the
conceptual issues, methodology, semantic inconsistencies, and lack of
generalizability.

This dearth of significant findings in the research to date has not,
however, lessened the conviction of many educators (e.g. Davis, 1966)
and psychologists (e.g., Bruner, 1961) that the issue is an impo.-tant one
for education and that further research should be expended toward its
resolution. The equivocal nature of the findings taken in toto, probably
emanates from several sources. Critical examination of the literature
indicates that the controversy simultaneously revolves around epistemologicai,
ethical, psychological, pedagogical and theoretical questions. Anong
the points of view noted above, it can be seen that Socrates represenced

2 purely epistemological point of view, Dewey a pedogogical approach




from an epistemological base, Rousseau a pedagogical position from an eth-
ical base, etc. It is also entirely probable that the polarity in points of
view between Austbel and Bruner noted in the first paragraph arises less
from the difference in thelr psychological approach than from their differing
definitions of the word "better" as it is used in the question. ‘ihis situa-
tion points to the necessity of an increasingly rigorous definition of both
independent and dependent variables usedvin the research as well as more
explicitly stated questions or hypotheses. This happily, has been the
direction researchers have moved in recent years. One of the most impor-
tant conslderations is assessment of the effect on learning and retention
of various methods of presenting stimulus materials to students in class-
room situations. The present study addresses Iiself to this question.

This point of view avoids the epistemological "red-herring' intro-

duced with the word "discovery'. The conclusion of the Conference on

Learning by Discovery was that even such a basic consideration as the

definiticen of discovery was not agreed on by the participants. Howard
Kendler (1966, p. 1976) in his concluding remarV~ at the conference
pointed to the confusion and lack of communication involved in the use

of the word "discovery' and called for its abandonment. Abandonment

of the word 'discovery,' however, is hignly unliliely, and furthermore
will not solve any problems. A more acceptable approach in this author's
opinion is: (1) to formulate a more acceptable definition of the

concept discovery; and (2) to accept the position that pedagogical
questions such as that posed at the beginning of this chapter can he
answercd without reference to the epiétemological phenomenon or the

psychological process called '"discovery."
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Background of the Present Study

The question "Is it better to define a concept for a child and theﬁ
illustrate with a sequence of examples, or Lo allow the child himself to
induce or deduce the concepts from a series of examples?' was posed at
the beginning of this dissertation. As noted earlier, this cucstion
can be answered in a straightforward manner, once "bettcr" has been
operationally defined, without any reference to '"discovery learning",
Nevertheless, the question itself evolved directly from a series of
studies on discovery learning, and the parameters and questions of the
present study can be traced back to that scries of studies. Wittrock
(190606) makes a usceful distincetion botween studies of discovery as an
intervening variable and studies of discovery as an independent variable.
The studies of discovery as an intervening variable are more dircectly
related to psychological theory, to an examination of the psychological
processes involved in discovery. These studies yielded few definitive
results. Later studies have concentrated on identifying functional
relationships between independent and dependent variables and have
less commitment to the concept of discovery per se. It is primarily
from this last group of studies:that the present experiment evolved.

A second useful way of looking at the research on discovery learning
i{s to group the studics-into those performed in psychological
lahoratorics and those performed in classrooms willh carricular
materials,

Studies by Kersh (1958, 1962) and Gagne and Brown (1961) are
characterized by Wittrock as investigations of discovery as an

intervening variable, but can be classified as laborvatory studics,



Kersh (1958) found a No-~lelp group superior to a Direct Learning
Croup. In a later study, Kersh (1962) found that Rote Learning
and Guided Discovery groups were superior to a Directed Learning
group. It should be noted that Rote "earning was equivalent to No-
ltelp and, therefore, the most extreme discovery group. Gagnd and
Brown (1901) found that a Guided Discovery group performed best
while a Rule ind Lxample group was worst.

Arong the studies of discovery as an intervenlng variable using

curricular materials in the classroom are those Ly Swenson (1949) and

Anderson (1949). Swenson found no differencgs among the groups on
measures of retention but found that results of transfer tests
genrrally favored the Generalization (Discovery) group. Anderson,
like Swenson, worked with sixth graders and found an interaction
between treatment and ability level, as measured by the Minneapolis
School ‘hility Test. Performance was best for low ability students
ander tne Prill method, and best for the high ability students
under the Discouvery method. The discrepant results of thesc
studies, and the impossibility of comparing cither their dependent
or independent variables prohibit firm conclusions regarding dis-
covery learning.

A second group of studies are those characterized by Wittrock
as studies of independent variables. Craig (1953, 1956), Kittel (1957),
Haslerud and Myers (1958), and Wittrock (1963) typify this kind of
study. Craig (1953) varied the amount of guidance given to four
proups.  Resulls indicated that the amount of guidance was dircctly

ad positively related to retention and transler. Later, Graip,




(1956) compared two groups, a No-Help and a Directed Group. On an
immediate tr-nsfer test and on a transfer test 31 days later the
Directed group was superior. On a test for transfer administercd
3 and 17 days after the test, no differences were found. Kittel
(1957) found that an Intermediate Direction group was s.perior on
both retention and tranéfer tests, to a Minimum Direction group
and a Maximum Direction group, Haslerud and Myers (1958) found a
Direct ! group superior on a test of immediate acquisition but
inferic on a test o1 retention, Wittrock (1963) found that an
intermediate amount of direction produced greater retention and
transfer than minimum and maximum direction,

The following two studies typify discovery studied as an
independent variable in classroomé, with curricular materials.
Twelker (1967) examined the effects of expository and discovery
learning and their interaction with teachers' use of praise and'
guidance. No clear cut findings favoring eithef treatment emerged.
Worthen (1968) found that the Expository treatment was superior on
a test of initial lecarning while the discovery group was superior
on a retention test and on a test of transfer of heuristics.

The studies just cited illustrate the problems involved in
making statements about the relative effectiveness of discovery
learning, One study found no differences between expository and
discovery leafning, another found expository learning superior on
a test of initial acquisition but discovery learning superior on a
retention test. The other studies evidence the superiority of no, some,

and ouch guidance, The source of this confusion is no doubt due in

ERIC
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parl to the fact that although the task in the various studies is
usually clearly stated, the characteristics and dimensions of the
materials themselves are not specified. Since number and scquence
of examples, ratio of positive and negative instances, and amount
and kind of feedback have been shown to be powerful variables
affecting learning of concepts, if such descriptions are omitted,

labels such as "intermediate directions' are virtually meaningless.

Worthen's study introduced more rigor into the definitions of
expository and discovery learning, defining thém in terms of the
sequence of stimulus presentation. Worthen's study was, however, of
long duration aad under the direction of various teachers. This
raises questions about the amount of guidance that may have hcen
given by teachers, and effects‘nf reinfoveement rom interaction with
teachers, aside from the effectiveness ol the written matevial., [t
is not clear from Worthen's study, what the effect of the written
material alone might be. Worthen's study also suffers from the lack
of definition of stiumlus materials mentioned above. Finally, Worthen
tested each S on five different dependent variables administered
consecutively. The effect of earlier tests c e later tests was
not ascertained. in examining the variables he chose Worthen had to
necessarily forego examination of a number of other variables. By
locking at Leacher effects, he could not assess the effect of Lhe print-
od paterial alo‘m-,

The present study examined the effects of tWo methods of pre-

sonting material in printed form only. Haterials were construcled
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such that number and sequence of examples, ratio of positive and
negative instdances, and amount and kind of feedback as well as the
principle to be discovered could be specified for each concept intro-
duced. Finally, in‘tLis experiment only two tests were administered
to each S, one embedded in the lesson material, and one after comple-
tion of the lessons, so that spurious effects would be eliminated.
Worthen's use of 'expository" and ''discovery" to describe the manner
of presenting the stimulus material will be used in the study.

The intent of this dissertation is to make a contribution at
three levels. (a) rhe experiments assessed the effects of expository
and discovery methods of presenting selected geometry concepts on
retention and transfer. (b) Materials were prepared along spccifiahle
dimensions. A complete descripticn of the material utilized will be
given for ecach presentation method. (c) A description of the concept
discovery is presented which may be useful in comparing findings of

previous studies and in designing future studies.,

Purpose of the Experiment

The experiment was designed to investigate the effects on reten-
tion and transfer of two methods of presenting selected geometry
concepts to sixth graders. The effects on retention were measured
at three points: 1 day after completion of the lessons, 11 days
alter the completion of the lesson, and 2] days after the completion
ol the lessous.  The effect on transfer was measured imned iately
altter completion ot the last Ioésnn. Assessment ol the effect ol
method of presentat lon on inmediate acquisition ol the selccted

concepts was also aeasured immedilately after completion ol the lessons,
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The following specific questions were asked:

1. 1Is there a difference in the level of retention of the selec-
ted quadrilateral concepts at 1 day, 11 days, and 21 days for students
who are presented the concepts in an expository mode and students who
are presented the concepts in a discovery mode?

2. Does presenting a set of concepts on triangles in the expos-

ftory vr discovery mode differentially affect the subsequent learning

of the selected quadrilateral concepts presented in either the cexpos-
ftory or discovery mode?

3. Does the level of irmediate acquisition of the selected
quardflateral concepts differ for students who avre presented the con-
cepts in an expository or disccvery mode?

Experinent 1 will address ftself to question 1. FExperiment 2

wil)l address itself to questions 2 and 3.

tethod

A pilot study was run to answer logistical questions repgarding
administration of the lessons and test, pinpoint problems {n the pro-
cedure, and test for effects of the lessons which had been prepared,
The methodology of the main study was based on the results ot the
pilot study.

Subjects, Ss were 256 sixth-grade studen*s from six schaols in
Stevens Point, Wisconsin., Eleven classes which had no prior training
in the concepls being presented werce used.

Task. A sceries of lessons were presented to the Ss, one lescan
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per day.  1he series consisted of cither four or five lessons, depen-
ding on the treatment group (see Tables 4 and 5 for complete listing).
The content and structure of the lessons is described in the scetion

on materials.  Inpediately following the last lesson for those Ss i

the transfer group and 1 day, 11, or 21 days later for the other groups,
a tert to determine ievel of retention of the concepls was administuered.

Procedure. Ss were randomly divided within schools into 15 groups.
All Ss except control groups were first presented two introductory
lessons. Experiment 1, which addressed itself to question 1 above
contained nine groups. Groups 1, 2, and 3 were presented lessons on
quadrilaterals {n the discovery mode; Group 1 was tested 1 day after
presentation of the last lesson, Group 2 was tested 11 days afterwards,
and Group 3, 21 days afterwards. Groups 4, 5, and 6 were presuvated
lessons on quadrilaterals in the expository mode, Group 4 beiny tested
1 day later; Group 5 11 days later; and Group 6, 21 days afterwards.
Groups 7, 8, and 9, and the control groups, reccived placebo lessons
on unrelated materials and were tested at the same times as the 1 day,
11 day, and 21 day groups above.

Experiment 2 addressed itself to questions 2 and 3 above, and
contained six groups., Groups 10 and 11 werce presented a lesson nn
triangtes in the discovery mode; Group 10 was then presented lessons
on quadvilatevals in the discovery made, while |, roup 11 was presented
fessons on quadrilaterals In the expositoty mode.  Croups 12 and 18
were preseated a tesson on triangles in the expository mode; tCrogp 17
then received lessons on quadrilaterals in the discovery mode and

Greup 1Y received lessons on quadrilaterals in the expository modo.



Groups 14 and 1, did no. receive lessons on triangles; Group 14
received lessons on quadrilaterals in the discovery mode and Group
15 received lessons on quadrilaterals in the expesitory mode,
Groups 10 through 1% were tested immediately on completion of the
last lesson. Tables 4 aud 5 show the Groups, and lesson and Lest
sequence,

Significance of the Study

Since the independent variables under investigation proved to have
signfficant ceffects on retention or transfer or both, this may have
possible fmplications for the manner in which printced materials, such
as textbooks and other reading materials, are prepared for sixth-
grade children. The structuring of the matoevials used fn this study
is such that it will aliow for systematic variation in subsequent
experiments to arrive at optimal conditions of presenting such
printed materials. The same structuring should provide a vehicle
for constructing lessons in other currficular material so that 1t
can be determined ff the effects obtained are generalfizable to other
subject matter. Finally, the dissertation will essay a comprchensive
description and definition of discovery which mizght be used as a
cormen denominator in canparing the studies fn the literature and in

designing tuture studics,




Chapter 2

EPISTEMOLOGICAL NOTES ON DISCOVERY

Atthough "discovery” and "discovery learning' are used fre-
quently in the literature In educational psychologv and teaching
practice, the usage is inconsistent and the concent appears to be
very poorly understood. The purpose of the present chapter is to
increase understanding of what is implied by the use of the word
"discovery." The chapter is not, however, intended as a compre-
hensive treatise on the subject. Rather it will describe the
epistemological phenomenon called discovery as opposed to the
psychological process of discovery, and will scek to clarify the

problem of what is discovered.

Review of the Problem

When one speaks of ''discovery'.what exactiy is one talking
about? If one even briefly reviews the psychological litera-
ture it would appear that one might mean one or all of a variety
of events, processes or phenomena. The word is used in juite
different wavs by different psychologists and the reader has the
unhappy job of deciding whether each usape is a subset of some larger
meaning or whether the psychologists ate applying the same words

to different and independent phenomena or processes. The decision

14
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must be made, however, if one is to judge the scope, generali-
zability and applicability of the research results cited. The
following samples will illustrate the variation in the use of

the word "discovery."

Robert Glaser (1966) stated that discovery sequences are
characterized by two properties: inductive sequences and trial and
error learhing. Gagné (1966) said that discovery involves infer-
ring (a) an internal process of search and (b) an internal pro-
cess of selection. lie then suggested that discovery so described
could occur at each of the seven levels in his hierarchy of
learning. Kagan (1966) equated the "inferential approach' with
the discovery approach, and stated that the discovery method

required the child to infer a major principle 'Wwithout excessive

guidance from an external source.” (italics mine). In addition
to this he described discovery as teasing out a simplifying rule.
Bruner's (1961) definition of discovery is so broad as to "include
all forms of obtaining knowledge for oneself by the use of one's
own mind." A little farther on in the same article, is a more
restrictive definition, i.e. that '"discovery is in its essence a
mattey of rearranging or transforming evidence fn such a way that
one is enabled to go beyond the evidence so reassembled to addi-
tional new insights." This resynthesis, he added, is not always

dependent on new information. Shulman (1970) in a recent article,

’
represents discovery a la Gagne as going from the simple to the
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complex and discovery a la Bruner as going from the complex to the

simple. Shulman also places the roots of Bruner's model in the
Socratic method. Worthen (1968) describes the discovery method of
tecaching as one where "verbalization of each concept or general-
ization is delayed until the end of the instructional sequence bv

which the concept or generalization is to bhe taught. The students

are first given a scries of examples of the concept.

Examination of these definfitions and descriptions sugpests
that some psychologists are defining discovery as au epistemological
event whiile others arc defining it as a psychological process. Tic
difference between these characterizations might be summarily described
as the difference between stating what is acquired and w~hen it can be
said to have heen acquired, aud stating how it is acquired. This
distinction will be elaborated in the remainder of the chapter.
Although the definitions in the preceding paragraph are not en-
tirely precise it appears that Gagné’in his definition is describing
a psychological process; Kagan is describing an epistemological event;
Glaser's definition incorporates both, and Bruner's could be either
depending on how he dcfines "transformed." In Gagn;'s definition,
a process or series of behaviors(though they may be internal respc-ses)
is beinp postulated and examined, while in Kapan's a set of cri-
terial results is taken as evidence that some eveant callced discovery
has occurred; in the first instance thc process discovering i
heing examined; in the second instance discoverinpg is assumed to

have, or is defined as having, occurred. The differences will now
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be examined in more detail.

Epistemological Description of Discovery

Description of Discovery. The following criteria are postulated for

specifying whether or not an event calied discovery has occurred:

It will be accepted that S has discovered the proposition Vb,

that is to sav that proposition I’ is true, if

1. at time t; S does not know that I is truc.

2. at time LZ S does know that I’ is truc.

3o i1 in the interim ll - l2 $ has not been Lold that 11 @5 true.

The followinp clarifications are necessaty to render this description
more precise. (1) A proposition is used here in the same sense as
Beardsleys' usage (Beardsley & Beardsley, 1965) that is "what it is
that a person knows when he knows that something....a proposition

s {a statepent) thes can be true or false, lien you know that cats
are carnivorous, you know the proposition that catls arc carnivorous;
vou know the proposition 'Cats arce carnivorous' is truce."  Proposition,
tien, as usced here is taken to include concepts,y principles, rules,
cencralizations cles (1) Told as used in this description relers to
any manner or ccthed o witich P omipht he communicated 1o 8 by otinr
petat, A T will be acceptod that 8 Enows Foto be tiae, il

ac Vo L,

b, 8§ accepts the corvectness of 10
¢. 8§ can present evidence that 1ois true, upon detmd,

POOR ORIGINAL COPY . pest
AVNUSLE AT TIME Fime.,
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Evidence shall consist of either a valid deductive argument or a
strong inductive argument, or alternately a prediction and demon-
stration that P is true. Behavioral scfientists would probably

accept a broader operational definition for "e".

Piaget's research
would suggest that children prior to the stage of formal operations
'may not be able to present evidence that P is true in the sense
required above. Pather thau exclude children in the preoperational
period and the period of concrete operatfon, this author will
accept that such a child knows P {f he responds at better than
chance level on a test designed to suggest that the child knows
that s The criteria specified above for assertiung that § knows,
are prima facie non-commutative i.e. failure to mecet these criteria

does not imply that S does not know, nor does it imply that S has not

discovered P (cf. Strike, 1970).

It should be reasserted at this time that the above description
of discovery, views discovery as an epistemological event. That {is
to say this description establishes criteria by which, in the casec of
any given proposition, it can be determined on a yes/no basis
whether or not that proposition was discovered. 7The objection has
been raised that this description allows for a situation such as the
following: Sl is told cach attribute of a concept, bhut the concept
itself is not verbalized. $2 is not told any of the attributes
but the concept is verbalized for him. Using the criteria above it
would have to bhe concluded that Sl discovered Lhe concent, or a

propositlon,?x, reparding the concept, assuming that 81 knows Px'

v
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while $2 did not. 7The contention is, however, that $2 discovered
more than 81 and that, therefore, the criteria are misleading.

The following points will, perhaps, clarify the situation. Using
the criteria above it .ust be accepted that S1 discovered L 52
did not. What $2 discoversd (given that the evidence is produced)
were other propositions Pi’ Pj, Pk regarding attributes of the

p It should be elear {rom

concept. Sl did not discover P P

i* '3 'k’
this that the criteria above can bLe applied to vach sub-concent,
dimension, and attribute of the concept under consideration, ad
infinitum, Thus, it is possible to use these criteria to state

whether or not a concept was discovered, and in addition, how much

of all the prior information leading to the concept, was discovered.

Induction and beduction. In th: psychiolopical literaturc on dis-
covery, one finds many statements regarding induction and deduction.
The most prevalent point of view coincides fairly well with Glaser's
statement (1966) that discovery is characterized by the f{nductive
process. Glaser describes {nduction as a procedure of givinz
exemplars of a morc general case which permits the student to
induce the general proposition involved. This, too, appears to be
typical of the interpretation of induction as used by psychologists
writing in the literature on discovery. Rather than pointing

to the inadequacics of these dofinftions, the ifntent here is fo
present a more complete description of deduction and induction, as
these words are used by philosopliers, and to suprest that psycho-

lopists begin to use then in the same wav. Sk e (1966) calls the
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view of induction as going from specific to general, and deduction

as going from general to specific, '1 nsenge,but nevertheless a
videspread misconception." He then provides a description of each,
wihich is in large part the basis for the following remarks.
Beardsley's (1966) statement on the differences between induction

and deduction 1is more succinct and will serve as a point of departurc.
He says that the difference is "a difference in what we can hope to
accomplish by way of proving something." In a deductive argumeut

the rules of infercnce are clear. Simplv stated they fusist that

if the premises of an argument are accepled, and if the argument

i{s valid according to the prescribed rules, then it is necessary

that the conclusion be accepted. In inductive arguments the

attempt is to put the conclusion beyond reasonable doubt by offering
sufficiently strong arguments in its favor. There is, therefore,

no stipulation that the argument proceed from specific to peneral or
vice versa. Sk rms has in fact shown that {t is possible to construct
both deductive and {nductive arpuments which go from general
statements to gencral statements, specific statements to specific
statements, specific statements to peneral statemcuts, and general
statements Lo specific statements. (Skvrms 1966, op. 13-14)

Since the direction in which the argument nroceeds is irrclevant
to the kind of argument beinp put forth, the differcnce lices in the
rule by which the conclusion of the argument is accepted. If
the conclusion derives necessarily from the premises, then it is a
deductive argument, (Mathematiclans call it a nroof.) If the

pronositions fs net deriveable from the premises, but can be
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shown to have greater or lesser probahility on the basis of the
evidence presented, then it is an inductive argument but not a
proof, The following example may illustrate and clarifv this to
some cxtent, The following threc statements constitute A valid
deductive argument, that is to say that if the premises (1 & 2) arc
accepted the conclusion is incontrovertible,

1. All human beings feel pain.

2. John §s a human being.

——— . -

3. John fecels pain,

Statement !, however, can be arrived at in two wavs, deductively as
the conclusion of a set of premises such as:
1. All mammals feel pain.

2. All human befaps are mammals,

—— -—a - ——

3. All human beings feel pain
or inductively, through the following kind of argument: 1 am
humany T feel pain. 1 know many fellow humans. All assure mc¢
that they feel pain. 1 believe them. Reports of many doctors and
psychologists, historians and wrilers of literature show that the
hunan being reported on indicate feelinpg or having felt pain.
I belicve at least this aspect of these reports, and therefore
conclude that all human beings feel pain. The inductive argument
contains none of the incontrovertible features of the deductive

argument . Even at {ts strongest it is a probabalistic stalement.
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What {s Discovered?

Discovery may be defined in the manner outlined above as a
phenomenon presumed to have occurred when certain events are ob-
served. It may aleo be described as a set of ongoing processes;
what it s that § is doing when he is discovering. Fxamination and
description of these processes will be easier if there 1s first
some attention given to what it is that is discoveved.

Tthe criteria for determining whether or not discovery had
occurred, cited carlier, all concerned themselves with 8§ discovering
a proposfition, This is not to hold that only prorositions can be
discovered but rather to say that whatever is discovered must be
put in propositifonal form {f ft is to be put forth and evaluated.

It is legitimate to ask what type of events might be discovered
and put in propositional form. Three groupas of events or phenomena
are postulated to include most if not all of what is discoverable.

a, Fortuitous events.,

b. Experimental laws, or knowledge acquired as the result of

exploration, and the accumulation of new facts and cxpericnees,

c. Theories, or knowledge acquired as a result of the restructuring

of current knowledge.

Fortuitous events can be subdivided into unplanncd happenings
and serendipity. The former refers to events like Columbus's
runuing f{nto America on his way to India. The latter refers to events
such as the discovery of penicillin or vulcanized rubber, where a
search was in progress for something but what was found was not

exactly what was being leoked for. Since by definition it is almost
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impossible to include such events in a curriculum or a program of
experimentation, no further attention will be given to this group of
events,

Ernest Nagel (1961, Chapter 5) makes a distinction between
experimental laws and theories, This distinction will be used as
a base from which to describe type of eveants or phenomena (a) which
are discoverable, (b) which can be put in propositional form and (c¢)
which will also be meaningful in educational experimentation and
curriculum planning. Nagel sceces the aim of scientific thought as
understanding observable things by discovering some systematic order
in them. He describes the final test for the laws that serve as
instruments of explanation and prediction as their concordance with
such observations. These are what he calls experimental laws.

"set of assumptions about some phenomena which employs

Theories are a
terms which ostensibly designate nothing observable and which
assumptions cannot be confirmed By experiments or observations of
the things to which the terms refer.'" Toulmin (1953 p. 53) des-
cribes the difference more elegantly. He speaks of looking for
regularities of given forms versus seeking the forms of given
regularities.

What this author then takes to be discoverable in the case
of experimental laws is a paltern or rule common to all observa-
tions, or a set of attributes held in common by all exemplars.
Experimental laws refer not only to the scientiffc endeavor but

also to all concepts and principles. One presumably has acquired i

concept when ore can identify a pattern, a rule or attribute commer
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to all examples ol the concept. When one discovers a4 concept, Lhen
one presumably discovers that common attribute ov rule. This author
includes this behavior under what Nagel designates as the supra-
ordinate class of experimental laws. Two stages are involved in
the digcovery of experimental laws: first, critical observation of
instances examined; then, determinatieon of common patterns.
Theories on the other hand involve postulated patterns first,
then observation of events to determine 1f they coincide with
the rules predicted by the thezory. If concordance 1is observed
then an explanatory theory can be said to be discovered. Thus,
Nagel observes, that "though experimental laws may suggest a theory
and a theory may explain experimental laws, the laws can survive
the demise of the theory since they rest on an observational base.
Thus, the meaning of laws cau be formuvlated indeﬁendently of the
theories, but theoretical notions cannot be understood apart from
the particular theory that implicitly defines them. Discovering
theories, then, would include much hypothesis testing and problem
solving behavior, as well as the type of behavior defined as
"ereative' in the psychological literature. Two stages are
involved in the discove;y of theories: first, hypotherizing a set
of relationships or series of consequences; second, testing the
hypothesis for concordance between the theory and observation.
Briefly stated, then, what can be discovered apart from fortui-
tous events is either a rule or pattern which describes observed
regularities among instances, or concordance or nonconcordance

between a postulated pattern and subsequent observations.
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The Process of Discovery

The foregoing abbreviated discussion of what is discovered
suggests a scquence of processes which could lead.to S's dis~
covery of an cxperimental law or a theory. In the case of an
experimental law, four processes are involved: (1) exploration
and observation, (ii) {identification of rules or attributes or
both as a consequence of these observations, (i1i) discriminating
patterns or regularities, and (iv) stating the observed regularitics,
If the fourth step produces a statement regarding a pattern, rule,
or set of common attributes, then this author will hold that
discovefy of an experimental law has occurred. 1In the case of theories,
five processes are involved: (i) hypothesizing on the part of §,
(ii) exploration and observation, (iii) identification of rules,
attributes, or patterns among what is observed (iv) comparison of
observations with hypotheses, and (v) stating the concordance or
nonconcordance between hypothesis and observations. These processes
do not differ greatly f'om Cagne's (1966) processes of internal
search and internal selection. They go beyond Gagne: however, in
providing for external search as well as internal search and for
external identification in addition to internal selection, and in

prcviding for an external statement of S's findings.

Discovery and Guided Discovery

The criteria snecified for determining whether discovery has
occurred do not exclude methods generally listed as guided discovery.
For the purposces of this paper "gulded" will be taken to indicate

the presence of a structure or of clues, in greater or lesser amount.,
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This stiucture shou? "~ be specifiable both in terms of the number of
rules or attributes told or to be discovered, as well as number and
sequences of exemplars, etc., and should increase the probability of

S discovering that the proposition P is true.

Discovery and Expository Learning

Discovery learning will be taken to be what is learned when some
P is discovered. Expository learning will be taken to be non-discovery
learning. The criteria for expository learning will be that:

1. at time t S does not know that P is true.

1
2. at time t S does know that P is true.
2
3. 1in the intermint -t S has been told P is true.

1 2

All of the other specifications described earlier will hold. Tt
should be obvious from this that there exists the possibility of many
kinds of expository learning, depending on the degree to which P is
structured and the number of rules, attributed, rules etc., so that
the nature of the total learning experience can be specified.

It 1s obvious from this discussion that expository learning and
discovery learning are such broad concepts, that comparison of the two
without a virtually exhaustive description of the stimulus situation is

meaningless.



Chapter 3

RELATED RESEARCH

kescearch on discovery learning has been periodically reported in
cducational and psycholopgical journals during the past forty yeaors,
The resulit of this researcl, is equivocal, and more work of the kind
suppested in previous chapters is needed before definitive conelu-
sions can be drawn, Nevertheless, it may be useful to review a
representative proup of the studies performed over the past four
decades to compare the paramcters of the studies and thelr Findings,
It is possible to divide these expertnents into three groups on
the basis of the fadependent variables being studied: experiments
which compared discovery and non-discovery nethods of presenting
stinulus naterials; expericments yhich examined the effects of
varying degrees of guldance; and studics of the effects of verbal-
ization, Most of the studies reviewed here (tie exceptions will
be noted in context) weasured either retention transfer, or both,
In addition to noting the independent and dependent variables, nd
the results of the studies, the types of Ss and tasks employced

the studies will also be compared.

Discovery vs. Non-Discovery

In one of the earliest experiments of this kind, McConnell
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(1934) used sccond grade Ss in a seven-month study. The stimulus
materials were 100 addition and subtraction facts. The methods

were: Authoritative, in which Ss were told to memorize the facts, and
Discovery, in which Ss were told to discover the generalization in-
volved in the task. The results showed the Authoritative method to be
best on speeded retention, but discovery to be superior on transfer
tests.

Thiele's (1938) design and methodology was similar to McConnell's.
Thiele's task also consisted in learning 100 addition facts and the
subjects were again second graders.

Treatments were Geperalization, in which Ss were told to look for
a generalization, and Drill, in which facts were presented without any
attempt by L to relate them to cach other. Training time was scven
weeks. Performance of the generalization group was superior on all
measures of retention and transfer.

Katona (1940) used a somewhat different task. Ss, graduate stu-
dents 1n psychology, were assigned to one of three groups. Ss in the
Memorization Group were told the correct sequence of cards required
to perform a trick; Ss in the Understanding Group were told the way
in which the solutlon could be derived; Ss in the Control Group re-
ceived no training. Training time was four minutes. Results showed
Ss in the Memorization Group to be superior on a test of immediate
retention, while the Understanding Group was superior on a test of
transfer to similar problems., Both groups were superior to the
control group. The results were replicated in a second experiment

with one additional result. On a retest four weceks after training,
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the Understanding Group was superior both on memory and transfer.

Swenson's (1949) Ss were second grade students. The task was
learning of 100 addition facts and the duration of training was 18&%
weeks, with 25 minute lessons each day. 1reatments were: Generaliza-
tion Method, encouraging the students to build up interrelationships;
Drill Method, presenting facts in miscellancous order; und Drill-Plus
Method duplicating standard teaching procedures. ‘This included mani-
pulation of objects in addition to drill on facts. Results showed
little difference among groups on initial learning, but the Generali-
zation Group was higher on both retention and transfer.

Anderson (1949) used fourth grade students and applied his treat-
ments to the material taught in the regular math curriculum from Nov-
ember through May. Treatments were Drill and Meaning methods, essen-
tially those described in the Swenson Study. On standardized arith-
metic tests he found no differences among group as a function of method
of teaching. This would presumably be a test of retention. A test of
mathematical thinking which could be considered a transfer test was
also given. Ss of high ability but inferior achievement, who had
received the Meaning method of training, performed best on this test.

Worther (1964) reported the following series of comparative
studies in mathematics, which juxtaposed Traditional with Discovery
methods of teaching. Sobel(1954) used high 1Q ninth-grade students.
The task consisted of a seri s of algebra problems. The Discovery
noethod proved superior,  Pullerton's (1955) task was the learning, of
poltiplication Tacts, Treatments were Inductive vs, Bedoetive metliods

ot preseating the matervialb,  The nductive methiod proved suaperior on
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neasures of initial fearning, rcotention and transfer. 5s werce third
graders. Pincus (1956) compared a lote~!emorization method with an Under-
standing method but found no significant differences between the methods,

The peneral, though by no means universal, finding of these studies

appears to be that discovery uethods of iustruction are not supcerior to
rote or drill rethods when the ceriterion is inwediate learning or short-
tern relention, but becomes superior when the ceriterion is either lonp-

tern retention or transfer.  The findings of these studies do not
appear to he related to task or age of 8s.

Amount of Guidance

By far the largest group of studles reported have examined this
independent variable. Ewert and Lambert (1932) varied amount of
guidance using four treatments. Method 1 gave S the objectives of the
problems and rules of procedure. Method 2 also gave Ss objectives and
rules and, in addition, asked Ss to find one general principle
applicable to all problems. Method 3 gave Ss objectives, rules, and
general principles. Method 4 added a demonstration to the procedures
of Method 3. Results showed greater guidance to be most effcctive.
The methods, in the order of increasing superiority, were 1, 2, 4, 3,
The task had required the movement of discs among three cirgles.

The dependent variables in this study were time to criterion and number
of moves.

Stacey (1949) used sixth-grade Ss to compare the effectiveness of
{ive methods: two of which could be characterized as discovery methods
and three as authoritative methods. Amount of puidance varied among

the five methods, The task consisted of obimination ol one word that
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"did not belong' fronm a set of five words. Although the conclusions

drawn favored discovery methods and minimum guidance, few of the findings
reached a .05 level of significance.

Craig (1953) used a task similar to Stacey's. Ss were males, recent
college graduates who were being commissioned as sccond lieutenants in
the U.S. Air Force. Tour levels of guidance were used: zero clues
(Group 2); grouping of stimulus material to maximize discovery of
relationships (Group G); information that the stimulus material
was grouped according to some principle (Group GX); and a fourth treat-
ment where Ss, in addition to the receiving the information given to
Group GX, were told the grouping principle (Group GXP). Results
showed that number of errors to solution of the problem was iaversely
related to amount of guidance. Amount of transfer increased in
direct relationship to the amount of guidance. In a second study
Craig (1956) used two treatment groups with college Ss. The task
was similar to that used in the previous study. The treatments consisted
of either no clues (Independent Group) or a short general statement
of the relationship among the items (Directed Group). The directed
group was superior on a test of initial learning and on a retention
test administered 31 days later, but not on a retention test adminis-
tered 3 and 17 days after completion of the task. No differences
were found between the groups on a transfer test.

Kittel (1957) also utilized a task similar to Stacey and Craig's,
but with sixth-grade students. Three levels of guidance were labeled
Minimum, Intermediate and Maximum. The Intermediate Direction group

used in this study appears to be equivalent to the GXI' (Maximum dircction)




O

ERIC

Aruitoxt provided by Eic:

32

araup in the Craig (1953) study and the birected Group in the Craip
(1956) stud}. Resul ts showed the Intermediate direction group superior
on all measures of retention and transfer.

Corman (1957) alse varied amount of guidance using the Katona
matchstick task (Katona, 1940}, Twelfth-grade studeats vere fsoin
this study.  The cxperiment produced results showing a comples g0t
of interactions among meantal ability, kind of i{nformation given, and
dependent measures,

Haslerud and Hyers (1957) usced @ code declplicring and cenciphering
task, Ss were college students. Treatments were No Directions regard-
ing the code and spccific directions, The No Directions group was
found to be superior on a transfer task. The validity of the analysis
has, however, hecen disputed many times, e,g, Wittrock (1906), Cronbach
(1966).

Wittrock (1963) also examined the effects of viarying amounts ol
guidance on a discovery task. Using collepge 8s and a code deeciphering
task, he formed four groups, varying in degree of guidance: Rule
given, Answer given (RBugAg); Rule given, Answer not given (Redng);
Rule not given, Answer given (Ragdg); and Rule not given, Answer
not given (RngAng). On a test of immediate learning, the RonghAng
group had the poorest score. The other groups were not significantly
different. The Ragag and RgAngy groups were superior on retention and
Lraonsfoer tests, Wittrock interpreted this finding as evidence that an
interpediate amount of guidance produced superior performance on

retention and transfer,
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Forgus and Schwartz (1957) attempted to test the validity of
earlier Katona studies using a new 26-symbul alphabet. Female college
students served as §s in this study. Three treatments were uscd.

In Treatment O $§s were told the principle underlying construction of

the alphabet; in Treatment P Ss were told there was a principle and

were asked to describe it; and, in Treatment M Ss were asked to memorize
the alphabet., Both P and O groups, though not significantly differ-

ent from each othér, were significantly higher than group M on both
retention and transfer tests one week after training.

Kersh in two studies (1958, 1962) examined the effccts of guidance.
In the 1958 study, Kersh used three treatments: No llelp, Direct
Reference (Ss were glven perceptual alds), and Rulé Given. The task
consisted in verbalizing mathematical generalizations, and applying
them to new problems. Ss were college students. ‘The dependent
measures in which Kersh was interested were retention, transfer, and
heuristic S used to solve problems on a retest. The data faited to
support the hypothesis that the Direct Reference Group would be
superior on a test of retention and transfer. An additional finding
of interest was that among 13 Ss in the No Help group who failed to
discover the rule during the learning period, but who were retested
after four weeks, ten used acceptable methods. ‘This is in contrast to
the other treatment groups in which there was a decrease in use of
acceptable methods from test to retest. Kersh attributed this to a
differential motivation level as a function of treatments and con-
cluded that motivation was a more important factor than understanding

in the effects of discovery learning. Kersh's second study (1962)
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was designed to examine this motivational effect. The task was the
same as in the previous study but Ss were high scheol students.

Three treatments were used: Directed Learning, Guided Discovery,

and Rote Learning. Ss in the Directed Learnlng group were given
programmed booklets which presented the rules and explanations of the
rules. Ss in the Guided Discovery group discovered the explanations
under a Socratic method of teaching, and were presumed to be most
highly motivated; Ss in the Rote Learning group were apparently not
given an explanation of the rules. Results showed the Rote learn-
ing group to be superior on all measures to the other groups. The
Guided Discovery Group was superior to the Directed Learning Group

on all measures. Kersh's characterization of the Rote Learning
treatment is rather difficult to accept, however, and it is this author's
opinion that the Rote Learning group may, in fact, have been a 'pure"
discovery group.

Gagne and Brown (1961) assigned ninth~ and tentb-grade boys to
three experimental groups: Rule and Example (R & E), Discovery n),
and Guided Discovery (GD). The task consisted of learning several
mathematical series. The GD group performed sigrificantly hatter
than the D group and the R & E group; tihe D group, however, per-

formed significantly better than the R & E group.

This author finds it impossible to reconcile the results of the
studies just cited. One may find scme evidence for the superiority
ol nene, some, or much guidance., More studies shaw some guidance or
an intermediate amount of puidance to be move ellecetive in terms of

transier than none or g large amount.  Howvever, this is probably
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sonewhat misleading since it is probable that the kind of guidance

is at least as important as amount, For 1astance, Klausmeier and ‘i
(1968) have shown that providing a principle produces better lcarniu ..
In the Craig (1953), Craig (1956), Kittel (1957) and Wittrock (19n3)
studies, the groups which were given what could be called a priuncipte
performed best whetner their designation was maximum amount of guidinc
(Craiy 1953, 1956) or intermediate amount of guidance (Kittel 1957,
Wittrock 1963). 7This sugpgests tuat additional work necds to be done

varying tae kind of guidance as well as thie mmount of guidance.

tflects of Verbalizatjion on Uiscovery

Only three studies to date have cxamined this aspect of discovery,
tiendrix (1947) used high sclivol and college Hs and three treatments.
In Metitod 1 Ss were told tie principle, In Method 2 Ss were given a
series of problems leading to discovery of the principle, but were
not wisked to verbalize it, Method 3 regquired 5s to verbalize tne
principle, pifferences among thie groups were not significant, but
appeared to favor the non-verbalizing group. Schwartz (1948) cxamined
the importance of verbalization in concept formation and found
that even among most $s who learaed the concept and wiro could
transfer to another sortiag concept using the same principle, they
were unable to verbalize the principle they were usingj that unsuccess-
ful attempts at verbalization negatively affected performance on
subsequent tasks; and those who could verbalize the principle were
succvasful on subsequent tasks, Gagn; and Smithr (1962) used the
tirce-circle problem used by Ewert and Lambert (1932) and examined

the oifects of verbatization ind solutfion set (instractions to scarch
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for principle). Results showed no effects of solution set but the
verbalization groups were significantly superior on number of moves
and time to criterion. Not enough data is yet at hand to warrant
conclusions about the effect of verbalization on discovery learning,
In summary what the literature to date has slhiown is that dis~
covery lcarning is superior to rote learning on measures of long
term retention and transfer, hut not superior vn measures of ifmmedinte
acquisition. When the dimensions of amount of guidance and verbaliza-
tion are introduced, however, complex Interactions hetween stimili and
as yet undetermined variables appear to occur such tnat definitive

statements are unwarranted at this time.



Chapter 4

METHOD

This experiment was designed to Investigate thie eflects on retention
and transfer ol two methods of presenting sclected geometry concoepts Lo
sixth graders. The effects on retention were measured at three points:

] day after completion of the lessons, 11 days after completion of the
lessons, and 21 days after completion of the lessons. The effect on
transfer was measurced immediately after completion of Lhe tast lesson,
Assesement ot the eilect ol method of presentation an fmmed Fate aequi-
sition ol the selected concepts was also measared immediately alter
completfon of the lessons,

A pilot study was run to answer logistical questions regarding ad-
ministration of the lessons and test, pinpoint proklems in thce procedure,
and test for effects of the lessons. The methadology of the main study

was based on the results of the pilnt study.

Pilot Study

Subiccets

Ss vere 41 sisth-grade students at Poyactte Middle Schovol,  The

sarple contained two classes, one of 19 Ss and one of 22 Ss. Both

classoes had the sare teacoer for matheratics instruction.  None of the

8s had had previous contact with the concept heing presented as et

of schoel s fastractional progean,

O
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Procedure

Ss in each class were randomly assigned to one of five groups.
The groups were equivalent to proposed Groups 1, &4, 7, 10, and 13,
respectively, in the main study. Table 1 shows the Groups and lesson

and test sequence.

Table 1

Lesson and Test Sequence for cach Group in the Pilot Study

— - —
—— [

Day
Group 1 2 3 4 — b
1 intro Intro !, Quad ', Quad Test 2
Lesson | lesson 2 Lesson (B) 0 Lesson (D)
2 fntro ntro Y Ouad ', Quad Test 2
fesson | lesson 2 Lesson (18) Lesson (1)
3 Intro Intro Triangle % Quad Y, Quad

Lesson 1 Lesson 2 lesson (D) lLesson (D) Lesson (h) Test 2

4 Intro Intro Triangle 3 Quad ', Ouad Test 2
Lesson 1 Lesson 2 lesson (E) Lusson (E) lessan (1)

S Placebo Placedbo Ylacebo Placebo Test 2

— e ——— il . Bt i Al el M. il e —-— ————— e — e . S 4 i o bn ok A e a d— ———. -

Note: (D) Following a l2sson denotes that it was presented in the
discovery mode
(E) Following a lesson denotes that it was presented in the
expository rode
All Ss except those {n Group 5, the control group, were presented two
introductory geometry lessons. Group 1 was then presented a lesson on

quadrilaterals, administered in two parts on two successive days.

in the discovery mode. Croap 2 wvas presented a0 tesgson on gquadei dater al,

adndnistored in wo partis on two successive davs, in the expository

modes Ereap 1w presented a Lesson on tebangles (o the disaovery
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mode. Group 4 was presented a lesson on triangles in the expository

mode. This was followed by a lesson on quadrilaterals, again administercd
in two parts on two successive days, but in the cxpository aode. Group

5, the control group, received placebo lessons dealing with materials
unrelated to geometry. All Ss were éested 24 hours after completion

of the last lesson.

Materials
GEOMETRY LESSONS
INTRODUCTORY LESSON 1. This lesson introduced the concepts point,

line segment, line, ray, angle, right angle, acute angle, and obtuse

angle.

INTRODUCTORY LESSON 2, This lesson introduced the concepts closed

curve, simple curve, plane, polygon, parallel, adjacent, opposite,

and equal length. This lesson also demonstrated how the student
should use a ruler to identify angles and to check if lines werce
parallel. The format of Introductory lessons 1| and 2 was modified
linear programming which required the child to respond to questions

regarding the concepts introduced, with immediate feedback provided.

TRIANGLE LESSON (Expository and Discovery). Seven concepts were

introduced {n the lesson: tricngle, equilateral triangle, isosceles,

—— - —

acute amsle triangles T present cach coneept six examples were used,
four positive and two ncpatives The nepative exampies isolated the

relevant attributes and the positive examples the iveelevant attribates.
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Por example, the concept quadrilateral has one relevant
attribute which distinguishes it from other polvgons, that is that
it has four and only four sides. Size, shape, orientation, or
relative tength of the sides are irrelevant attributes. ‘The two
nepative examples (triangle and pentagon) focus attention on
muber of sides in that all positive examples have lour sides white
the nepat ive examples have three and FPive, respectively,  The Toar
positive examples vary on the dimensions of size, shape, vrienta-
tion and rvelative length of sides indicating the non-relevance
of these dimensions to identification of the concept. The
sequence ol positive and negative instances was the same for
each concept, f.e., +, -, +, -, +, +,. The coacepts were prescnted
in this manner and sequence in both the expository and discovery
lessons., The difference between the lessons lay ia the statements
accompanying each example. In the expository lesson cach example
was accompanied by a statement such as this, "look at this figure.
Note that side AB is equal to AC; AB is 1'"; AC is 1"." In the
discovery lesson each example wns accompanied by a statement such
as this "Look at this figure. Measure side AB. Measure side AC,

What do you find?"

QUADRILATERAL 1.E€ .ON (Expository and Discovery). Seven concepts

were introduced in this lesson: quadrilatera], rhombus, psrallel-

ogram, trapezoid, rectangle, square, and kite. The manner of intro-

ducting each concept and the number and scequence of cxamples was
cxactly as described above for the triangle lessons,  Flie ifler=

oice hetween the discovery and cxposilory made of prosent fage Hiwe
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material was the same as that described for the triangle lesson.

Placebo Lessons
LESSON 1. This lesson explained the formation of Roman numerals

for the numbers 1 through 1100,

LESSON 2. This lesson introduced the numeration system in base

10 for numbers having up to seven digits.

LESSON . This lesson presented the commutative and assoeciative
propertics and the identity elenent in addition and multiplication.
[LESSON 4. This lesson presented subtraction as the inverse ol

addition and explained the regrouping process fn subtraction.

Tests
TEST 1, This test was smbedded in the lesson on quadrilaterals.
The {tems, multiple choice items taken from a test developed by
Frayer (1969), were presented immedfately upon conpletion of the
material dealing with cach concept and referred to that concept
only. Five item types, one question per ftem type lTor the cach

of the concepts quadrilateral, rhombus, parallelogram, trapczoid,

rectangle, square, and kite, constftuted the test. Item type |
required recognition of an attribute example, given th: attribute
name; type 3 required recognition of a concept example, given

the concept name; type 5 required recognition o1 the concept name,
given an example; tvpe 9 required recognition of the concept

definftion given the concept name; and, type 1O required recogp-

nition of a supraordinate conceply given the concepl name.  This
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test was designed to measure initial acquisition of the concepts.
TEST 2. This test was administered 1 day after compnletion of the
lessons in order to measure retention of the concepts. The

items on the test were similar to those on Test 1, but required
production of the answers. 1Items were selected from a test
developed by Frayer (1969). Both Test 1 and Test 2 contained

thirty-five items.

Design

The pilot study included five trcatment proups.  These proups
were defined by chie lesson sequences noted in Table L. fllass yas in-
c¢luded as a blocking tactor in the design. 55 were therctore randonily
assigned to treatment group within class. The dependent varifables

were the total scores on Test 1 and Test 2.

OQutcome of the Pilot Study

Detafled results of the pfilat study wiil be reported in Chapter
5. The following summary is presented as a background for the changes
in methodology effected in the main study.

1. The quadrilateral lesson alone was Insufficient to produce anv
effect. Croups 1 and 2 were not siguificantly diffcrent from the
control group (Group 5),. Additional cxamples for cach concent were
therefore fncluded fn the lessons uscd in the main study.

2, Guperior performance of both groups which received the triimgple
lessons (Groups 3 and 4) sugpested that additiounal interactfion with

this kind of material is important. This reinforced the decision to

add additional examples to the quadrilateral lesson.
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4. An analysis of Test 2 by concept and item type as shown in
Figure 1 indicated that not all concepts or item types discriminated
between treatment groups. It appearcd that the control group was
sufficiently familiar with the concepts squarc and rectangle to render
these concepts nondiscriminating. The concept kite was too difficult
for all groups and was therefore nondiscriminating. This precipitated
the decision to darop these concepts from the main studv. Item tvpes
9 and 10 appeared too difficult for all groups. ltem type 10 was
dropped from the tests in the main study. Item type 9 was retained
as insurance apaiast ceiling offects,

A, The tronstor groups (Groups 3 amd A4) shoved no elleet ol
transter o Test 1, The test of immediate aequisit ion when compite o
with the control group. The differences showed up on test 2, 24
nours later. It was not possible to determine vhether this was a real
effect or an artifact resulting from the use of tests which were uot
parallel. This finding led to the decision to make Test | and Test 2
parallel so that some judgment mipht be made should such an e¢ffect
aspear in the main study. This result also led to the decisioun not
to use Test 1 as measure of transfer, but to usc instcad Test 2
administered immediately after completion of the last les o,

5, e tinding that theee was no dif ference amony proups on
Test 1 owas noted with some relief, since it is well known (Underwood,
I904) that ditfercices in depgree of initial teaming tead to pre-
dictable difforerces In retention scores.  Based on results ol the

pilot study. {t was expected that the level of initial leaming would

not differ among greups in the main study.

O
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Square X
Rectangle x
Rhombus X X X
(o]
o,
] Parallelogram x X X
&
© Kite X X
Trapezoid X x x
Quadrilateral X X x
1 3 6 9 o T
{Com Type
Fig. 1. Analysis of lest 2 by Item type and concept indicating i1cms

which discriminated among groups. (An item was considered to discrim-
inate among groups if one group had three more incorrect ftems than

any other group. )

Main Study

Subjects

Ss were 256 sixth-grade students from six Stevens oint,
Wisconsin schools. FEleven classes which had had no prior training on
the concepts being presented were used, The initial sample consisted
of 300 Ss. 43 Ss were lost through absence from one or more of the
lessons, or from the final test. One S was lost because he re-
ceived an incorrect sequence of lessons. Thus, 256 remained and the

results are based on the data from these 256 Ss. Tables 2 and 3 show

the distribution of Ss by school and treatment condition.
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Procedure

Ss were randomly assigned within school to the 15 treatment
groups., Experiment 1, which dealt with the effects of method of
presentation on retention, had nine groups. Ss in Groups 1 to 6
were given two iuntroductory geometry lessons. Groups 1, 2, and 3
were then presented lessons on quadrilaterals in the discovery mode;
Greup 1 was tested 1 day after presentation of the last lesson,
Group 2 was tested 11 days afterwards, and Group 3, 21 days after-
wards. Groups 4, 5, and 6 were presented lessons on quadrlilaterals in
the expository mode, Group 4 being tested 1 day later; Group 5
11 days later; and Group 6, 21 days afterwards. Groups 7, 8, and 9,
the control groups, received placebo lessons on materials unrelated
to geometry and were tested at the same times as the l-day, ll-day,

and 21-day groups above,

Experiment 2, which deait with the effects of method of presen-—
tation on transfer and initial acquisition, had six groups. Ss in
Groups 10-15 were given two introductory geometry lessons. Groups
10 and 11 were then presented a lesson on triangles in the discovery
mode; following the triangle lesson, Group 10 was presented lessons
on quadrilaterals in the discovery mode, while Group 1l was presented
lessons on quadrilaterals in the expository mode. Groups 12 and 13 were
presented a lesson on triangles in the expository mode; following the
triangle lesson, Group 12 received lessons on quadrilaterals In the
discovery moda, while Group 13 received lessons on quadrilaterals in
the expository mode. Groups 14 and 15, the control groups for the

transfer experiment, did not receive lessons on triangles; Group 14
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received lessons on quadrilaterals in the discovery mode and Group 15
received lessons on quadrilaterals in the expository mode. Groups
10 tirough 15 were tested immediately on completioniof the last
lesson, Tables 4 and 5 show the group, and lesson and test sequence
for each of the treatment groups.
All materlals were pre-packaged by day, school, and class with
Ss' names on the booklets to insure correct scquence of lessons.
The procedure for each lesson was as follows, The proctor distri-
buted pencils, rulers and booklets. Instructicns concerning pro-
cedure to be followed in completing the lessons were given and &lfficult
words In the lessons, listed on the opening page, werne pronounced
for the class. Students were then instructed to record the startiug
times and commence work. After S had completed the lesson, h. worked
at his desk on an assignment given by his teacher until all Ss had
completed the lesson, Booklets, pencils, and rulers were then collected.

Instructions for the lessons and test comprise Appendix B,

Two proctors were used. E proctored the lessons in two classes
each at Roosevelt and McDill, and one class at McXinley school. A
substitute teacher from the Stevens Point sichool system proctored the
lessons in two classes each in Emerson, Madison, and Washington
schools. Since the experiment was belng conducted In hoth groups of
schiools at the same time, B could not monitor the proccedures used
by the substitute teacher., A check by an independent observer wis,
thevefore, made to insure uniformity of the procedures being used.
Procedures were adjudged by the observer to be uniform across

schools and proctors.
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Material

Geometry Lessons.
INTRODUCTORY LESSONS 1 AND 2, These were the same as the intrnduc-
tory lessons used in the pilot study with minor modifications. The
concept adjacent was dropped from Intfoductcry Lesson 2 sinc: the
concepc kite for which it was a prerequisite was dropped from the
quadrilateral lessons. Modifications were made in the wording of
items where data from the pilot study suggested ambiguity or
confusion. Therefore, in this study Introductory Lesson 1

introduced the concepts point, line segment, line, ray, angle,

right sngle, acute angle, and obtuse angle. Introductory lLesson

2 introduced the concepts closed curve, simple curve, plane, polygon,

parallel, opposite and equal length. The lesson also demonstrated

how the student should use the ruler to identify angles and to
check 1f lines were parallel. The format was modified linear
programming, requiring the child to respond to questions regarding
the concepts introduced, with immediate feedback provided.

TtIANGLE LESSON. With the exception of minor modifications in word-

ing, and the removal of the concept scalene triangle to reduce lesson

time, this lesson was exactly like that used in the pilot study. Con-

. cepts presented in this lesson were: triangle, equilateral triangle,

isuvsceles triangle, right triangle, obtuse triangle, and acute angle

triangle. As in the pilot study, six examples were used, four posi-
tive and two negative. The examples were scquenced as follows: +, -,
+, -, +, +. The expository lesson again stated the attributes of the

concept, while the discovery lesson dircected the student to look at




52
the examples aud asked him to produce attributes.

QUADRITLATERAL LES50N. Dased on the findings of the pilot study,
this lesson underwent the most change. Three of the concepts
used in the pilot study were found to be either toc easy or too
difficult and were eliminated. The failure of students recciving
this lesson in the pilot study to achieve a higher score than

the control group, coupled with the finding that the proup re-
ceiving the additional triangle lesson performed significantly
Letter than the control grcup gave rise to the hypothesis that
there was Insulficient interaction by students In the retention
groups with this type of material. It was, therefore, decice!

to double the number of examples., Consecquently, only four concepts

were introduced in this lesson: quadrilateral, rhombus, parallel-

ogram, and trapezoid. The concepts quadrilateral and rhowbus were
presented first using six examples, {our positive and two negative in
the following sequence +, -, 4, ~, +, +. After the two concepls were
prosented in the above {ashion, the first concept was presented agaln
uslug six exawples In the sequence +, -, +, ~, by =, but using differ-
ent czxamples from those in the [ivst sequence.

The negative exauples isolated the relevant atlributes, while the
positive examples Isolated the itrrelevant attributes as described
for the pilot study lessoas, Thus a total of twelve cxamples of cach
concept wvas used.  The concepts were presented in this manner
and sequence fn both the expository and discovery lessons,  The
dilfereuce between the lessons lay In the statements accompanying
cacie examples lan the expository lesson each example wias accompan icd

by o statement such as this:  "Look at this [igure. Hote that side
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AL is equal to AC; AB is 1"; AC is 1", In the discovery lesson each
exampie was accompanied by a statement such as this; 'Look at this
figure. Measure the side AP Measure the side AC. What do you {ind?"
LFach lesson also contained an embodded Lest as described below,
The quadrilateral lesson was again presented [n two parts to all
groups. ‘lThe first part presented the concepts quadritateral nnJ
rhombus, the second presented the concepts parallelogram and
trapezoid, in the same manner as that described for quadrilateral
and rhorbus.

The lessons were prescnted in prepared booklets similar to
those uéed in Introductory Lessons 1 and 2, except that in lessons
1 and 2 questions were asked during the presentation of the con-
copt and immediate fecdback piven. In the triangle and quadrilater-
al lessons, the oxpository lessons contained no questions. he
discovery lessons contalucd questions but provided no feedback
curing the lesson.  Feedback was provided to two genceral questions
at the end of the presentation of each concept. Appendix C
contains the concept parallelogram presented in both the discovery
and expository modes.

Placebo l.essons

LESSON 1. This lesson explained the formation of Roman numerals

for the numbers 1 through 1100,

LESSON 2. This lessonr introduced the numeration system in base

10 for rambers having up to seven diglts.,

LESSON 3. This losson presented the commutative and assoclative

properties and the 1dentfty element in addition and multiplication.
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LESSON 4, This lesson presented subtraction as the inverse of

addition and explained the regrouping process in subtractiom.

lests
EMBEDDED TEST (Test E). This test was a production test which
required S to produce a word or a definition or complete a figure,
Five types of items were used, type 1 requirced production of an
attribute example, given the attribute name; type 3 required pro-
duction of a concept example, given the concept name; type &4
required production of a concept non-ezample, given the concept
name; type 6‘requ1red production of the relevant attribute,
given the concept name; and type 9 required production of the
concept definition, given the concept name. For each concept,
there was one Item each of types 1, 6, and 9, two items cach of
types 3 and 4 for a total of 28 ftems. The tunction obf Test L
wils Lo prov..ice a measure of original learning for Groups 1-9,
Although it was not logically required for Groups 10-195, it was

administered in order to give them a comparable sct for later testing,

QUADRILATERAL TEST (Test Q). This test was a multiple--clioice Lest
administered to Ss in all treatment groups. ‘est O was parallcl

to Test E, in content, item types, and number of items (28), hut
required recognition rather than production of answers. Jsychomet-

ric characteristics of this test are reported in Chapter D,

txperiment 1. The design of this experiment was a 3 X 13

factorial vith three types of lessons (discovery, cexpository,
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and placebo) and tiree retentlon intervals (1 day, 11 days, and

21 days)., This design is fllustrated In Table b,  School was

included as a blocking factor. 8s were, therceflore, randomly

assigned to treatrnient within school. The dependent variable was

the total score on Test Q. Covariates were the score on Test I

1Q, and the math achievement score of the lowa Test of Basic Skills,
Table 6

Experimental Design of Experiment 1

Independent Variables

_ Type of l.csson _Retention Interval L
(uadrilateral Lesson (D) 1 day
(Discovery) 11 days
21 days
Quadrilateral Lesson (E) 1 day
(Expository) 11 days
21 davs
Plicebo Lesson 1 day
11 days
e R days

Experfment 2. ‘The design of this experiment was a 3 x 2 factorial
with three types of initial lesson (trianglc lesson-discovery,
triangle lesson-expository, and no trianpgle lesson) and typus of

subsequent lesson (quadrilateral lesson-discoverv and quadrilateral
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lesson-expository). This design i3 illustrated in Table 7. School
was included cs a blocking factor. Ss were, therefore randomly
assigned to treatment within school, The depende:r : variable was the
total score on Test . Covariates were the score on Test E, 10, and

the math achievement score of the Icwa Test of Basic Skills,

Tabtle 7

Experimental Design of Experiment 2 )

independent Variables

Initial Lesson Subsequent Lesson

Triangle Lesson (D) Quadrilateral Lesson (D)
&

(Discovery)

Triangle Lesson (D)

(Discovery)

(biscovery)

Quadrilateral Lesson (E)

(Expository)

Triangle Lesson (E)

(Expository)

)

e

Triaugle Lesson (I

(Lxpository)

- ——

No Trfangle Lesson

No Triangle lesson

Quadrilateral Lesson (D)

(Discovery)

Quadrilateral lesson (1)

(I’xpository) T

L7

Quadrilateral Lesson (D) -

(Discovery)

Quadrilateral Leasson (1)

(Expository)
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RESULTS

Pilot Study

One dependent measure, the total scove on Test 2, was ebtained
for cach 3, Table 8 shows the number »f subjects, and means and
standard dJeviations tor scores on Test 2 of cach treatnent group wltlin
cach class.  Figure 2 sheows the mean total score on Test 2 as a func-
tion of treatment condition., Analysis cf varlance of the scores on
Test 2 indficated that the performance of both Groups 4 and 5
(transfer groups) was significantly better than the control group.
The average score of Groups 4 and 5 was signfficantly better than
the average score of Groups 1 and 2, indicating a pusitive transfer
effect as a function of the presentatio: of the prior lesson. Ho
other compariscins were significant. No class effect was noted, and
there was no class by treatment interaction. Kesults of the analy-
sfs of variance of scores on Test 2 ave presented o Table 9. No
difference was found among experimental groups when the medasute used
was score on Test L. The control group could not he compared with
vxperimental groups on this measutre since Test | was not cmbedded in

the Placebo lessons.
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Main Study

Three scores were obtained for each S; the total score on Test Q,
an 1Q score, and a math ability score, the latter two to be used
as covariates. A fourth score, the score on Test £, was obtained for
all Ss except those in groups 7, 8, and 9, who received placcbo
lessons.

Psychometric Characteristics of Test Q

Data for 256 Ss who completed all lessons and Test @ were
used to determine the psychometric characteristics of Test Q which
are reported in this section. The test was analyzed by the Fortran
Test Analyses Package (Baker & Martin, 1968). Statistics were con-
puted both within and across schools. Table 10 shows the number of
sub jects, mean score, standard deviatioﬁ. range, standard error of
measurement and lloyt reliability extimates (Hoyt, 1941) for Test Q

scotes within and across schools,



Table 8

Number of Subjects, Means, and Standard Deviations
of Total Scoras on Test 2 _
by Treatment Group ana vy Llass for tne Pilot Study

Treatment Groups

Class 1 2 3 4

5

13,00 13.33 - 22,50 21,25 11.00

1 (4.00) (3.51) (8.96) (7.18) (4.64)
N=3 N3 Ne4 NeA N4

18.00 15.75 21,75 15,50 16,00

2 (6.22) (3.69) (4.99) (4.20) (6.90)
Ne4 N=4 Ns4 _N=4 Ne5

Note.-Standard deviations are given in parentheses,
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TABLE 9

Univariate Analysis of Effect of Presentation Method on Scores of Test 2 in the Pilct Study

. s — —— - —— —

Source df MS F
Class 1 1.1524 0344 p < .85
1+2vs. 344 (Qvs. TQ)° 1 162,87 5.45 p < .03 A
1 vs, 2 1 4.57 0.14 p < .72
Jvs. 4 1 56.25 1.68 p < .21
Interections 3 40,04 1.20 p < b
Control ve, Treatments 1 56.00 1.67 p < W25

Removing Class

Error (Within Treatment only) 22 33,49 -- ~-

8 ? = quadrilateral lesson enly; 10 = Trianple lesson followed by quadrilateral lesson.

#r0f nificant at or bevend the .05 level ¢f sicaificance chosen.




Table 10

Psychometric Characteristics of Test G Within and Across Schools

School Number of Mean Score Standard Range of Standard Evror  hoyt
Subjects Deviation Scores? of Measurement Reliability
) 34 13.53 5.29 5-217 2.28 . 81
2 50 16.20 6.15 5=27 2.24 . 86
3 57 10.86 4.05 5-27 2,34 65
4 52 12.83 6.01 4-28 2,217 .85
5 46 12.17 5.55 5-27 2.29 . 82
) 17 13.18 6.29 6-27 2.26 . 86
Total 256 13.05 5,73 4-28 2.29 .83

8ighest possidle score was 28,
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Analysis of Data

All analyses of variance and covariance were carried out using
Finn's (1968) Multivariance or Multiple Regression [Regan 1] (Guha 1966)
computer prograw., The dependent varfable for all analyses wvas total
score on Test €, Covarlates were 19, arfthmetic ability score and
total score on Test Ko Since the number of 855 in the cells variod,
the desipn iy non-orthogonal.  Because of this, the ofleets are not
Indepeadent and are estinated in stepwise fashion,  The effects of
preatest Interest are ordered last so that anblasced cestinates may

be obtained.

Experiment 1

Experfiment 1 examined the effects of two tethods of presenting
peometry lessons and of presenting material uarelated to grometry
on Test Y scorves, as a function of a 1~, 11~ and 2!~day rctention
intervals., This experiment fncluded nine treatment groupst Groups 1,
2, and 3 in which 8§83 received lessons in the discovery mode and
were tested at 1, 11, and 21 days, respectively; Groups &, 5,
and 6 in wh'ch Ss received lessons in the cxpository nude and were
tested at 1, 11, and 21 days, respectively; Groups 7, 8, and 7 in
which Ss received placebe lessons and were tested at 1, 11, and 21
days respectively. The number cof subjects, means, and standard
deviations for cach of the nine trcatment conditions within ecach
school are prescuted in Table 10, 11, and 12, Figure 3 shows Lhe

conmbined mean total score on Test @ under cach tecatment as a function
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of retention interval. Heans for the discovery group increased as a
function of Lime, while weans for the ekpository groups decreased as
a_function of ttmc.. Both cxpository and discovery groups performed
better at each rcténtion 1nter9u1 than ghc control group. The number
of subjects and the estimated combined means fore ach treatment group

and for each school are shown iIn Table 13,




Table 11

Number of Subjects, Means and Standard Deviations of
Treatment Groups 1-6 Within Each School

Treatment Group

TeTTTOfscovery T T T T T Txpository
1 cay 11 <av <) fay iy i1 day <1 “ay
School 1 2 3 4 5
15.00 1¢.00 18.33 12.50 11.50 9.00
1 (0.00) (2.82) (6.11) (6.36) (¢.19) (2.82)
Nu2 Ne2 Ne3 N=2 Ne2 Ne2
12,00 12,75 20.00 19.25 13.75 25.50
2 (5.57) (6.07) (6.98) (5.12) (5.31) (2.12)
Nel Yimh Ned Ne{ Nef Nea2
10.00 12,50 11.25 10.20 8.50 10.00
3 (2.45) (3.11) (2.75) (3.77) (1.29) (4.24)
KEL \=4 N=i Ne$ Ned Neg
12.50 9.75 20.67 14.00 18.00 11.00
4 (2.08) ().99) 4.51) (9.85) (6.98) (4.24)
Ned Nead N«3 \=3 =4 \=/
8.00 9.30 7.33 19.50 21.67 10.33
3 (0.00) {2.138) (3.21) (0.71) (2.52) (1.15)
Ne2 N=d Ne3 Ne2 Ne3 Ne}
12.00 6. 11.00 12.00 0.00 19.90
6 (0.00) (0.00) (5.66) (0.00) (0.00) (0.00)
Nel =] Ne2 Nel \=Q Ne]

Note.-Standard deviaticns are given in parenthesis.
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Table 12

Number of Subjects, Means and Standard Deviations
of Treatment Groups 7-9 Within Each School

Treatment Croup
Contral group

I .ay 1t day N lay

School 7 8 9

9,67 9.33 13.13

1 (5.03) (3.51) {2.08)
N=3 N=3 N=3

13.75 13.00 15.50

2 (6.85) (1.41) (4.36)
N=4 N=2 Ne=4

7.00 9,75 12.75

3 (1.00) (3.20) (4.35)
N=3 N=4 N=4

7.50 7.25 8.50

4 (2.65) (4.57) {2.38)
N=4 N=4 Ne4

8.75 7.33 8,50

5 (2.63) (1.53) (4.95)
N:ﬁ N=3 N=2

10.00 7.00 0.00

6 (0.00) (1.41) (0.,00)
N=1 N=2 N=0

Note.-Standard deviations are given in parentheézs.
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Table 13

Number of Subjects and Combined Mean Total Scores on
Test Q by Treatment Group and by School

Treatment Groupa

Discovery _ Expository Controul
1 day 11 day 21 day 1 day 11 day 21 day 1 day 11 day 21 Jay
1 2 k| 4 5 6 7 8 Y

12,29 10,58 14.90 14.93 14,35 12.9) 9.17 9.02 11.65

=16 H=19 N=1Y Nel? N=17 N=16 N=19 N=18 N=17

School
i 2 3 4 5 6
12.82 15.75 10.15 11.98 11.73 10.79
N=22 N=31 N=36 N=34 N=26 H=9

l'_ I3 -
Treatment means were oblained by averaging school means within cacls
treatment, giving cqual weight to each school and thus remaving Lhe
effect of uncqual aumdbers of students within cach school,
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An analysis of variance was performed on the data summarized above.
fhe results of this analysis are shown in Table 14. The following
comparisons were made with effects as noted. Performance on Test (
of4hoth discovery and expository groups comblned was compared with
performance of the control group over all retention intervals. ‘This
test was made to determine whether or not any learning was cf fectad by
the learninyg materials. Treatment groups performed signiflcantly better
than control groups indicating that Ss had learned from the prepared
materials, Performance of the expository and discovery groups was
compared to determine differential effects of presentiation method. Con-
sidered ever ail retention intervals, the performance of the expository
group was significantly better than the discovery group. ‘'The inter-
action of discovery and expository group and retention Interval was,
however, also significant. This would indicate that method of prescn-
tation did significantly affect the retention of the lesson material, the
expoesitory method effecting a net loss over time but the discovery method
resulting in a net gain. The effect of retention interval alone was nol
significant. This was probabiy due, however, to thc¢ facl that scores
increased for the discovery group,; decreased for the expository group and
gained slightly for the control group. When these scores are combined
at cach retention interval, tlie means become almost the same at each
retention interval and the null hypothesis was, thercfore, not rejected.
There was no interaction of discovery expository and control groups with

retention interval.
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There were a number of effects due to school. The effect of
school was significant, as were interactions of school X treatment
condition and school X retention interval. Because of two empty
cells in Schcol 6, data from this school were not analyzed with
that from the others. The procedure used was to compare the effects
in school 6 with the total effects in the other tive schools., This
procedurc uecessitated assuming one school X treatment interaction
(school 6) to be zero. No significant effect speciflic to school 6
was found. Effects involving school were removed from the model

before testing of other treatment effects.
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Table 14

Univariate Analysis of Variance for Effect of
Presentation Method on Scores on Test Q

Source of df MS F-ratio Probability
Variation
Schools 5 123.81 6.59 <. 0001 #**
School X Treatment 23 37.29 1.98 <.025 #*%
Conditionsg3
School X Treatment 8 49.18 2.62 <.01 *k
School X Retention
Interval 8 44.71 2.38 <.02 *%

School X Retention

Interval X Treatment 17 28.20 1.50 <.11
Treatmeut vs. Control 1 174.30 9.27 <. 0005 *%*
D vs, B 1 99.17 5.28 <.01 *k
Retention Interval 2 7.16 0.38 <.68 k%

Treatment vs. Control

X Retention Interval 2 10.88 0.57 >.05 *%
D vs. E x Retention
Interval 2 111.64 5.94 <.0)5
Residual (Specific to
School 6) 4 28.47 1.51 <.20 *k
Error 105 18.80 -

dBecause of missing cells, certain school by treatment interactions
were assumed to be zero. All missing cells occurred in school 6.
One interaction was assumed now-zero in that school.

** significant at or beyond the .05 level chosen.
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An analysis of covarlance with score on Test Q as the dependent
measure and scores on Test E, arithmestic ability, and IQ as covariates.
Results of the analysis of covariance are shown in Table 15, Use of
Test E as a covariate excluded groups 7, 8, and 9 from the analysis
since Test E was not embedded in the placebo lessons. The score on
Test F was used as a covariate since it is well-documented in the
psychological literature (Underwoud, 1964) that degree of original
learning affects rate of forgetting. One method of attempting to
statistically equalize degree of original learning is to remove effects
of original learning, as measured by Test E, from the model prior
to making a test of retention effects. This procedure was followed
here.

All of the covariates are hiphly correlated with one another as
might be anticipated. It was expected that the covariates would be
relatively highly correlated with school, and might, therefore, re-
duce the school effects in the analysis. This did not prove to be
the case, however.

IQ was not related to either school or treatment condition.

The overall relation of the arithmetic ability score to schools and
treatment was not significant. Test E scores were associated both
with D vs. E and schools. Inclusion of the three covariates did
reduce the sums of squares artributable to schools and school x
treatment interactions but did not eliminate thesc effects altogether,

since both were significant even with the covariates in tie model.
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Table 15

Univariate Analysis of Covariance for Effect
of Presentation Method on Scores on Test Q

Source of
Variation df MS ¥ ratio Probability
Mean 1 -
Schools 5 95.47 7.06 <,0005 **
Covariates
Linear-Total 3 382.66 28.31 <.0005 *=*
Math & 1IQ 2 428.50 31.70 <,0005 **
Test E 1 291.00 21.53 <,0005 #**
School X Treatments® 24 29.77 2,20 <,025 *%
Covariates - Non Linear 6 11.06 0.82 <.25
(Treatments Total 5 47.05 3.48 <.025)
D vs. £ x Retention
Interval (Total) 2 72.16 5.34 <,01 kA
Non Linear 1 32.23 2.38 <.15
Linear 1 112.10 8.29 <,01 *k
Retention Interval
Total 2 15.47 1.14 >.1
Non Linear 1 27.93 2.07 >, 1
Linear 1 3.01 0.22 >.1
D vs. E 1 59.98 4,44 <.05 &%
Covariates X Treatments 15 15.49 1.15 <.5
Residual (for error) 45 13.52 - -

ATo make treatment effects estimable one treatment X school inter-
action (School 6) was assumed zero.

**significant at or beyond the .05 level chosen.
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Results of the analysis of covariance confirmed the findings of
the analysis of variance., Performance on Test Q of discovery and ex-
pository groups combined was compared with performance of the control
group over all retention intervals. Treatment groups performed signl-
ficantly better than control group confirming that Ss had learned from
the prepared materlals. Performance of discovery and expository groups
was compared to deteimine differential effects of presentation method.
Considered over all retention intervals, the performance of the exposi-
tory group was significantly better than the discovery group. ‘the
interaction of discovery and expository groups and rctention interval,
was ialso significant, again indicating that method of presentaion signi-
ficantly and differentially affected the retention of the lesson material,
The effect of retention interval alone was not significant, agaln proba-~
bly due to the increase of the scores of the discovery group being can-
celled by the decreasing scores of the expository group. There was
again no interaction of discovery, expository and control groups with
retention interval. School effects and school x treatment interaction
were significants as were the effects of each of the three covariates.
A test for inte.caction of covariates with treatment was not signifi-
cant. Effects were removed from the model in Lhe order listed in 7Table
14 with the effects of intevest being removed last.

Lxperiment 2.

This experiment was performed to assess the clfect of prescenting

a lesson on triangles in elther the expository or discovery mode on
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learning of a subscquent lesson on quadrilaterals presented in the
expository or discovery mode. Leatrning was weasured by the scorc on

Test Q. The design Included six treatment groups (see Table 5) as
follows. 1n Group 10 §s received a lesson on triangles in the dis:

covery mode followed by a lesson on quadrilaterals, In the discovery

mode (Group LD), Tn Croup 11 S8s received a lesson on triangles in the
discovery mode followed by a quadrilateral lesson in the expository mode
(Group DE),  In Croup 12 85 rccoivgtl A lesson on trimmgles in the ox-
pository mode followed by a quadriteral .]vs:s(m in the discovery mode
(Croup L) followed by a gquadrilateral lesson also in the expository wmade,

(Graup LD), 1n Croup 13 Ss receiv:d a triangle lesson in the expository mode,

followed by a quadrilateral lesson also in the expository mode (Group
EE). Group 14 Ss received a lesson on quadrilaterals only, in the
discovery mode (Group D), and Group 15 received a quadrilateral in
the expository mode (Group E). No effects of transfer were found.
Table 16 lists the number of subjects, means, and standard deviations
for each treatment condition within each school. Table 17 presents
the combined means for ecach treatment and schioel,  Figure 4 shows the
mean scores on Test § for cach treatwent condition,  Exuwiuation al
this tipgure suggests that presenting a lesson in the discaovery e
first, produces negative transfer when the scecond lesson was In the
discovery mode, but positive transfer when the sccond lesson was in
the expository mode, Presenting a lesson In the expository mode

first appearcd to produce positive transfer when the sccond lesson
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was also in the expository mode but negative transfer when the seccond
lesson was in the disvoery mode, Nowe of the transfer effects werc
significant, however on an analysis of covariaunce.

An analysis of covariance was run with score on Test  as the
dependent measure and scores of Test E arithmetic abilfty and 1Q as
covariates, Results of the analysis of covariance are shown in Table
18. These results showed a significant school effect, and a significant
effect ofthe covariates. School X treatment and Covariate X Treatment
interactions were not significant, Tests were made for transfer cffects
(0h=D and EE-E), and interference effects (ED-D and DE-E)., Neither
test was significant at the chosen alpha level. Teste (or Interaction
between transfer and method of presentation, and between lntvrfu;vncu
and method of presentation were also not signiflcant.

A t test was performed on the means of groups l4 and 15 to examine
the effects of discovery and expository methods of presentation on
immediate acquisition. The difference was not significant at the

.05 level.



Table 16

Number of Subjects, Means, and Standard Deviations of

Treatment Groups 10-15 Within Each School

School 10
No.
22.00
1 (0.00)
N=1

10.00
2 (7.01)
N=2

8.75
3 (1.71)
N=4

15.67
4 (4.16)
N=3

7.75
5 (2.50)
N=4

6.00
6 (0.00)
N=1

Treatment Group

11

16.00
(1.41)
N=2

19.00
(4.00)
N=3

13.33
(4.16)
N=3

10.50
(6.36)
N=2

15,67
(0.58)
N=3

18.50
(9.19)
Ne2

12

14.00
(0.00)
N=1

14.67
(6.51)
N=3

11.25
(3.95)
N=4

17.33
(7.23)
Ne3

13.00
(2.83)
N=2

13

19.00
(11.31)
N=2

20.00
(4.69)

N=4

12,00
(5.20)
N=3

13.00
(3.46)
N=3

12.67
(4.16)
N=3

27.00
(0.00)
=1

14

14.00
(4.36)
N=3

12.67
(4.04)

10.33
(2.89)
N=3

14,00
(7.00)
N=3

14.25
(6.55)
N=4

20.00
(0.00)
N=1

15

11.33
(3.21)
N=3

19.50
(8.54)

15.25
(9.29)
N=4

16.00
(7.39)
N=4

16.00
(7.53)
=4

10.00
(0.00)

Note.-Standard deviations are given in parentheses.




TABLE 17

Number of Subjects and Combined Mean of Total Scores
on Test Q for Treatment Groups 10-15 and for School

Treatment Groupa

10 (pD) 11 (bE) 12 (ED) 13 (EE) 14 (D) 15 (E)

12.19 15.50 13.79 17.28 14.21 14.68

N=15 N=15 N=15 . N=16 N=17 N=20
School

1 2 3 4 5 6

16.06 15.97 11,82 14,42 13.14 16.25

N=12 N=19 Ne21 N=18 N=20 N=8

8Treatment means were obtained by averaging school means within each
treatment, giving equal weight to each school and thus removing the
effect of unequal numbers of students within each school.
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TABLE 18

Univariate Ahalysis of Covariance for Effects
of Transfer Lessons on scores on Test Q.

Source df MS ¥ ratclo Probability
Schools 5 61.18 2.92 p.o.05
Covariates 3 487.18 23.23 p..0001
Schools X Treatments 24 10.05 0.48 p-.95
Covariate X Treatments 15 17.97 0.86 pe.75
X DE X Interference 3 13.88 0.66 p<.75
X DE X Transfer 3 29.49 1.41 : P<.5
X DE 3 9.68 0.46 p<.75
X Interference 3 14.73 0.70 P<.25
X Transfer 3 22.17 1.05 P<ed
Treatmeilits
DE X Interference 1 18.14 0.86 P<.5
DE X Transfer 1 20.47 0.98 P«s5
D vs. E 1 38.71 1.85 p<.25
Interference 1 12,26 0.58 pPe:d
Transfer 1 2.67 0.13 p-.72

Error (Residual) 44 20.97




Chapter 6

DISCUSSION & CONCLUSIONS

Discussion

These experiments were performed to determine the differential
effects on immediate acquisition, retention, and transfer, of two methods
of presenting gecometry concepts to s h graders. The findings of the
experiments indicated that Ss given the material under either method
of presentation performed I ‘tter on a Test of Geometry Knowledge (Test Q)
than Ss who werc not given the materisl. Results showed, in addition,
that method of presentation did not differentially affect efther
{mmediate acquisition or tranafer, but did differentially affcect re-
tention of the material.

This lack of eifect of method on immediate acquisition or on
transfer would seem to be at odds with some of the findings cited in
the literature. 1t has been found on several studies (see Chapter 3)
that presenting material in an expository fashion enhances immediate
acquisition, It should be noted that in this study ta effort was
made to equalize degree of original learning so that retention dif{cr-
ences would not be attributable to differences in initlal acquisi-
tion. 1herefore, In compiling the lessons, number of examples,
ratio of positive ind ncpative fustances, and sequence of cxamplos
was ldentical. An atiempt was made to equalize thc set of 8s under
each condition towxards the final test by giving 8s under both con-

ditions and identical esbedded test consisting of items parallel
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to those in Test Q, In spite of this, it can be observed that the
cxpository group attafned a slightly lilgher mean score. The differ-
ences, however, were not significant,

Results of the transfer study are somewhat more puzzling. 1In
vicew of the fact that positive transfer was found to be the only signifi-
cant effect on the pilot study it was somewhat surprising to find no cffect
on the main study., The transfer experiment in the main study was different
fu three ways from the transfer experiment in the pllot study. In the
pilot study Test 2, which was the test used to measure transfer, was a
production test, while in the main 3tudy the test used to measure transfer,
Test Q, was a recognitionvtcst. Changing the form of the test probably had
its effect especially oa the discovery proup. In the main studv the exposi-
tory group showed evidence of positive t-ansfer although it was not signi-
ficant while the discovery group showed a tendency towards negative trans-
fer although again the transfer was rot significant. 1t could be held that
the discovery group was more predisposed by the lcsson material towards
a production than a recognition test and that type of test would ionter-
act with treatment. There is no evidence pro or cvon in the data of the
present study but an experiment is proposed fn which the same lessons
and different combinations of Test E and Test Q are used to measure the
dependent variable. This would test the hypothesized interaction hetween
methed of presentation and type of test,
A second difference between pilot and main study lay in the point at

which the transfer test was made. In the pilot study the test was piven
24 hours after completion of the last lesson, while in the main study,

the test for transfer was given insediately after completion of the last
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bensoun, It could be held that part of the trassfer offect in the plilot
study was a cetention effect. This is suggested by the Fact that there
wuere no differcences between the groups on the embedded test in pilot
study. Of course the pilot study embedded test (Test 1) was a multiple
chofice test and the question of interaction between presentation method
and test again arises. A sccond experiment could be preposed liere In
vhich tlie lessons recialn the same across groups but transfer is measurcd
at various intervals to determinc interaction effects of transfer and
retention interval.

The third difference between pilot and main study was in the lesson
material ftself. 1o the pilot study the triangle tesson and guadrilateral
lessons were the same in pumber of concepts and number of cexamples per
concept. lu the malon study there were less concepts introduced in the
quadrilateral lesson (4) than in the triangle lesson (6) and there were
more examples (12) in the quadrilateral than in the triangle lesson (6).
The effect of the greater number of examnples and fewer concepls may have
been powerful enough on a test administered immediately to overshadow
any effects of the triangle lesson.

tvidence for this conclusion is the fact that cvery group which had
a quadrilateral fesson in the exposftory mode perfurmed slipghtly better
than any group which had a quadrilateral lesson in the discovery made,
regardless of whether the prior lesson was in the discovery or cexpository
mode, or in facl whether or not there was a prior lesson.  (sce Figure 4).

The vutcome of the retention experiment in this study is, of coursce,
of greatest educational and psychological interest. The scores of the

groups recelviug les:-ons fn the expository aode decrecased as reteation
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Interval increased, in the manner that classical forgetting theory would
sugpest.  The scores of thie discovery group, however, not only did not
decrease, but actually increased over time. Thls interaction remained
sipgniflcant when the effects of school, I1Q, aritlmmetlic ability aud
performance on Test B had been removed from the model, and appears there-
fore to be attributable solely to method of preseantation. 1t is impossibic
to explain this effect in terms of current theorty regarding memory and
forgetting.

Two alternative explanations are possible. 1t could be held that
the discovery mathod gave the student a set toward the concepts such
that in interactions with other materials during the retention interval,
he learned more about quadrilaterals and thus performed better on a
test piven after 21 days than on a test given after one day. This ex-
planation is plausible and is the one which would probably be favored
by Kersh (1958), who concluded that the motivation induced by the dls-
covery method was more important than the understanding.

Another explanation for the effect derives from reminiscence and
consolidation theory, although even reminiscence thcory tust be stretch-
ed to handle this data, Discovery learning could be interpreted as
leading to what Berlyne (1964) describes as "a state of conflict. . . Qf
such a kind that additional information e.g. specification of some
hidden attribute ol an object, identification of some impending cvent,
vl relieve it [p. 111" Berlyne concludes:

e this s so, the subject s besel
by what both common language and the
teciinical language of information theory

call "uncertainty.”™ It is likely that
prior learning will make him resort to
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exploratory activity to gain access Lo

the information whose lack {s being felt.

If so the subject will be in the kind of

state of heightened drive or arousal that

we call "perceptual curfosity.'" {p.11].
The discovery mode of presentatfion, then, may be taken Lo produce
arousal. Walker (1958) has proposed a lcarning and retentfon theary

which would predict that high srousal during learning makes the

trace learned less available for immedfate recall but would result
in greater permanent retention. Farley (1968) reviews a number of
studies supporting this predictfon. Klefnsmith and Kaplan (1963)
compared recall of paired assocfates learned under high and low
arousal and found that '"paired associates learn¢d under low arousal
exhibited high immediate recall value and rapid forgetting. High
arousal paired associates exhibited a marked reminiscence effect,
that is, low irmediate recall and high permanent memory {p.190]".
Kleinsmith and Kaplan (1904) and Walker and Tarte (1963) have

successfully replicated this result. Their explanation is that

The poor immediate recall for

high arousal learning is predictable

on the basis of the relative

unavailability of actively consolidating

neural traces. On the other hand

the greater consolidation of high

arousal learning also results in

stronger permanent menrory

[Kleinsmith, Kaplan, & Tarte, 1963, p. 393}.
The retention fintervals in the Kleinsmith and Kaplan and the Walker
and Tarte studies were 20 minutes, 45 minutes, 1 day and 1 week.

The predicted effects did not appear in the present study until

three weeks later. This might be explainca in teras of the com-
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plexity of the task., There is some evidence from the consolida-
tion studies with animals that there i{s a functional relationship
between task difficulty and consolidation time (Farley, 1968).
Similar findings have been reported by Manske and Farley (1970) using
children and Lovejoy and Farley (1969) using adults on a paired
associate learning task. ¥urther cvidence for this phenomenon is
noted in several studies of individual differences using a paired
associate task with children (Farley and Gilbert, 1970), and with
adults (0Osborne and Farley, 1970); a task fnvolving verbal and
motor skills (rFarley, 1969a); and o task consisting of free recall
of word lists (Farley, 1969b).

Data from the present study do not, however, permit choosing
between these alternate explanations. In summary, the present study
fs difffcult to interpret within the framework of classical theories
of memory and forgetting but can, with some inferential leaps, be
explained by alternate theories.

Psychological theories aside, the study has a number of important
educational implications. In concordance with Worthen's findings and
prior results of research on discovery and exposftory leatning it glves
greater weight to the contention that when the material being taught
must be avaflable for long ternm recall,-inVOIVQ-cnt of the student fin
procuring answers for himself is preferable., Beyond this, the present
study indfcates that it {s possible to get this involvement by means

of written materials alone, such as textbooks, programmed booklets, etc.
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Couclusions

The wain conclusion of the present study Is that method of
prosental fon (expository vs. discovery) did differentially affeet
retention of the miutorial presented.  Expository learniog was superior
on short=term retention, weasured fmmediately and one diay later, hu
discovery learning was superior on longer-~term retention, measured
21 days later. Method of presentation did not differcentially affect
transfer, although this may have been duc to the fact that the trans-
fer lesson was less powerful than the following lesson,

A second conclusion of some importance is that materfals can be
prepared in purely written form which can produce and assess thesc
cffects,  These materfals can also be described in specific duinll
tn terms of a large number of varlables whiich can be held constant or
varied systematically. This opens the way for a series of further
experlments whose effects will be more casily and more legitlmately
compared than some which have already appeared in the literature.

Finally, it is this author's conclusion that Lhe type of question
asked and phenomenon investigated in this study may be answered
and examined without recourse to explanation in terms of discovery,
especially when these terms are used without the precision necessary
for sclientific investigation, Data may be collected and gencraliza-
tions made on the basis of these observations. What Nagel (1961)

has described as cexperimental laws (cf., Chapter 2) can be formulated

lIlerbert J. Klausmcier and Dorothy A. Frayer of tiie Wisconsin Research

and Uevelopment Center started this line of development and investipgatlion,
The present study as was Frayer's study (1969) is a beginning validation
of this approach.
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and their [indings reported and used without the necessity of having
the phenonena explained,

Other kinds of questions will eventually have to be ashed and
these questions will necessitate the formulation of what Nagel (1901)
called a "theory" (cf., Chapter 2). This theory when it is rormuiated
should bc based not on some hasty generalizations, bul on a strong
cpistenological cexamination of the phenomena under fnvestigation as
well as on systematically recorded observations, [Perbaps morce order
can then be brought fnte the untidy fleld now fncluded under Che

vubric "discovery learning."
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Raw Data
Scores on Test Q
Scores on Test E
IQ Scores

Math Ability Scores
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School 1 Class 1
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Student Treatment 1Q Iowa Math Final Test Embedded
No. No. Score Score Test Score

24, 1 123 7.6 15 27
26. 5 . 111 6.3 18 27
27, 14 108 6.9 12 11
28, 5 117 7.0 5 23
31, 2 102 5.3 8 4

32, 6 108 5.7 11 20
34, 9 110 7.0 11 C*
36. 8 99 5.1 6 ¢

38, 14 96 5.5 11 11
39, 7 91 5.5 5 ¢

40, 3 118 7.8 25 24
41. 9 116 7.6 14 ¢

42, 4 126 8.1 22 23
45. 15 106 5.9 15 21
46. 15 99 6.1 9 20

ANote - Coindicates that 8 was in the control proap and therefore did
not have an erbedded test in the Lessons,




School 1

Student Treatment 1Q
No, No.

1. 8 90
3. 10 127
4, 11 118
5. 11 110
6. 4 102
7. 13 131
8. 14 113
9. 13 93
10, 12 118
11. 6

12, 2 125
14, 3 127
15, 9 127
17, 8 122
18. 1 112
19, 15 100
20, 3 113
22, 7 122
23. 7 115

97

Class 2
Iowa Math Final Test Embedded
- Score Score Test Score
5.3 13 ¢
9.1 22 23
6.4 15 19
7.5 17 24
7.5 13 18
6.9 27 27
7.3 19 20
5.5 11 12
6.7 14 14
7 16
8.1 12 22
8.2 17 21
8.9 15 &
7.9 9 C
7.1 15 6
5.8 10 7
6.8 13 18
7.6 9 ¢
§.9 15 c



School 2

Student Treatment IQ

No. No.

30. 6 139
31, 15 123
32, 10 85

33 13 122
34, 11 111
35, 12 117
36. 10 138
37. 8 120
39. 2 88

40. 11 134
ql, 2 137
h2. 9 128
A I 1Lt
45, 11 111
46, 5 106
47, 15 124
48, 15 122
56. 4 102
51 14 102
53. 12 97

54, 9 108
55, 13 97

98

Class 1
Iowa Math Final Test Embed Jed
Score Score Test Score
8.9 27 28
7.9 8 20
4,7 5 7
7.1 18 26
6.6 15 17
8.0 21 20
6.7 15 23
6.9 14 C
5.3 6 11
7.5 19 17
7.7 20 24
7.2 18
() Il 17
6.9 2% 23
5.3 7 11
7.9 26 27
7.8 26 23
4.8 12 15
4.8 9 12
4,0 15 17
7.2 9
5.5 21 14
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Test Score

Schiool 2 Class 1

Student Treatment 1Q Iowa Math Final Test Embedded
No. No. Score Score

56. 3 117 7.3 25 27

57. 7 101 4,7 6
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School 2 Class 2

Student Treatment 1Q Iowa Math Final Test Embedded
No. No, Score Score Test Scorc
1. 4 118 8.1 21 26
2. 3 121 8.1 26 20
b, 13 132 7.8 26 28
5. i4 104 7.5 17 14
6, 7 108 7.3 22 ¢
7. 5 120 7.1 18 21
8. 9 111 6.5 18 C
9. 2 138 8.2 15 23
10. 7 92 5.4 16 C
11, 12 8 12
12. 5 111 7.1 18 24
13. 9 122 8.3 17 C
14, 6 105 7.2 24 27
15. 8 118 7.6 12 C
le. 3 80 5.7 18 6
17. 7 111 7.2 11 C
18. 5 103 5.7 12 27
21, 15 113 6.1 18 20
22, 3 108 5.8 11 12
23. 13 102 6.6 15 20
24, 1 117 7.3 18 17

15, 4 119 8.1 24 22




School 2

Student Treatment
No. N,

26. 4

27, 1

28, 2

29, 14

1Q

135
109
110

114

Class 2
Iowa Math Final Test
Score Score
8.4 20
6.8 7
5.7 10
7.4 12

101

Embedded
Test Score

26
17
4

17
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school 3 o Class 1

Student Treatment 1Q Towa Math Final ‘est Embedded
No. No. Score Score Test Scorce
1. 12 87 4.9 8 3
2. 3 107 5.7 10 5
3. 6 130 7.0 14 20
4. 11 108 5.9 12 17
6. 3 115 6.8 13 15
7. 11 125 6.8 18 22
8. 14 76 4.6 12 4
9. 13 114 4.6 9 12
10. 13 104 4.8 18 17
11, 6 115 6.5 13 22
12, 5 : 96 5.7 8 6
[3. 9 120 6.7 L7 ¢
14, 4 109 5.0 8 18
15, 1 109 5.6 13 3
16. 15 115 5.0 10 11
17. 4 88 4,7 6 5
18. 10 126 6.2 11 13
19, 15 132 7.0 27 22
20. 8 125 7.3 13 ¢
21, 14 104 b.4 12 9
22. 9 117 6.6 16 ¢

L 1 114 7.7 ] 12
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School 3 Class 1

Student Treatment 1Q Iowa Math Final Test Embedded
No. No. Score Score Test Score
24, 3 123 5.4 8 19

25, 1] 104 5.3 8 19

26. 2 129 5.9 ‘ 15 5

217, 4 104 4,1 11 16

28, 15 124 6.7 18 23

29, 1" 117 6.0 9 19

30. 8 101 4,3 12 C

31, 8 98 6,5 7 (

32, 9 122 6.1 9 C

33, 8 100 4,9 7 C

34, 14 129 5.5 7 7




School 3
Student Treatment
No. No.
38. 10
39. 12
40, 5
h2. 6
b4, 3
45 10
46, 2
47, 5
48, 1
50. 7
51. 12
52. 10
53. 2
54, 15
55. 7
56. 7
57. 11
58. 5
60. |
61, 4
62, 4
63. 9

1Q

100
88
99
87
99

111

129
80

114
129
111
129
107
91

134
118
81

103
134
126

108

Class 2
Iowa Math Final Test
Score Score
4.9 7
4.4 8
5.2 9
5.0 5
4,9 14
5.5 9

8
7.0 10
4,2 8
7.0 8
3.6 13
5.2 8
7.5 13
4.9 6
4,3 6
7.5 7
7.6 10
5.2 7
6.3 11
7.5 16
6,1 10
5.5 9

104

Embedded
Test Score

6
6

4

14

9

20

14

21

17



Schaool 3

Student Treatment
-‘\‘U. :;0.

0a, 12

ll.). ;!

1Q

121

112

Class 2

lowa latis
Score

6.9

6.2

Final Test
Score

16

L4

Limhedded
Test Scois

13

24
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School 4 Class 1

Student Treatment 1Q Iowa Math Final Test Embedded
No. AN Score Score Test Score
28. 5 94 4,5 15 15
30. 13 80 4,4 11 g
31, 12 98 4,9 9 12
32. 13 109 6.8 17 18
33. 7 102 5.9 8 r
34, 14 88 4,6 6 8
35. 6 102 5.1 10 14
37. 1 105 5.9 10 17
8. 9 105 5.2 5 «
39. 12 137 7.9 21 22
40, 3 140 9,2 25 23
41, 6 99 6.0 17 21
42, 2 90 6.3 6 14
43, 15 88 5.2 13 19
bé, 14 104 6.9 17 14
45, 3 115 5.5 5 C
46, 1 119 7.5 15 19
47, 2 114 6.5 9 14
a8, 11 123 5.6 15 18
49, i 108 6.7 19 2]
50. 15 101 5.1 11 21

51, 15 108 6.5 13 3




School 4

Student Treatment
No. No.

52, 4

53. 8

54, 3

55, 3

1qQ

91
99
115

106

107

Class 1
Iowa Math Fianl Test Embedded
Score Score Test Score
3.8 6 9
6.0 14 é
6.8 16 19
6.8 21 23
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School 4 —_ Class 2

Student Treatment 1Q Iowa Math Final Test L’mbédded
No, No, Score Score Test Score
1. 12 121 6.7 22 24
2. 6 103 5.1 7 15
3. 11 97 4,2 6 19
4, 1 143 7.3 12 26
5. 9 1 5.9 10 C
6. 4 132 8.2 25 20
7. o 105 4.8 6 C
8. 15 116 7.1 27 24
Y. 14 114 7.1 19 17
10. 10 114 7.2 17 16
11, 8 83 5.7 4 C
12, 13 116 6.7 11 19
13, 1 114 6.2 13 14
L4, 5 113 5.9 17 22
15, 6 114 7.0 10 22
16, 4 113 5.3 11 24
17, 2 126 7.5 13 21
19, 5 112 1.7 12 18
20, 2 3] 4,0 11 11
21, 10 98 6.5 11 20
22, 9 135 7.6 10 ¢

23, 7 122 6.0 11 ¢




School 4

Student

o,

Treatnent
No.

7

7

1Q

102

121

115

Class 2

109

lowa Math
Score

6.0
6.8
9.1

0.2

Rinal
Score

5

6

28

9

Test

Lmbedded
Test Score

C

C

27
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School 5 Class 1

Student Treatment 1Q Iowa lMath Final Test Embedded
No, No, Score Score Test Score
3. 11 101 5.0 16 19
4, 8 90 4.6 7 C
5. - 3 101 6.4 6 8
6. 14 104 6.5 24 22
8. 10 7¢ 3.7 8 2
9. 15 120 1.7 27 25
10, 14 100 5.2 12 23
11, 12 _ 112 4.9 10 21
12, 6 117 8.2 11 25
13, 14 104 5.4 10 8
14, 6 103 6.9 9 14
15, 2 107 6.1 6 12
16, 15 97 4,2 14 14
17, 8 106 5.4 9 «
18, l 86 5.4 5 6
20, 13 98 5.8 14 18
21, 1 136 8.5 21 25
23, 4 110 6.1 20 22
24, 14 83 5.1 11 5
26, 4 116 5.2 19 18

28, 5 102 6.3 24 17




School 5
Student Treatmeat
Ho, No.
29, 3
30, 2
31, 10
32, 11
34, 2
35, 9
36, 1
37. 7
8, 10
39, 9
41, 8
42, 13
43, 2
by, 7
45, 13
46, 5
47, 12
48, 5
49, 1
51, 15
52, ?
53, 6

86
104
109
86
135
132
98
85
103
93
89
115
98
99
85
129
101
114
105
81
127

108

Class 2
lowa Math Final Test
Score Score
5.5 11
5.6 11
6.1 5
5.1 16
3.9 11
8.9 12
4,5 8
4.5 11
4.3 7
5.4 5
5.0 6
1.4 J6
4.9 10
4.8 5
4.5 8
8.4 19
4.6 15
6.6 22
5.2 10
3.8 10
5.7 9
4.9 11

111

Embedded
Test Score

9
5
11
12

24

16

22

17
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school 6 flass 1

Student Treatment 1Q Towa Math Final Test Embedded
No. No. Score Score Tesl Score
h4, 11 105 6.1 15 18
99. 10 133 6.5 11 20
S0, 15 117 7.1 I3 24
2. 3 123 5.9 15 17
3. 11 116 7.1 25 25
7. 8 112 5.5 8 «
8. 15 93 4,7 10 11
9. 10 104 5.3 9 5
12, 4 108 6.6 12 15
13. 12 129 6.5 15 16
14, 14 | 121 7.1 20 25
16, 12 16 6.0 1 15
17. 7 145 7.2 10 C
18. 6 114 7.3 19 21
19. 8 8) 6.0 6 t
20, 3 101 5.6 7 10
21, 11 106 5.9 12 16
23, 1 144 8,2 12 24
25, 13 127 7.3 27 28
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General Instruction to Proctor
All material is packaged by school and class and each booklet has
a student's name. On arrival at the school {t is only neccssary
to open the pack, distribute {t to the students, pass out pencil,

ruler, and cardboard strip to the students; read the fnstructions

and let them go.

Indicate your willingness to help them to interpret any words or

questioas but not to pive them answers.,

If there should be a new child in the class (one not on the list

I received) have him work on materfal specified by regular teacher.

Ask regular teacher to specily what those children finishing carly

might do.

In case of interruption of the class (by fire drill or some such)
just ask them to leave the materials on the dcsk and they may
start ¢. in when they xeturn, -Note the amount of time lost-
so that it may be subtracted from the times indicated on the

‘ront of the booklet.

Vo specfal pencils are needed except for the tests. Then

everyone should have a number 2 pencil.

If you should have to leave ask the regular tcacher to coltect

the material as each student finishes.
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Day 1 Instructions

Good Morning (Afternoon)

My Name is « I am working with some Educational

Psychologists at the University of Wisconsin in Madison., These psychol-
ogists are trying to find out how to make it easier for children to
learn mathematics, They have written some lessons and each day this
week you will study one of these lessons. After you have completed

the lessons, you will be given a test to see how much you learned.
Please do the best job you can on both the lessons and the tests,

1f you do you will learn some geometry and more than that you will

help us and other psychologists find ways to make learning easier

for other boys and girls,

1 am going to hand out the first lesson now, Do not open it until 1
tell you to do so., (Distribute the lessons, pencils, rulers & strips.)
Now does everyone have a lesson, pencil, ruler and cardboard strip?
OK! There are a number of different kinds of lessons 80 do not worry

if yours does not look like your neighbor's,

Check your name and write the name of the school on the first page,
(the cover). Turn to the page where it says Word List. 1f you do

not have such a page just start your work on the first page and cum-~
plete the answera right through the booklet. The word list reads!
(Read the heading, prenounce each work and have the children repeat f{t.

Ask if they can pronounce each word - any questions.)

A e

—r on
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(lold up copy of Lesson 1)

This lesson may be different for other lessons you have done. Here
is how it works. The pages in your lesson will look like this: (Open
any page after word list) This side (point) has questions for you to

answer., The other side (point) has the correct answer.

When you do the lesson you should cover the answers with the plece

of cardboard like thiu, (Show them),

Alter you write your answer, to the questions move the cardboard
down just far enough so that you can see if the answer you wrote is
correct, If it is go on to the next question. Let's do the first
page together. (Go thru first page of questions) Remind them to

move the strip and read the correct answer.

If you make a mistake and find that the answer you wrote down is

not right just draw a line thru it and write the correct answer be-

side 1t.

(Do Question 1 on the Board Correcting an Error)

By making corrections like this we will know which questions are too

hard.,

Does anyone have a question? Gou through the rest of the lesson by
yourselves now, If you have any questions or come to any words that

you do not ¥now, raise your hand ard [ will help you.

Write the exact time that it is now (Tell them) on the front cover

where 1t says "starting tire."
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When you finish write the exact time where it says "finishing time."

Take your time, so you will understand and be able to answer questions

later - go ahead.
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Day 2 Instructions
Good Morning =--

Today's lesson is just like yesterdayé. You know how to use the card-
boards so please check your name, fill in the name of the school, date
and class. Now turn to the page which says "Word List". Those who do
not have such a page may start work.

feo Through the Word List]
Now continue with the lesson. Put the time it is now on the cover
where it says '"'starting time." When you finish be sure to put the

time you finish on the front cover.

Pemember if you have any questions just raise your hand and I will help
you.

Go ahead.
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Day 3 - Instructions
Good Morning

Please check your names, and write in tlie name of the school, grade
and date on the third lescson, whicl. we are going to do today. Today
there are several different kind of lessons. Some of you have one
kind, some have another. Those boys and girls who have no word list
in their lesson may write down the starting time and start workiag.
Those boys and girls who have Lesson I11 will have this word list.

[Read  -d List on Lesson 111]
Now Lhose boys and glirls who have Lesson 1V will have this word llst.
[Read Word List on Lesson 1V]
You will not need your cardboard on every page today as answers are
not given on every page. When you come to a page which has a line
down the side like this

[Show them]

Use the cardboard strips as you did in the other lessons.,
Co ahead. If you have any questions raisc your hand. The Starting
time is . Remember to write the Finishing time on the lesson

whoen you pet done.
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Day ¢ - Instructions
Gooa Morning --

Today's lesson is the fourth lesson and for some of you it is the last
Jesscn.,  Some of you will also get a test today so don't be surprised.
I want to say again that you should not be worried about the test. Just
do your best.
The lesson today is very much like yesterday's. Wher you come to a
page which has a liune down the side and which has tLhe answers, just
cover the answers with your cardboard and continue as you have been
doing.
Now let us go thrcugh the word list

[Go through the wora list]
Remember when you use your ruler to measure in inches. Write the name
of the school etc. on the front cover, and the starting time which 1is

. And 1if you have any questions, just raise your hand.
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Day 5 Instructions
Good Morning ~-

Today many of you will get a test. Some of you will get a lesson,
followed by a tesi. Home of you will be tested at another time. We
will go through the procedure for doing the test. You will have a
test booklet which has the questions and a sheet like this [show them)
on which you put your answers. On the test bocklet check your  name
and write the name of the school, grade etc. On the answer sh:et
write your name, date and under the word 'course' put the school
nare, and your tegcher's name under "instructor.'" Do not fill in
anything above your name on the sheet. Let us go through the front
cover of the-test. [Read] [Tell them they have the special pencil
#2] Do the example.] Now theose of you who have a lesson,

lbok at the word list.[Go through the word list.]

Your lesson is like the past two you have had. Vhen you come to the
page with the answers, cover the answers with your cardboard as you
have been doing. Remember to muse inches when you measure with your

ruler. Fill in the front cover. The starting time is

Those who have neither a test or a lesson will have an assignment from
your teacher.

Go to work.
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Test Instructions
(For 11 and 21 Day Tests)

Hello

We are back to test some more boys and girls in ovder to tird out how
much you remember “rom the lessons you did. Those of you who have a
test today should also have an answer sheet like this [Show them]
inside the test booklet, and you should also have a special percil with
a No. 2 on the end near the craser, and a ruler. The test booklet

has the questions and you should put your answers on the answer shecet.

Check your name on the booklet, then write the namc of the school,
your grade and the date on the cover. ©Cn the arswer sheet, write
your name, the date. Under the word '"course" put the name of the school,
and under "instructor" write your teacher's name. Do not fill in
anything above your name on the sheet. Let us go through the in-
structions on the front cover of the test,
[Read the Instructicns and Do the Examples] e e

Any questions? Go ahead.
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Lesson on the Concept
PARALLELOGRAM
Presented in the

Expository Mode
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Hello,

Yesterday you learned how to tell whether or not a figure is a
quadrilatezal, You liarned that any figure which has four and only four
sides is called a quadrilateral. You also learned how to tell whether
or not a quadrilateral is 2 rhombus. You learaed that a quadrilatcral
which has four sides all equal in length is called a rhombus. Today
you will learn about two more special kinds of quadrilaterals,
parallelograms and trapezoids,

Rerember that when learning about these figures you need only look
at the sides. Find out if they are the same length or not and whether
they aré parallel or not. You do aot have to think about anything elsc
like whether the figure is big or small, or thin or fat, or straight or
turned around. Just think about the sides. You will learn about the

figures.
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The next special kind of quadrilateral we will study is
called a parallelogram. This figure is a parallelogram.
A parallelogram has twe pairs of parallel sides., Look
carefully at the following figures and see how they are
alike and how they are different,

D C
If you use your ruler you will find that sides AB
and DC are parallel. You will also find chat sides
AD and BC are parallel. Opposite sides of a parallelogram
are also equal in length. The measures of the line segments

in this figure arec given below. Use your ruler if you
wish to check them,

AN is 2 jnches long.

DT is 2 inches long.

AD is 1-1/2 inches long.
3

BC is 1-1/2 inches long.
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2, Look at this figure,

C

This is not a parallelogram. It does not have 2 pairs of
parallel sidas. Z&B is not parallel to PC and AD s not

parallel to BU. Opposite sides are not -~qual, Check the
measures below.

AD is 1 inch long.

AW is 1 {nch long.

CW is 1-1/2 inches leap,

CO is 1-1/2 inches long.

AB # DC; AD # BC. (4 means not equal to)

3. Now look at this drawing.

) G

This s a parallelegram. It has two palrs of parallel sides,
XN is parallcl to BC and AD is parallel to BG, Cheek with
your rulec  if you wish. Opposite sides are also cqual,

The measures of the sides are givea helow. Check them {1 you
\iishu

AW is 1-1/4 inches lony.
PC is 1-1/4 fnches loug.
AD is 1174 inches long,
BC is L-1/4 Inches lor.
A# = DC and AD = ®C.
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Here is another drawing,
A B

D C
This is not a paraliclogram. It does not have two pairs of
parallel sides, You will notice that you have one pair of
parallel sides but not two pairs,

AB and CD ave parailel,

AD and BC arc not parallel,

Notice also that AD is longer than BC.

This fignre is a parallelogram,

c

Leok at these measures of the sides and you will sce.

.

>

is 1-1/4 inches long,

DC is 1-174 inches long,

CR is 1-1/4 {nches long,

AD is 1-1/% inches long,

Notfce that AB = DC and EE = ;\T)

Mis Cigure maust also have (wo pairs of parvallel sides. 1T yon

use your vuler to check you will also ind that R s parallel
te DC and T8 s parallel to AD,



And this is a parallelogram. It has two pairs of parallel
sides. Opposite sides are also equal.

A 8

D C

Check the measures of the sides
written below.

AB ir 1/2 inch long.

DC is 1/2 inch long.

~a—

2!

is 2 inches long.

AD is 2 inches long.

If you use your ruler you will also find that AB is parallel
to DC and AD is parallel to RC. You know that all the
figures in questions 1, 2, 3, 4, 5, and 6 arc
quadrilaterals. There are two ways you can tell whether

or not they arc parvllelograms.,

1. 1If there are lwo paits of parallel sides; or

2. 1f opposite sides are cqual in lengpth,

129
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14,

15.
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The first six figures you studied (questions 1 to 6) were to
lkelp you learn how to tell whether or not a figure was a
parallelogram. In case you are not sure, we are going to lcok
at six more fipures, These should help you know for sure
whether or not a figure is a parallelogram. First, we must be
sure you can remember the word parallelogram itself., Repeat
it a couple of tines to yourself: parallielogram, parallelogram,
parallelogram. Now write the word parallelogram here.

Rerember what we said at the

beginning of the lesson about describing a figure in terms of
fts sides and nothing else. Look again carcfully at the next
six figures. Notice which are alike and how they are alike.

llere is the first fipure. 1t is a parallelogran.

0 C
If you use your ruler you will find that sides A8 and DC are
parallel, You will alsc find that sides AD and BC are
parallel. Opposite sides of a parallelogram are also equal.
The measures of the sides in this figure are given below.
Use your ruler 1f you wish to check them.

is 2 1/2 inches loug.
fs 2 1/2 inches long
is 1 inch long.
is 1 ini: long.

e

Leok at this flgure,

0 8

This is not a pargllologramf: It does not have_2 pairs of
parallel sides. AB {s not parallel to DC and AD is not parallel
to BC, Opposite sides are not equal. Check the measurcs below,

is 1 1/2 inches long.
is 1/2 inch long.

fs 1 1/2 {-.ches long.
is _1/2_inch__long.

¢ DOy AD ¢ BC

si3lEIRIE!
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Now look at this drawing,

C
This is a parallelogram., _Lt has two pairs of parallel sides.
AR is parallel to DC and AD is parallel to BC. Check with
your ruler {f you wish., Opposite sides are also equal. The
measures of the sides are given helow, Check them if you wish,

TA_I.: is 1 inche
DC 1s 1 inch.
Q is 1 $nch.
BC Is 1 inche
A B
Here is another drawing.
Y c

This is not a parallelogram., It doe< not have two pairs of
parallel sides. Notice that it has one pair of parallel sides
but not two pairs,

Kli is parallel to DC
AD {8 not parallel to BC
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And now look at this figure.

D c
This figure is a parallelogram. Look at these measures »>f
the sides and you will ece.

AB 18 2 inches long.
DC 18 2 inches long.
AD {8 2 inchea long.
BC 18 2 inches long.

And this is a parallelogram. It has two ypaire of parallel
sides., Opposite rides are also equal.

C

Check the measures of the aides written below.

is 2 1/2 inches longe
is 2 1/2 inches longe
1 1/2 inch longs
ie 1/2 inch long.

aisisiEt

If ).ou use_your ruler you will also find that AB is parallel
to vC and AD is parallel to BC.

You know that the last six figures are al: quadrilaterals.
Trete are two ways you can tell whether or not they are
parallelograms,

1, If there are two paite of parallel sides} or
2, 1lf opposite sides are equal in length.
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20, Using a ruler, connect as many points

as you need to finish the figure to *-—
make a quadriiateral that is not a
parallelogram,
®
o )
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21, Using a ruler, connect as many points
as you need to finish the figure so
{t is a parallclogram. 'Y °

A R e R TR D S R R R B SR G G % T R A S M S G R ER A R n S TN an G SR S G R G D B n S G D SR L R R SR AR AL R AL R R R R e

22, All parallelograms have something
specfal that not all quadriiaterals
have, Parallelograms have
pair(s) of sides,

---------------- Y Y I Y L T YN L L LI T T Y YV T S Y YR TN N P T

23, List a’l that is needed to completely
describe parallelogram.
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24, Using a ruler, connect as many points °
as needed to close the figure so it
has 2 pairs of parallel sides.

®
®
25. Using a ruler, complete this figure so
that 1t is 8 quadrilateral but not a °
parallelogram,
®
] ®

- m  m M B W M S Em B om W G @ S e I W S D o o S oG S MR = e B e ™ om

26, Using your ruley complete this figure
eo that it is a parsllelogram.
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Hello,

Yesterday you learned how to tell whether or not a figure is a
quadrilateral. You learned that any figure which has four and only
four sides {s called a quadrilateral. You also lcarned how to tell
whether or not a quadrllateral Is a rhombus, Yon lcarned that a
quadrilateral which has all four sfides equal in length 1w called a
rhombus, Today you will learn aboul two more speclal kinds ol
quadrilateralr, parallclograms, and trapezoids,

Remember that when learning about these f'gures you nced onlv laok
at the sides. Find out if they are the same length or not and if
they are parallel or nof. You do not have to think about anything elsc
1§%e whether it is big or small, or thin or fat, or straight or turncd

around. Jvst think about the sides. You will learn about the figures.
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The next special kind of quadrilateral we will study is called a
parallelogram. The next six problems will help you tell whether
or not a figurc is a parallelogram. Look at them carefully and
notice how the figures are alike and how they are different.
Here is the first figure.

C
l'se your ruler to find out some things about gides A
and DC. Did »ou measure them? llow lony are they?

AB s inches long.
DC is o inches long.

What else did you notice about AB and DC?  Check again and
write what you find out here.

- ——— —— —— e —

what about AD and BC?

AD is fnches long.

—

BZ s — . Inches lonyg.

What clse did you notice about AD and BG? _

.t b e A m e —Ae — - & . om.

- SPE - ————— ks S s e e A

1s AD parallel to KC?

is AB parallel to ne?
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A
2. Look at this figure.
D B
C
Measure sides AB, AD, CB, and CO.

AD s o Inches dong.

AR 1s o lnches long,

C8 s laches long.

cn Is — inches long.

1s AD parallel to BC?

1s AB parallel to DU?

—

How is this figure different from the figure in the last question?

(& 2
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Here 1is another drawing.,

A B

D C

Measure the sides.

AB is inches long,
CD is inches long.
AD is inches long.
BC is inches long.

Can you see hov this is different from the figure in Quustion3?

Use your ruler. Say how you think the figure in Question 3
is different from rhe figure in this question.

Is AD parallel to BC?

parallel to DC?

&l

Is
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3, Now look at this drawing.

A — B

Measure the sides.

AB is ___ luches long,
DC is — inches long,
AD is e inches long,
BC is ____ Anches long,

Is AB pavrallel to DC?

e

Is AD parallel to BC?

How is this different from the last figure?

Hlow is it like the figure in Question 1?7




)

e And now look at Lhis figure.

D B
Measure the sides. ¢

AB is ___ inches long.

AD is .. inches long.

T8 is _____1inches lony.

Cb i ___ inches long.

What elsce do you notice about the sides?

}s AD parallel to BC?

Is AB parallel to DC?

POOR ORIGINAL
COPY .3
AVAILABLE AT TIME FJLMEESII
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6., Here is another figure.
A B

/
a1

Write the lengths of the sides herc.

D

AR is Inches. long,
DC is L __ inches long,
CB Is inches long,

'f)./: is inches long,
Use your ruler and say what you note about sides AB and DC

and AD and BC besides the lengths.

Is AD parallel to BC?

Is AB parallel to DC?




17.

143

0f the last six figures, four were allke and two were different.

What are the numbers of the four which were alike?

Remember what we said at the beginning of the lesson about
describing figures by saying something about sides. Say how
you think that the four figures you namad in the last question
are alike.

Each of the four figures which are alike is called a
parallelogram.

The first six figures you studied (questions 1 to 6) were to help
you learn how to tell whether or not a figure was a parallclogram.
In case you arc not sure, we are going to look at six more figures.
These should help you know for sure whether or not a figure is a
parallelogram. First, we must be sure you can remember the word
parallclogram itself. Repeat it a couple of times to yourself:
parallelogram, parallelogram, parallelogram. Now write the word
parallelogram here, »
Remember what we said at the beginning of the lesson about describ-
ing a figure in terms of its sides and nothing else. look again
carefully at the next six figures, Notice which are alike and how
they are alike.

POOR ORIGINAL COPY - BEG!
AVAILABLE AT TIME FILMED
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18. Here is the {lrst [igure.

A 8

D ¥

Measure the sides AB and NC,

AB s inches long.

DC 1is inches long.

What else did you notice about AB and DC? Check again and
write what you find out herc.

Measure sides AD and BC

AD is inches long.

BC is inches long.

What else did you notice about AD and BC?

Is AD parallel to BC?

Is AB parallel to DC?
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C
Measure the sides AB, Ab, B, and €D,

AB is —e_Anches Jong.
AD is _ Inches long.
CB is inches long.
TY is inches long.

Is AD parallel to BC?

Is AB parallel to DC?

How is this figure different from the figure in the last question?
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20, Now look at this drawing.

A
D B
C
Measure the sides,
AB is inches long.
AD is inches long.
BC 1s inches long.
DC s inches long.

—

Is AE parallel to DC?

Is Kﬁ'parallcl to BC?

How is this figure different from the last figure?

How is this figure like the figure in question 187
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21. Here is another drawing.

Measure the slides.,

z

is inches long.

=]

is inches long,

2

is inches long.
BC is inches long.,
Can you see how this figure is different from the figure in

question 20?7 Use your ruler. Say how you think the figure in
question 20 is different from the figure in this question.

Is AD parallel to BC?

parallel to nC?

gl

Is




22. And now look at this figure.

A B
D Cc
Measure the sides,
AB s ___ inches long.
CD is ____ inches long.
AD is ____ inches long.
BC is inches long.

What else did you neotice about the sides?

148

Is AB parallel to DC?

1s AD parallcl to BC?
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23, And here is another figure,

Write the lengths of the sides here.
AB is inches long.
Ch is inches long.
AD is inches loug.

BC is inches long.

Use your ruler and say what you notice about sides AB and DC
and sides AD and BC besides the length,
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In the last six examples, four were alike and two were
different. What are the question numbers of the four
which are alike?

Remember what we sald at the beginning of the lesson
about describing figuree by saying something about the
sides. Say how you think that the four figures you
named in the last question were alike.

—— O S o . — — . Gt — T —— S S — —— ¢ S > o g = = e b S

18, 20, 22, 23

Two pairs of
opposite sides
werz cqual in’
length and two
pair of
opposite sides
were parallel.
Quadrilaterals
which have

two pairs of
opposite
sides equal

in length

and two pair
g_g_op_gosite
sides

parallel are
called
parallelograms,

.

3
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26, Usfing a ruler, connect as many points n .
as you need to finish the figure to
make a quadrilateral that is not a

parallelogranm,
®
o °
27, Using a ruler, connect as many points o °
as you need to finlsh the figure so
it Is a parallelogran. o
*—

28. All parallelograms have something
speclal that not all quadrilaterals
have. Parallelograns have )
pair(s) of _ sides,

e . e Ty e o R e T G s S e e e A S e B OB e e A AL A S S G T e G e AR e B A S n E Ge A A -

29. List all that is needed to completely
describe parallclogram.
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30. Using a ruler, connect as many points PY
as needed to close the figure so it
has 2 pairs of parallel sides.

L
®
31. Using a ruler, complete this figure so
that it is a quadrilateral but not a
parallelogran.
-
®
L o

- e E . S e S R R e - D e S R D e R S R R R R G R e e ED G R S e SN e A G e G A G D S e e

32. Using your ruler complete this
figure so that it is a
parallelogram.




